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Introduction

Logic digital systems use exact values in their design and function. Binary code utilises two values to
represent data, 0’s (off) and 1’s (on). These values can be influenced using specific logic gates to get desired
outcomes. These systems have a wide range of applications such computers, communication and control
systems.

Digital electronics consists of devices such as transistors, relays, diodes and logic gates to process and
manipulate digital signals, these signals are represented in binary code as 0’s or 1’s. Logic gates are the
building blocks of logic circuits, such gates include AND, OR, NOT, NAND, NOR and XOR. From these basic
gates much more complex circuits can be developed such as counters, multiplexers and comparators. /

An extract by Brock J. LaMeres (2017) defines how combining logic gates to create complex circuits operates;
“Combinational logic refers to circuits where the output depends on the present value of the inputs.
This simple definition implies that there is no storage capability in the circuitry and a change on the /

input immediately impacts the output.”

The above extract it explains how instantaneous reaction through a digital system can be to an input change,
often delays are implemented to postpone such functions.

A digital system can be designed using a variety of methods such as logic circuit diagram, truth tables,

Karnaugh maps and Boolean algebra. These methods clearly show the relationship between the inputs and /
outputs of the circuit.

Task 1 — Combinational Logic

a)
A B X
A o— 0 0 1
X 0 1 1
B [ umm— 1 0 1 /
1 1 0
X=AB /
XLC1 000000 OO0 ot
S 2 _E - & o Conversions
S===ue| T T =
003 11 0 Tolr - AB
? P 9 9 PO e e
T 1T 1T 11 ol SLF aB
AE —-+ Tolt
AIE —+ T
U1 BB —+  MAND /
NAND2 | |

Figure 1.1 — Multisim Task 1a Simulation
Figure 1.1 proves the calculated truth table and Boolean expression for task 1a
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Logic converter-XLC1 *
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o= O

==
=X
— =

"y

OQut

Conversions

U1 AB —+ RAaND
NAND2 |
Figure 1.2 — Multisim Task 1b Simulation
Figure 1.2 proves the calculated truth table and Boolean expression for task 1b
c)
Logic Diagram
A o—
W
B o_’_ X
Co |
Truth Table
A B C W X Y
0 0 0 0 1 0
0 0 1 0 1 0
0 1 0 0 1 0
0 1 1 0 1 0
1 0 0 0 1 0
1 0 1 0 1 0
1 1 0 1 1 0o
1 1 1 1/ 0 1/
Y = ABC /
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NAND2

NAND2

NAND2

Figure 1.3 — Multisim Task 1c Circuit Diagram

Figure 1.3 shows the circuit layout used with a logic convertor to prove the truth table above. It displays the
circuit layout for column Y, with the input for the logic converter for W and X column labelled.

D0 0 0 O O O O

A B C D E F G H
ooo 0 0 0 0
001 o0 0 1 0
ooz 01 0 0
003 01 1 0
004 1 0 0 0
005 1 0 1 0
006 1 1 0 1
007 1 1 1 1

/

Figure 1.4 — Multisim Column W Logic Convertor Table

Figure 1.2 proves the calculated truth table for column W for task 1c. The output for W is the same as a 2
input AND gate as A and B had to be positive to get a positive output. Where the C value does not matter as

it has no effect. /
00000000
A B C D E F G H
o00] 0 0 0 T
001] 0 0 1 1
002 0 1 0 1
003] 0 1 1 1
004] 1 0 0 1
005 1 0 1 1
006] 1 1 0 1
007 1 1 1 0

Figure 1.5 — Multisim Column X Logic Convertor Table
Figure 1.5 proves the calculated truth table for column X for task 1c. The output of X is the same as that of a

3 input NAND gate, as all inputs must be positive to achieve a negative output whereas all other conditionS/
achieve a positive output.
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Figure 1.6 — Multisim Column Y Logic Convertor Table
Figure 1.6 proves the calculated truth table for column Y for task 1c. The final output of Y is the same as a 3

input AND gate, as all inputs have to be positive to achieve a positive output all other conditions besides this
achieves only negative outputs. /

d)

Logic Diagram

Ao———

B P S

Co

\

Truth Table

I === =]1p
==l = (=]l
ROR|OR|ORIOIO
==l =ll=e}{=]
OlOoR|kR|IR|FR|R|F[X
Ol |O|rR| Ok lorK
OlrRFPIFIFPRFIFIFO

Q = ABC + ABC + ABC + ABC + ABC + ABC + ABC /
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Karnaugh Map
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Figure 1.7 — Multisim NAND Gate Equivalent Circuit

Figure 1.7 is the NAND equivalent circuit for task 1d with annotations showing the logic gate conversion into
NAND gates.
A
O——

/

Figure 1.8 — Multisim NAND Gate Simplified Circuit

Figure 1.8 is the simplified circuit of figure 1.7. When one input is shared across both NAND gate inputs it
functions as a NOT gate, when there is two of these in series the input inverts through one NAND gate then
reverts back through the second NAND gate to the same state prior, when this happens the two NAND gates
can be removed having no affect on the system. /
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Figure 1.9 — Original Circuit Simulation
___________ 1
R—— |
|
|| T>—==AB | 00000000
| A B C D E F G H
| | SR :
| Le ¢ e 9 9 @ @ | 002l 0 1 0 1
| Fr T 03] 0 1 1
L L oo4l 1 0 o 1
005 1 0 1 1
006 1 1 0 1
007 11 1 ]
u1 uz2
NAND2 NAND2 us | /

NAND2

Figure 1.10 — NAND Equivalent Circuit Simulation

When comparing the two truth tables in figure 1.9 and figure 1.10, the function is the same. Not only is there
less gates, in the original circuit three separate chips would be needed. Once simplified one chip is needed /
for the same operation.

A NAND gate performs the logic operation of an inverted AND gate, this is where all inputs must be 1 for a 0
output and all other combinations would generate a 1 output. NAND gates as seen from figure 1.7 can be
direct replacement for all other logic gates when placed in various formations, from this initial conversion they
can then be simplified as shown in figure 1.8. /

There is potential for all gates to be replicated by NOR gates but using NAND gates as a universal gate is
more favoured as outlined by M. Morris Mano & Kime, (2004) in the following;

“NAND implementation is less costly. Also, the NAND implementation involves a maximum of three

gates in series while the NOR implementation has a maximum of five gates in series. With equal

gate delays assumed, the shorter series of gates in the NAND circuit gives a maximum delay from

an input change to a corresponding output change about 0.6 times as long as that for the NOR /
circuit. So, in this particular case, the NAND circuit is superior to the NOR circuit in both cost and
delay.”

Implementing NAND gates as a universal gate greatly reduces costs, as less variety of chips would be/
required and the total numbers of chips would likely be less all gates on the chip is more likely to be used.
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e)
i)
Q= (A+B)(A+ B)(A+ 0
Q=(AA+AB+B.A+B.B).(A+0) / XLC1 ce09000eo
_ _ > —=aAB 000] 0 0 O 0
Q=(A+AB+AB).(A+0C) ol 90l :
& G ¢ § ¢ § ¢ § 003 o1 1 0
_(AA+B+B).GE40 [ EEEN ol 140 ?
Q=(A.(1+B+B)).(A+0) o5l 1 0] ;
007 11 1 1
Q=A1.(A+0)
U1 U2
Q=A(A+0) / v
_ NAND2 NAND2
Q=AA+AC | AC
Q=AC / Figure 1.11 — Boolean Circuit Evidence i
i)
XLcli C0 000000
= A.B.C + AC+ ACD+ ACD
Q 1 >———= AB 000 p[; 3 ([:P [[)P — 1 Ps
Q=C(AB+A+A.D+AD) / 20zl 00 1 0 0
peoegepeel o) by !
_ _ S N 005 0 1 0 1 1
Q=C(AB+AD+AD) 006 0 1 1 0 0
007 o1 1 1 0
C IDLED) £ 03| 10 0 1 1
Q= C(A(BB+ 1) +A.D+AD) dogl 1 0 01 J
ozl 110 0 1
Q=C(A1+A.(D+D)) 013f 1101 !
015 11 1 1 0
Q=C(A+A)
Q=A.C+A.C U1
Q=¢ ]
NAND2 G

Figure 1.12 — Boolean Circuit Evidence ii

From figure 1.11 & 1.12 there are values that are terminated to nothing, this was done to show 3-bit and 4-
bit tables showing the total function of the circuits. This shows how impactful simplifying logic circuits can be,
this can save a company money has total number of chips would be reduced, as well as troubleshooting the
system would be much more efficient. /
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Truth Table
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16/02/23

/

Above is a truth table for BCD (binary coded decimal) where the numbers ranging from 1010 to 1111 are not
used, for the system to detect these invalid codes the Q output will show one to indicate this.

Q = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

Karnaugh Map
CDoo o1

11

10

AB

o O 0

o1 O 0

11(1 1

10 () 0

\_

1

Q = AB + AC
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Q=AB+AC 7

Invert All _
Q=AB+AC /
Q=AB.AC [/
Invert Again
Q = AB.AC 4

m O
n o
o O
O

I |
|
——— AB : :
i = |
| |
|
|

=

=

s
I L - e
oo s moooo|m O
re oo aoo|n O
g Y A Y ) =]
e -

NAND2

R

Figure 1.13 — 4-Bit Binary Code Boolean Evidence

When comparing figure 1.13 truth table with the original truth table the outputs and logic functions are
identical.

The original Boolean expression was then simplified by means of a Karnaugh map to give the expression
Q = AB + AC. By using DeMorgan’s theorem the expression was further simplified to give Q = AB.AC, from
this simplification the requirement for 2 AND gates and 1 OR gate has changed to only requiring 3 NAND
gates.

In figure 1.13 proves that D inputs have no affect on the output of this logic circuit so when conducting the
simulation, the D input was terminated to nothing. The reason for this is to display a 4-bit system to prove
figure 1.13 match with the original truth table.
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Task 2 - Multiplexer

Co
Cy 4to1l
Inputs C, Multiplexer [ Q Output
C3
A B
Select
Figure 2.1 — Multiplexer Diagram
Truth Table
Selector Switch Output
Input A B 0
Co 0 0 Co
Cy 0 1 Cy
C, 1 0 C, /
Cs 1 1 Cs
A B
0 0

—X|7NOT %NOT

(o] Y
O |/
AND3
C1 Ny
O .
AND3

c2 OR4
| ::::
AND3
c3 —
! -/
AND3

Figure 2.2 — Multiplexer Multisim Circuit

Page 13 of 22



Ollie Evans - 125854

vCcC

vcc
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vce
T sov

us
NOT

Key = A
52

ug
NOT

Key =B

AND3

un

5.0V

| )
|
AND3

Figure 2.3 — Multiplexer Multisim Simulation 1

np-

S1

vCc

5.0V

us
NOT

=}

Key = A
52

ue
NOT

Key =8

AND3

U1

T
|/

AND3

Figure 2.4 — Multiplexer Multisim Simulation 2

Figure 2.4 & 2.5 display proof of circuit function. Figure 2.4 is an example of the input C,. A. B hence why the
output on U7 (4 input OR gate) is 0. Where in figure 2.5 the input is Cy.A. B getting a 1 output. Testing was
carried out for C,, C, & C3 proving circuit function ensuring that it followed the Boolean expression.  /

Page 14 of 22



Ollie Evans - 125854

Task 3 - Sequential Logic

a)

Truth Table

PCEE 4006 — Electronics

16/02/23

Input Output
D Q Q
0 0 1
1 1 0 /
vee X1 X2
5.0V
ut | U4 O 2sv i 25V
S1 Jo—— SET
o NAND2 ¢
CLE ~Q
i EEEET
— Key = Space u2 D_FF
NAND2 =
R1 R2
Umn H1kﬂ
vVCcC
5.0V
Figure 3.1 — D-Type Circuit Simulation 1
vee X1 X2
5.0V
ut | U4 i 25v O 2sv
° NAND2 ¢
CLE ~Q
i REEEET /
— Key = Space u2 D_FF
NAND2 =+
R1 R2
}ﬂm }ﬂm

vVCC

5.0V

Figure 3.2 — D-Type Circuit Simulation 2

Figure 3.2 shows the beginning of the D type sequence, after one clock pulse figure 3.3 shows the D type
flip flop moving the data from D in this case 1 to the output of Q. Q is always the invert of Q. A further test was
conducted with ground being connected to D to prove the D-type moving a 0 input through to Q after a clock

pulse.
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b)
Truth Table
] K CLK Q Q
0 0 T Q, (No Change) | Q, (No Change)
1 0 0 1 0
0 1 1 0 1
1 1 ) Qo (Toggles) Qo (Toggles) /
vee X1 X2
5.0V
" O »
| U3 25V 25V
81 4_DO_ SET
NAND2 5
o/:: CLE /
I o
— Key = Space uz RESET
JK_FF
NAND2
R1 R2 -
D1kn U1kﬂ
vce
5.0V
Figure 3.3 — JK-Type Circuit Simulation 1
vee X1 X2
5.0V
i 00 O
| U3 25V 25V
81 ﬂ SET
NAND2

/.

CLE
[ o
— Key = Space U2

N

JK_FF

NAND2

R1 R2

U1kn U1kn

VCC

5.0V

Figure 3.4 — JK-Type Circuit Simulation 2
From the simulation in figure 3.3 and figure 3.4 is an example of highlighted yellow row of the truth table,
there is a high input on J and a low input on K resulting in a high output on Q post clock pulse.

The set function of the flip flop overrides the J and K input making the output Q 1, the reset function will revert
Q back to 0. /
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C) u1 X1

s1 Jo—
/— NAND2 ? 2.5V a
o |

J— Key = Space

1kQ 1kQ
vcc

5.0V

Figure 3.5 — Debouncing Multisim Circuit

When the electrical contacts within a mechanical switch meet there is often a series of ripple signals from the
elasticity of the contact material making and breaking. Figure 3.5 is an example of debouncing this is done
by use of a S-R latch circuit, this circuit minimises the ripple effect from the switch. Research by Gay, W.
(2015) investigates the signal produced by a non debounced switch and a corrected debounced switch seen
in figure 3.6. When looking at the bouncing signal the system would see it as multiple high’s and low’s instead
of the intended single on.

‘Waves Waves
us 200 L -

104 us 300 us ]
TTTTTTT [ TTT T T T [ TTT 0TI T (11771 TTTTTTTT LTI T T TTTIT]l

[
T T T 0T | /

Figure 3.6 — Bouncing Waveform Versus Ideal Debounced Switch

This circuit seen in figure 3.5 consists of two NANDs, a SPDT switch and two pull up resistors. The resistors
provide a logic high for the NAND gates, the switch pulls one of the inputs to ground. In the circuit diagram
one of the inputs for U1 would be pulled to ground making a logic low, regardless of the other input a NAND
gate would output a logic high. U2 is connected to VCC though R2 this NAND gate has the input high from
U1 and high from VCC. U2 will continuously give out a logic low to U1 so in the event of bouncing U1 would
have one input bouncing but because it maintains a logic low from U2 it holds the value eliminating bouncing
at the Q point.

Task 4 - Using Sequential Logic to Solve Real Problems

Excitation Table

Present Qa Next Qa Ja Ka
0 - 0 0 X
0 — 1 1 X
1 - 1 X 0
1 - 0 X 1 /

Above is an excitation table which shows the minimum required inputs to achieve the next state. This had to
be completed for all Q values in the table below. The x value stands for a don’t care condition this could have
the value of O or 1, it does not affect the result it as it does not matter.

Truth Table
Present Next JK-a JK-b JK-c
Qa Qb Qc Qa Qb Qc Ja Ka Jb Kb Jc Kc
0 0 0 0 0 1 0 0 X 1 X 0 X
2 0 1 0 1 0 0 1 X X 1 0 X
4 1 0 0 1 1 0 X 0 1 X 0 X
6 1 1 0 0 0 0 X 1 X 1 0 X

Page 17 of 22



Ollie Evans - 125854 PCEE 4006 — Electronics 16/02/23

Karnaugh Maps

JK-a
00 01 1 10 o0 01 11 10
4 2 e w
ol 0 | x | x | 1 o X | X || X | X
X | x|l x | X 10 | x|l x| 1 /
_ _J / \_ )
Ja=Qp Ka=Qp
JK-b
a® 00 01 1 10 %00 01 11 10
4 N { N\

1 k1 XXX X | X ] X 1 J
Jb=1 K, =1
IKec
o~ 00 01 1 10 o~ 00 01 11 10
ol 0 | x | x| O o X | X | X | X
10 | x| x| 0 X | X | X | X
Jc=0 / K.=0 4

The green don’t care in the Karnaugh maps relate the figures that would be used for numbers 1, 3,5 & 7. As
this counter is not using these numbers at all they were highlighted don'’t cares prior to building the k maps.
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Multisim Simulations

CLK
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000 State

CLK

010 State

CLK

Figure 4.3 — Multisim Sequential Logic Circuit — 010 State (2)
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vcc
(hyaea T () ab () Qc
JKa JKb JKe
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Q J Q J 2
CLE CLE CLE
E -2 p— E 9 B K ¢ p—
RESET RESET RESET
Figure 4.1 — Sequential Logic Circuit Multisim
vce
(yQa T () ab () Qc
JKa JKb JKe
SET SET SET
Is} J Q J 2
CLE CLE CLE
4 Q2 b K 0 K 4 p—
RESET RESET RESET
s1
Key = Space -
Figure 4.2 — Multisim Sequential Logic Circuit — 000 State (0)
vce
(ya@a T Qb () Qe
JKa JKb JKe /
SET SET SET
Is} J Q J Q
CLE CLE CLE
K e p— K =0 K q p—
RESET RESET REEET
s1
Key = Space -
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100 State

CLK
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110 State

CLK

SET

vcc
o T O ab
| JKa JKb
S5ET SET
J
CLE CLE
K - K b
RESET RESET
S1
Key = Space N

Figure 4.4 — Multisim Sequential Logic Circuit — 100 State (4)
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() Qe

SET

VCccC
*Qa T Qb
| JKa JKb
S5ET SET
J
CLK CLE
K f— E Fo—
RESET RESET
S1
Key = Space -

Figure 4.5 — Multisim Sequential Logic Circuit — 110 State (6)

Figure 4.2 through to figure 4.5 shows the sequence of counting in line with the brief, the brief stated to have
a 3-stage binary counter to produce only even numbers in the range 0 to 7. From previous figures the brief
has been met. This counter will restart as in the truth table the next Q values after 6 would bring the counter

back to 0.

/
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Figure 3.3 — JK-Type Circuit Simulation 1 — Circuit simulated in Multisim by Ollie Evans
Figure 3.4 — JK-Type Circuit Simulation 2 — Circuit simulated in Multisim by Ollie Evans
Figure 3.5 — Debouncing Multisim Circuit — Circuit simulated in Multisim by Ollie Evans

Figure 3.6 — Bouncing Waveform Versus ldeal Debounced Switch — Gay, W. (2015). Exploring the Raspberry
Pi 2 with C++. Berkeley, CA: Apress : Imprint : Apress.

Figure 4.1 — Sequential Logic Circuit Multisim — Circuit simulated in Multisim by Ollie Evans

Figure 4.2 — Multisim Sequential Logic Circuit — 000 State (0) — Circuit simulated in Multisim by Ollie Evans
Figure 4.3 — Multisim Sequential Logic Circuit — 010 State (2) — Circuit simulated in Multisim by Ollie Evans
Figure 4.4 — Multisim Sequential Logic Circuit — 100 State (4) — Circuit simulated in Multisim by Ollie Evans
Figure 4.5 — Multisim Sequential Logic Circuit — 110 State (6) — Circuit simulated in Multisim by Ollie Evans
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