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In this assignment | will be looking to demonstrate an understanding of semi-conductor
components and their characteristics along with their application in analogué and digital
electronic circuits. | will also look to design, simulate, build, test and evaluate analogue and
digital electronic circuits using information gained from datasheets. This will be done

through practical and computer based exercises.

To quickly start this assignment off | want to explain what a digital system is and what the
difference is between digital and analogue. Analog and digital signals are used to transmit
information, usually through electric signals. In both these technologies, the information,
such as any audio or video, is transformed into electric signals. The difference between
analogue and digital technologies is that in analogue technology, information is translated
into electric pulses of varying amplitude. In digital technology, translation of information is
into binary format (zero or one) where each bit is representative of two distinct amplitudes.
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Task 1 - Combinational Logic
Using Multisim construct and test the following circuits using NAND gates. For
each circuit complete a truth table and measure the logic value at each point
indicated in the truth table. Write down the simplified Boolean expression and
check that the measured values agree with the expected values. s o Iz __— i
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State the logic function for W, X and Y and simplify.
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(d) What will be the output of the circuit below? If A of circuit (b) is connected
to Y what will be the new output.

A O
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B O
g
0D 0O e &6 BB
XLC1 AB. €. O E B Gr H
] N "
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T = AB oozl 1 o :
so3|l 1 1 1
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The circuit arrangement above is the same as a single OR gate. If the addition of

another NAND gate was to be added at the end of the above circuit, it would result
in a NOR gate. of
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(e) Construct the following circuit and measure the logic values at W, Y and X.
Determine the output equation and confirm that the theoretical values agree
with the measured values.

A O— [ W
¥
B [
O—
«# Logic Converter-XLC1
< (@] o O 9 © @ ©
A B < =] E i G (=)
ek 3 0CC g o0 1
T e N seil 8 i 2
o023 1 1 1
L d Lrd L < < L 5 -l <
]{ ¥ I ] T
I u1 U3
-
NANDZ [ NawDz us
t_ uz { ua J NAND2Z [
NANDZ G2 - N !
== Logic Coh\'eﬁér-XL(1
(e} o o O 2 O O O
A B = D E F (<] (=]
CCo G (o 1
o001 o 1 1
oC 2z 1 o o
cC3 1 1 i
-
XLC1 o O O O O O O O
= ——— AB A B = D E F ] H
oCC o] C =]
3 1| ;
) u1
l u3 J
NANDZ2 -
- - us
NAND2
u4a
uz NAND2
NAND2Z A'B+AB'
NAND2 - =

X =A.B + A. B (This is the same as an XOR gate.) //l
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(f)  Simplify the following Boolean equations, ONLY using the LAWS OF
BOOLEAN ALGEBRA and DeMORGANS THEOREM. Verify your
findings by constructing the logic circuits using NAND gates.

i) F= A(A + B)
F=AA+A B=A+A. B =A(+B)=Al=A / ,
(No logic needed, its simply a straight input to output) (.;f':*c-r..{

ii) F=(A+B)(C+A)
F=A.C+A.A+B.C+A.B= A.C+A+B.C+AB = A(C+1+B)+B C=A+B.C N
Using DeMorgans theorem=F = A+ B - C = I couation b Vi R A
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ili) F=(A+B)C
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Using DeMorgans theorem = F=AC+BC= (A.C).(B.C)=(F=(A.C).(B.C 0) /
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iv) F=(A+B+C)(A+B+C)yA+C)B+ C) /
F= (B+O(A+0OB+0%EC(A+C) = AC+CE=AC+0 = AT /
(Unable to do DeMorgans therom due to this logic being ineffective when convertered)
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Task 2 - Multiplexer

An arrangement where several inputs can be connected but only one output, under
the influence of a select input, will have access to the output. The block diagram
below shows a 4-to-1 multiplexer, produce a truth table and the Boolean equation
to representation the multiplexer. Use this information to design the 4-to-1
multiplexer using logic gates and test its function using Multisim.

Co
Cl1
Cc2
3

Inputs Output

Select

A multiplexer is a combinational logic circuit designed to switch one of several input lines
through to a single common output by the application of a control signal.

A B Q
0 0 C1
1 0 2 /
0 1 3 i
1 1 ca

Above shows the truth table for a 4-1 multiplexer. Below states the Boolean equation for the
circuit.

Q=AB.Cl+AB.C2+AB.C3+ABCs /

By Harry Owen Valero HNC Year 2
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This shows the circuit with the 4 input signal switches open. This shows there is no output to

Q when all switches are open.
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This shows the circuit with random switches open and some closed. This gave an output to Q.
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This shows that when all switches are closed and signal is present that there is an output on
Q. This gives evidence to support my truth table and Boolean expression.

By Harry Owen
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Task 3 - Sequential Logic

The truth table of the D-type and J-K Flip-Flop

Electronics 1

(a) Construct the following debouncing circuit, and connect the clock of a D-type flip-
flop to the output. Monitoring the clock, Q and QBAR outputs with LEDs and

complete Table 1.

= VCC
[ sv
X1 X2
] P /!hxzj\l
R5 R4 ‘ |
1kQ 1kQ | s
SET
i | } U1 ” . ‘
\ - } btk . b— P
Key = Space NAND2 s #
U3 | D_FF
NAND2
T vcc
5V
X1 X2
- ‘R4 25V O 25V
§1u1 1kQ | w3 | |
ET
J1 | J U1 D 2 /
R } :ﬂz-w 2
Key = Space NAND2 ssiio
[ DFF

By Harry Owen

o

NAND2
Table 1 - D-type truth table
Input Outputs
I Q 6
0 0 !
1 1 0

Yy,

Valero HNC Year 2
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B) Now connect the clock of J-K flip-flop to the output. Monitoring the clock, Q and QBAR
outputs with LEDs and complete Table 2.

VCC

T osv

B N B e iy

(=]

J1

: .
éns %R-& | u3
1kQ 1kQ -
| A .

Key = Space NAND2 il
# | JK_FF /
NAND2
Table 2 — J-K truth table
Input Outputs

J K Q 6
0 NoChange NoChange /

1 0 1 0 /

1 1 Toggle Toggle /

C) The cross-coupled NAND gates are for switch debouncing. Why are they needed and
how do they work?

Bouncing is when two contacts in electronic signals generate multiple signals when the
contacts open and close. Debouncing ensures that only one single signal is accepted when an
open and close contact is made. Would could imagine this to be a problem with counting
circuits or typing circuits. A set-Reset latch or SR is an easy way of stopping this problem
from occurring. When NAND gates are used they have one gate as the output and the other
feeding back into the first gate. This circuit latches the signal until it is broken and prevents
any more than one signal being received until the switch is broken. .

P
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Task 4 - Using Sequential Logic to Solve Real Problems

Design a synchronous 0-5 counter using D-type flip-flops, the design must include a state
table and Karnaugh maps. Once the design has been produced use a suitable simulation
package to test the function of the counter and comment upon the results.

STATE TABLE -

|/

Da=Qb.Qc + Qa.Qc /

Db =Qa.Qb.Qc + Qb.Qc v

Above shows the truth table and karnaugh maps. These helped in the design as it allowec@
to see the simplest way to wire the circuit.

By Harry Owen Valero HNC Year 2
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us
u4
us b—
< AND3
ORZ gs
AND2 '
X1 %2 X3
| vt O | vz O | ¢ O
ST SET l SET ’
L Q D a y ] a J
TLK  ~Q PCLE ~Q BCLE 2 p—
BESET RESET BESET
D_FF | D_FF | DFF

VCC P
5\{11 /
|_o\0.—
Key = Space

=L

4 Logic Analyzer-XLA1 x

Time (s)
46.150m 46.350m 46.550m 46.750m 46.930m 47.150m

13 [ 1 ]
13 1 | 1 [ 1 [

Gt L el L e T T el e L T LT

S e Clock Trigger
Stop || Ti 4| 46.203ms |0000 | Cl=Div et

Reset T2 [¢4| 6.803ms 0000 | set.,, |External (C) Qualifier (Q) qualifier (T)

| 600.478 us
Reverse  T2-T1 |

Above shows the circuit | created. It uses D type flip flops. The D type flip flop is a basic
building block of sequential logic circuits. It is a circuit that has two stable states and can
store one bit of state information. It changes with a change in input signal. The circuit worked
as expected with the switching working in order!:-l/problem I found was that there was a lot of
gates and links between flip flops which could have been reduced with the use of JK flip
flops as it allows a change in high and low state with the multiple input signals. This would _
reduce the gates used in the circuit and would make it easier to wire and visual inspect.

By Harry Owen Valero HNC Year 2
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