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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. M phbabl e i
7 /‘,’/j __ C’_’/ v

a) Figure 1 illustrates the NAND gate for part A, it also shows the truth table for this gate,

and also the simplified Boolean expression.
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b) Figure 2 illustrates a NOT gate which has been made by using a NAND gate, it also shows
the truth table.
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c) Figure 3 illustrates a logic gate which was made using 4 NAND gates, it also shows the

truth table for this logic gate and shows the simplified Boolean expression.
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d) Figure 4 illustrates a logic gate which was produced by using 3 NAND gates, it also shows

the truth table for this logic gate, and it also shows the simplified Boolean expression. This

logic gate works the same way as an_inclusive:,‘:OR gate.
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. e) Figure 5 illustrates a logic gate which was produced using NAND gates, it shows the truth

table and shows the simplified Boolean algebra. This logic gate works as XOR gate.
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f) i) The expression given in part F(i) is [F = A(A +B’)], The S|mp||fted version of this is

Boolean algebra is AT -
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ii) Figure 6 illustrates the simplified version of the Boolean algebra expression given, which

was [F=(A+B)(C+A)], it shows the simplified expression to be [BC+A], it also shows the logic

gate which would be produced from the S|mpI|f|ed expresswn usmg NAND gates.
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iii) Figure 7 illustrates the simplified version of the Boolean algebra expression given, which

was [F = (A + B)C], it shows the simplified expression as [AC+BC], it also shows the logic gate

B ——aH ¥ Logic Converter-XLC1 x
%o 8 & panids out
00D o @@ B 8
L E CD £ F & F Conversions
TR e b s
0 0
gozl o0 1 © 0 e ol
n
gl ¥4 i 5 ) T
005 1 0 1 1
006 11 0 0 1ol SIJF aAB
007 11 1 1
AB -+ 101
AB —» ==
AB — NAND
v
acssC - - >
——— —— = /
B e T T —y—
Figure 7

iv) Figure 8 illustrates the simplified version of the Boolean algebra expression given, which was
[F = (A’+B’+C’)(A+B’+C’)(A + C)(B +C’)], it shows the simplified expression as [AC’], it also shows
the logic gate which would be produced from the simplified expression using NAND gates
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Task 2 - Multiplexer

An arrangement where several inputs can be connected but only one input, 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.
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Task 2:
Figure 9 illustrates the multiplexer which was designed in multisim, the logic converter
has been added in the multiplexer circuit as it is used to prove that the multiplexer circuit is working

correctly by showing the truth table when a supply voltage from a VCC is added one of the branches.
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Figure 10 illustrates the circuit without the VCC connected, the logic converter is then used
to show the truth table of the circuits current state, as the truth table shows, all outcomes are 0,
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Figure 11 illustrates the circuit with the VCC connected, the logic converter is then brought
up to prove the current state of the circuit, as the truth table shows in figure 11, all outcomes are

logic 1 which proves that the multiplexer is working correctly.
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As a final test of the multiplexer circuit, a VCC was connected to two of the branches and
the other two were left without a supply, this means the two which the VCC is connected will be

logic 1 and the other two will be 0, as Figure 12 illustrates, the above statement is true and the
multiplexer circuit works correctly and has been tested.
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Task 3 - Sequential Logic

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

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

complete Table 1.

Table 1 - D-type truth table

Input Outputs
D Q Q
0 0 1
1 0

/

a) Figure 13 illustrates the D-TYPE flip flop being set at 0, as the figure shows, when the

D

Figure 13

Figure 14 illustrates the D-TYPE flip flop being set at 1, as the figure shows, when the
D-TYPE is set at 1, the Q on the D-TYPE is on, as the ‘X1’ led shows.




k) Now connect the clock of J-K flip-flop to the output. Monitoring the clock, Q and
Qsar outputs with LEDs and complete table 2
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Table 2 — JK Truth Table
Input Outputs
J K Q Q
0 0
0 1 0
1 0 1
1 1
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b) Figure 15 illustrates the JK flip-flop with the J set to 0 and the K set to 1, as figure 12
shows, the LED (X2) is on which shows Q’is 1 and Q is 0.

Figure 15

Figure 16 illustrates the JK flip-flop with the J set to 1 and the K set to 0, as figure 13
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(c)

The cross-coupled NAND gates are for switch debouncing. Why are they needed and

how do they work?

Switch debouncing is used to stop electrical components such as counter, from picking
up signals which may be generated by accident, this could give a false reading on the
counter which will affect the accuracy of the circuit.

Cross couple NAND gates are used, to produce a circuit which can latch on, this
means when a signal is generated, it is latched on until the reset is activated, which then
will unlatch the first signal and latch it onto the other signal, and example of this is a set
reset circuit, the set input is activated which is then latched on allowing a constant signal
to be generated, then the reset signal is activated, this will then unlatch the set signal,

d

and latch the signal for the reset.



Task 4 - Using Sequential Logic to Solve Real Problems

Design a synchronous 0-6 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.

Figure 17 illustrates the state table which was produced for the D-type flip flops, this
information will then be used to produce the Karnaugh maps, which will provide the

information for the connections.

Current Next Input |
| QA QB Qc | B
0 0 0 0 0 1 0 0 1
0 0 1 0 1 0 0 1 0
0 2l 0 0 1 1 0 1 1
0 1 1 1 0 0 1 0 0
1 0 0 1 0 1 1 0 1
1 0 1 0 0 0 0 0 0
Figure 17

Figure 18 illustrates the first Karnaugh map which was produced for the first D-type flip
flop, this will show the logic connections for this D-type flip flop.
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Figure 19 illustrates the second Karnaugh map which was produced for the second D-

type flip flop, this will show the logic connections for the D-type flip flop.
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Figure 20 illustrates the final Karnaugh map which was produced for the third D-type flip .

flop, this will show the logic connections for this flip flop when producing it on multisim.
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The next step in designing a counter using D-type flip flops is to produce the design on
multisim using the information gathered from the Karnaugh maps above, the expressions for Da,
Ds, and Dc show what each D-type counter will be connected to, to ensure it works correctly, Da
stands for the first D-type flip flop, Ds stands for the second D-type flip flop, and finally Dc stands for
third D-type flip flop. Using the information:

e Da = QB.Qc+QAa.’Qc, this was used to produce the logic gate arrangement in the top
left corner for the first D-type flip flop, Qg is taken from Q output on the second D-type
flip flop, and it placed in to an AND gate with Qc, Qc is taken from the Q output on the
third D-type flip flop, the (+) represents an OR gate, which is what the output from the
AND gate which Qs.Qc have produced will go into. The Qa.’Qc part will create another
AND gate, this time the output is taken from Qa which is the first D-type flip flop,
another output is then taken from *Qc, which is the lower Q output on the third D-type
flip flop, and placed into the OR gate, the output of this OR gate will then be connected
to the D input on the first D-type flip flop, the (‘) represents a bar, these are clearly
shown on the D-type flip flops in Figure 21

¢ Ds='Qa.’Qs.Qc+QB.’Qc, This was used to produce the logic gate arrangement at the
bottom of the page for the second D-type flip flop, ‘Qa.’Qg.Qc are taken from their
respective outputs on their D-type flip flops, and placed into a 3 input 1 output AND
gate, the output from this AND gate is then placed into one side of a 2 input OR gate,
Qe.’Qc are then taken from their respective outputs on their D-type flip flops and
placed into a 2 input 1 output AND gate, the output of this AND gate is then placed
into the other side of the OR gate, the output of the OR gate is then placed into the D
input on the second D-type flip flop.

e Dc = ‘Qc, this was used to connect the ‘Q output of the third D-type flip flop to the D
input of the third D-type flip flop, this then completed the circuit.

e A5V VCC was added to each CLOCK (CLK) input on each D-type flip flop, this allow

each flip flop to function.



Figure 21 illustrates the completed circuit diagram which was produced using the

information obtained from the Karnaugh maps as dlscussed above
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Figure 21

Figure 22 illustrates the counter being simulated and working, this is done by
connecting a logic analyser which allows cycles of each D-type flip flop to be seen, so this allows

the counter to be tested and checked as this dlagram shows.
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