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Introduction

Background theory on logic systems

A kind of electronic circuit design for storing and manipulating information is sequential logic. It's
different from combinational logic, which is used to create logic gates and circuits that perform
basic logic operations such as AND, OR, and NOT. The circuit's output can be determined by the
current inputs only in sequential logic, and then also by past states of the circuit. “The answer is that we

can’t predict the final outcome” —bedford-computing.co.uk, page 6. This means that sequential circuits have

memory and can retain information even when the inputs change. Flipflops and registers are two
of the most common types of sequential circuits. Furthermore, flipflops are also described as

“bistables” — Programmable Logic Controllers, Bolton.W. ISBN:9780080961859. Page 61. This is because they've

Not worlh referen oMg

got two different states. Appropriate inputs can switch it from one to the other. The flipflop is an easy two
state device to store a single bit of information. It's got two inputs: a clock and a data input. When
the flipflop changes its state, the clock input determines the new state, and the data input
determines the new state. To describe sequential circuits' behaviour, diagrams or tables which
show the different states in which they can be located and how it is shifted from one to another
according to its inputs and current state are used. In a wide range of applications, including
computer memory, digital signal processing and control systems, sequential logic is used. Itis a
fundamental concept in digital electronics and it's very important for the design of complex digital
circuits. A low-level programming language that computers use to execute instructions is Binary,
which also means machine language. the language is called binary. A “binary system is based on
just two digits: 0 and 1”- Programmable Logic Controllers, Bolton.W. ISBN:9780080961859. Page 6., which
means that there are only two possible digits or states: 0 and 1. The sequence of 0 and 1s,
represents every digit with an instruction within. For example, if you insert two digits and store the

data in memory or move your records from one register to another, each code corresponds to a


http://bedford-computing.co.uk/learning/wp-content/uploads/2016/04/Chapter-3-Sequential-Logic.pdf

specific operation. The only language that computers can understand directly is binary because
it's the language that the computer's processor can execute. However, programming in a binary
language is very hard for humans because the codes are complex, and they make mistakes

easily. 72'4/ M U’N/Y aélf-weﬂl SC%%LQ /"ﬁ/-é .

Task 1 - Combinational Logic

Ao0— A B X
() X 0 0 1
5 0 1 1
0 1 0 1 /
1 1 0

x=n+B / :TQJ-E = A.D
In figure one shows the multisim circuit and the truth table this matches the truth table that
was filled out
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In figure two shows the multisim circuit and the truth table this matches the truth table that
was filled out
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In figure three shows the multisim circuit and the truth table this matches the truth table that
was filled out
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From the truth table above the logic function of W, X and Y is simplified and stated as .

For W
/

W =A.B 2 input AND gate
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Boolean Expression
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ABC + ABC + ABC + ABC + ABC + ABC + ABC
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Looking at the truth table and the Karnaugh map. the Boolean expression can be simplified. By
using the Karnaugh map above. We can group the logic ones and simplify the final answer.
There are three groups this means there is three parts to the simplified answer. The first group
is coloured in red the only value that remains true is C this is the first section of the equation.
The second section is coloured in green again the only value that doesn’t change is A. The last
group is coloured in blue the value that remains is B. The final equation is C + A + B. In figure 4
the first draft of converting the other logic gates by using the NAND gate equivalent.
Furthermore, the green lines represent where two NAND gates cancel each other out. In figure
4 this shows the new diagram with all the changes by only using three NAND gates.

Furthermore, in figure 4.1 shows the truth table and this matches the truth table above.
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There are_more stegs’to aid the simplifications. Reason being is to lower the number of gates
used theory this helps to simplify the overall circuit needed to provide the same task with fewer
gates needed. This makes the overall costs lower and less chips needed. Using NAND gates
instead of using other types of gates has its benefits for example, according to the website
analog.com they say that NAND gates are used because they help detect if a signal input is
low. Furthermore, it also states that NAND gates are more effective and easier to implement.
Also, it is important to simplify the NAND gate as much as possible because the fewer chips

used mean less expense. v/
Part (E)

Equation1 Q= (A+B)(A+ B) (A+C) /

Q= (A+C0AA+(A+C)AB+(A+B)(A+ O)B
Q= (A+C0A+(A+C0AB+(A+ B)(A+ CO)B /
Q= (A+0A+(A+B)(A+CO)B

4

Q= AA+AC+ (A+B)(A+ CO)B


https://www.analog.com/en/design-center/glossary/nand-gate.html#:~:text=What%20are%20NAND%20gates%20used,to%20windows%20and%2For%20doors

Q=0+AC+(A+B)(A+0O)B
Q=AC+(A+B)A+0)B /
Q=AC+(A+C)BA+ (A+C)BB
Q=AC+(A+C)BA+0

Q= AC+ (A+C)BA

Q = AC + BAA + BAC

Q = AC+ 0+ BAC /
Q = AC + BAC
Q= AC

Equation 2

Q=ABC+AC+ACD+ ACD

Q = AB.C+ AC+ ACD + ACD

)

Q=ABC+AC+ (A+ C)D Nob ¢ore whwk
Q=ABC+AC+ (A+ OOD+A+ C+ D Yow cne M'ﬁ 7

Q=AC+ (A+CO)D+A+C+ D

Q=[A+CD+A+C+ D

Q=4+C+D X
By using multisim the simplified equations can be produced into a NAND gate circuit figure 5

shows the NAND gate version of equation one. Furthermore figure 5.1 is the circuit diagram of
equation two by using NAND gates.

Figure 5
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Figure 5.1

The table below shows the truth table of the BCD or Binary Coded Decimal. From this a

Karnaugh map has been created from the truth table.
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Looking at the Karnaugh map above. To simplify the final equation the term Grouping is used this
involves collecting and evaluating the logic ones to simplify the final answer. From this the final
equationis Q = A.B + A.C by using multisim this helps to create a logic gate circuit by onjy
using NAND gates can be seen in figure six this shows the circuit that has been created.
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Task 2 - Multiplexer

Input Selector switch Output
A B
CO 0 0 CO
C1 0 1 C1
C2 1 0 C2
C3 1 1 C3

Boolean Equation
Q = C0.AB + C1. AB + C2.AB + C3.AC

/

By using multisim the multiplexer circuit From figure 7 to figure 7.2 shows the multisim circuit and
the different outputs showing the different voltages.

vcec

5.0v
s2
A
B Key = Space
= 81 L
a | i
v Key = 5_pace S =
vcc
5.0V 3
o0 €0 e 1
[ = o ol
4
c1 € I /
B ' Q.
: L .
c2 = =
B B
. . L .
c3 € =
[ |
vee vee
ffffff 5.0V _— T sov
. . Cos2 . . . | sz
A ; i } t
B Key = Space | A B I = |
0 Lo bos 1 . . . bl 0 Ry vishadl
A : B : - - : : A s
X7 : X7 Key = Space - = : : : : V X7 Key = Sp : =
vee : vee
5.0V
. Co v sV o ve
=,
DC" c1 €
=
c2 €
= <
c3 € /
= i

Figure 7.1

Need a 9"wl’0mc—.~t a/(:ov‘" h}sbl\:ﬁ.

Figure 7.2



(@)

Table 1 - D-type truth table

Figures 8 to 8.1 shows the d type flip-flop in both states this is created by using multisim.

- L CRERy = Space - |-

(b)
Table 2 — J-K truth table

Task 3 - Sequential Logic

Input

Outputs

D

Q

Q

0

1

0

Figure 8
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Figure 8.1

Input
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figure 8.2 to 8.3 shows the JK flip-flops in two different states is shown by using multisim.
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(C)

An electrical signal from the switches and buttons may be loud and unpredictable, which can
sometimes cause several changing events like. The term “bounce” is used.” bounce can occur, and
the contacts do not make or open cleanly. Because they involve an elastic member, they bounce back and
forth like an oscillating spring” — Programmable Logic Controllers, Bolton.W. ISBN:9780080961859page 30
when pressing or releasing a button. A simple switching circuit is seen in figure 9. In addition, a /
graph that helps to see the fluctuations in the switch speed is displayed next to the circuit. By
using the bouncing signal to drive a feedback loop which controls the output of the circuit until the
latch is shut down, cross coupled NAND gates work. Two NAND gates are connected in a
feedback loop and their output is linked to another NAND gate's input. With the NAND gates as
inputs, this is shown in figures 8 to 8.3. When the switch is first pressed, the input of one NAND
gate goes high, causing the output of the other NAND gate to go low. This low output is feeding
back into the first NAND gate, which is causing the output to increase. This results in a positive
feedback loop, which stabilizes the output of the circuit. The graphs of the debounced widow are
presented in figure 9.1. It will start to detect the change, and once that state is changed, it will be

checked.
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Task 4

Using Sequential Logic to Solve Real Problems

Table one shows the truth table of a JK flip-flop.
X =don't care

Table-1
Present Q Next Q J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0 /

Table two shows the truth table created for the counter.

Table - 2

Present Next
Qa |Qb |Qc |Qa |Qb |Qc |Ja |Ka |Jb |Kb |Jc |Kc
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The following Karnaugh maps were created with the use of Table 2. The final circuit could be
made easier through the creation of these Karnaugh diagrams. Below you will see all Karnaugh

maps which have been prepared for this task.
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The use of these Karnaugh maps has helped to create a sequence logic counter with JK flipflops.
In each of these states, the counter is shown below. The counter is at 000 as shown in Figure 10
and this indicates the counter has not been activated. The system's status changes to 010 once
the switch is switched twice. The blue light, which indicates the second number, is shown in Figure

10.1. The state changed to 100 again after a second flicker of the switch and is now number four



in figure 10.2. Finally, the final switch that flickers the state to 110 is now the final state change

this number is now saying 2 and 4 with this information, the operator simply adds 4 and 2

equalling 6.
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