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Introduction –  
  
 Digital systems use logic, which is a state of being either a 1 or a 0 to determine outputs. Sequential 
logic is a commonly used design which essentially a combination system (where outputs is only dependant 
on the inputs) where the outputs are also fed back into the inputs. This allows previously held outputs to be 
used as a current input data stream. Logic states in these systems are maintained until new inputs are 
given (Ferdjallah, 2011). 
  
 
Task 1. 
 
 The goal of this task was to answer a number of questions relating to Boolean equations, 
Demorgans and logic gate circuits. For each question the truth table was determined along with Boolean 
expression, this was then confirmed using multisim to corroborate the results. 
 
Part (A) 
 
 
 
 
 
 
 
 
 
 
 The diagram of the NAND gate shown above was used to solve the truth table for X. This was used 
to show that the expression for the circuit was: 
 

𝑋 =  𝐴̅. 𝐵̅ 
 
 This was repeated using Multisim to give the same results as shown below: 
 

 
 

Part (B) 
 
 
 
 
 
 
 
 
 The diagram above shows a NAND gate acting as a NOT gate. The truth table could be solved by 
inverting the inputs, this gives the flowing formula for the circuit: 
 

𝑋 =  𝐴̅ 

B 

A 

X 

A B X 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 

A 
X 

A X 

0 1 

1 0 

 



 The screenshot on the following page confirms this result as shown using multisim: 
 

 
Part (C) 
  
 
 
 
 
 
 
 
 
 
 

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 0 

1 1 1 1 0 1 
 
 With this task the output of multiple parts of the system was needed to be determined to complete 
the truth table. The diagram above indicates the locations of the multiple outputs. The expression for these 
values as well as the simplified version  
are as follows: 
 

𝑊 =  𝐴. 𝐵. 𝐶̅ + 𝐴. 𝐵. 𝐶 
 

𝑊 =  𝐴. 𝐵 
 

𝑋 =  𝐴̅. 𝐵̅. 𝐶̅ + 𝐴̅. 𝐵̅. 𝐶 + 𝐴. 𝐵̅. 𝐶 + 𝐴̅. 𝐵. 𝐶 + 𝐴. 𝐵̅. 𝐶̅ + 𝐴. 𝐵̅. 𝐶 + 𝐴. 𝐵. 𝐶̅ 
 

𝑋 =  𝐴. 𝐵. 𝐶̅̅ ̅̅ ̅̅ ̅̅  
 

𝑌 = 𝐴. 𝐵. 𝐶 
 

𝑌 = 𝐴. 𝐵. 𝐶 
 
 Screenshots at each stage were taken as proof of results, these are shown below. 
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Results for W: 
 

 
 
 

Results for X: 
 

 
 

Results for Y: 
 

 
 

Part (D) 
 

 
 For this part of the task the aim was to produce a truth table and the Boolean expression, along with 
a redesign the circuit only using two input NAND gates. The truth table and Boolean are shown below. 
 



 
 

A B C X Y Z Q 

0 0 0 0 1  1 1 

0 0 1 0 0  1 1 

0 1 0 0 1 1 1 

0 1 1 0 0 1 1 

1 0 0 0 1 1 1 

1 0 1 0 0 1 1 

1 1 0 1 1 0 1 

1 1 1 1 0 0 0 
 
 Using the truth table above, the Boolean expression is show below. 
 

𝑄 = 𝐴̅. 𝐵̅. 𝐶̅ +  𝐴̅. 𝐵̅. 𝐶 +  𝐴̅. 𝐵. 𝐶̅ + 𝐴̅. 𝐵. 𝐶 +  𝐴. 𝐵̅. 𝐶̅ +  𝐴. 𝐵̅. 𝐶 +  𝐴. 𝐵. 𝐶̅ 
 

𝑄 =  𝐴̅ + 𝐵̅ + 𝐶̅ 
 
 Constructing a circuit using this expression results in an overcomplicated design which can be seen 
below. 

 

 
 

Using Demorgan’s theorem it was possible to convert the expression to represent and NAND gate 
circuit layout using the bars as a guide, the workings out below show this. 

 

𝑄 =  𝐴̅ + 𝐵̅ + 𝐶̅ 

𝑄̅ =  𝐴̅ + 𝐵̅ + 𝐶̅̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ 

𝑄̅ = 𝐴̅̅. 𝐵̅̅. 𝐶̅̅ 
 

𝑄 = 𝐴. 𝐵. 𝐶̅̅ ̅̅ ̅̅ ̅̅  
 
 The NAND gate circuit is essentially a 3-input gate, yet it must be constructed out of 2 input NAND 
components the final design can be seen below. 
 

 
 

 

 

 

 

 



Part (E) 
  
 For this section the aim was to simplify the expressions given only using long form Boolean algebra 
and Demorgan’s, using multisim to verify the results, then design a NAND logic circuit. The first of the 
expressions can be seen below. 
 

𝑄 = (𝐴 + 𝐵)(𝐴 + 𝐵̅)(𝐴̅ + 𝐶) 
 

𝑄 = (𝐴. 𝐴 + 𝐴. 𝐵̅ + 𝐴. 𝐵 + 𝐵. 𝐵̅)(𝐴̅ + 𝐶) 
𝑄 = (𝐴 + 𝐴. 𝐵̅ + 𝐴. 𝐵)(𝐴̅ + 𝐶) 

𝑄 = (𝐴 + (1 + 𝐵̅) + 𝐴. 𝐵)(𝐴̅ + 𝐵) 

𝑄 = (𝐴 + 𝐴. 𝐵)(𝐴̅ + 𝐶) 

𝑄 = 𝐴(𝐴̅ + 𝐶) 

𝑄 = 𝐴. 𝐴̅ + 𝐴. 𝐶 
 

𝑄 = 𝐴. 𝐶 
 
 The simplification of Q showed that no Demorgan’s was necessary as the NAND circuit was equal 
to a AND gate as shown below. 
 

 

 
 For the second half of part E, the Boolean expression below was simplified. 
 

𝑄 =  𝐴. 𝐵. 𝐶̅ + 𝐴. 𝐶̅ + 𝐴̅. 𝐶̅. 𝐷 + 𝐴. 𝐶̅. 𝐷̅ 
 

𝑄 =  𝐴. 𝐶̅ + 𝐴̅. 𝐶̅. 𝐷 + 𝐴. 𝐶̅. 𝐷̅ 

𝑄 =  𝐴. 𝐶̅ + 𝐴̅. 𝐶̅. 𝐷 

𝑄 = 𝐶̅(𝐴̅. 𝐷 + 𝐴) 

𝑄 = 𝐶̅(𝐷 + 𝐴) 

𝑄 = 𝐶̅. 𝐷 + 𝐶̅. 𝐴 
  
 Demorgans was then used to determine the NAND gate setup as shown below. 
 

𝑄 = 𝐶̅. 𝐷 + 𝐶̅. 𝐴 
 

𝑄̅ = 𝐶̅. 𝐷 + 𝐶̅. 𝐴̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

𝑄̅ = 𝐶̅. 𝐷̅̅ ̅̅ ̅. 𝐶̅. 𝐴̅̅ ̅̅ ̅ 
 

𝑄 = 𝐶 ̅. 𝐷̅̅ ̅̅ ̅̅ + 𝐶̅. 𝐴̅̅ ̅̅ ̅̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 

 
With the final equation done the following NAND gate circuit was constructed. 
 



 
 
 
Part (F) 
  
 The final part of task 1 was to design a Binary Code Decimal (BCD) to detect a range between 1010 
to 1111 of numbers that are not used. For this a Karnaugh map was constructed to determine the 
expression output of the device that would result from an unused number. The Truth table for the device 
can be seen below. 
 
  

 A B C D Q 

1 0 0 0 0 0 

2 0 0 0 1 0 

3 0 0 1 0 0 

4 0 0 1 1 0 

5 0 1 0 0 0 

6 0 1 0 1 0 

7 0 1 1 0 0 

8 0 1 1 1 0 

9 1 0 0 0 0 

10 1 0 0 1 0 

11 1 0 1 0 1 

12 1 0 1 1 1 

13 1 1 0 0 1 

14 1 1 0 1 1 

15 1 1 1 0 1 

16 1 1 1 1 1 

 
 For the truth table the output would equal 1 when any of the unused BCD’s are detected, this gave 
the expression: 
 

𝑄 = 𝐴. 𝐵̅. 𝐶. 𝐷̅ + 𝐴. 𝐵̅. 𝐶. 𝐷 + 𝐴. 𝐵. 𝐶̅. 𝐷̅ + 𝐴. 𝐵. 𝐶̅. 𝐷 + 𝐴. 𝐵. 𝐶. 𝐷̅ + 𝐴. 𝐵. 𝐶. 𝐷 
 
 
 
 
 
 



 This allowed the construction of a Karnaugh map to give a simplified version. 

 CD     

AB  00 01 11 10 

 00 0 0 0 0 

 01 0 0 0 0 

 11 1 1 1 1 

 10 0 0 1 1 

 
 From the map and Demorgans the expression could be used to show the NAND gate configuration 
for the circuit. It should also be noted that input D had no effect of the outcome. 
 

𝑄 = 𝐴. 𝐵 + 𝐴. 𝐶 

𝑄̅ = 𝐴. 𝐵 + 𝐴. 𝐶̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

𝑄̅ = 𝐴. 𝐵̅̅ ̅̅ ̅. 𝐴. 𝐶̅̅ ̅̅ ̅ 
 

𝑄 = 𝐴. 𝐵̅̅ ̅̅ ̅. 𝐴. 𝐶̅̅ ̅̅ ̅̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ 
 
 The final expression showed that there would be a shared NAND gate between A and B, another 
between A and C and both outputs would pass through a final gate for the output. This was shown by using 
this design in multisim to confirm the output results as shown below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Task 2 – 
 
 The second part of this assignment will involve the use of a 4 to 1 multiplexer to solve the problem 
of having multiple inputs connected to a single output. A truth table and Boolean equation shown below will 
represent the multiplexer being designed.  
 

INPUT SELECTOR SWITCH OUTPUT (Q) 

 A B  

𝐶0 0 0 𝐶0 

𝐶1 0 1 𝐶1 

𝐶2 1 0 𝐶2 

𝐶3 1 1 𝐶3 

 
From the truth table the Boolean equation is: 

 

𝑄 =  𝐶0𝐴̅𝐵̅ + 𝐶1𝐴̅𝐵 + 𝐶2𝐴𝐵̅ + 𝐶3𝐴𝐵 
 
 These pieces of information allow the design of the multiplexer in multisim, using a probe (X1) to 
indicate the correct output Q. 

 
 
 
 To test the design, the A and B circuits were switched between a 5V source or a grounded circuit to 
imitate wither a logic 1 or 0 respectively. The input options chosen corresponds to the signal input directed 
to the output, for example selecting A1 and B0 would output 𝐶2to the Q. This is shown in figure 1 when both 
inputs are logic 0, Q would equal 𝐶0 Which is the only input that has a voltage source connected to it, this is 

indicated by the active probe. However, when 𝐶1 is selected the probe is inactive, thus proving its 
consistency as shown in figure 2. 
 



 
Figure 1 - Multiplexer channel 𝐶0 connected 

 
 

 
Figure 2 - Multiplexer channel 𝐶1 connected 

 
 
 
 
 
 
 
 
 
 
 
 
 



Task 3 –  
 
Part A -  
 
 The aims of this part were to construct a debouncing circuit in multisim and to connect a D- type flip-
flop as well as a JK flip-flop to the output to record the Q and Q bar outputs of both the circuits. Using the 
information gained a truth table for both types of circuit was formed. 
 The final circuit designed for the D-type shown in figure 3 below represents the debouncing circuit 
shown in the assignment brief combined with the flip-flop chip.  
 

 
 

Figure 3 – D – type Flip-flop debouncing circuit 
 

Using the circuit, a truth table was made as shown below. 
 

Inputs Outputs 

D Q Q̅ 

0 0 1 

1 1 0 

 
 For the second half of task 3 the same was done but with using a JK flip-flop instead of D – type. 
This would much more likely be used in real world scenarios as the JK is a far more commonly used chip 
since it is a more adaptable component that utilises more complex logic, most importantly allowing a toggle 
feature when both inputs are 1 instead of creating an error. Figure 4 below shows the circuit used to 
complete the truth table. 
 



 
 

Figure 4 - JK flip – flop Debouncing circuit 
 

The truth table below was formed from the results taken from the JK circuit. 
 

Inputs Outputs 

J K Q 𝑄̅ 

0 0 0 1 

0 1 0 1 

1 0 1 0 

1 1 0 1 

 
 The JK chip operates by having set operations depending on the inputs given. For JK 00, the 
outputs remain the same with no change, 01 is set, setting Q to 0 with JK 10 is reset putting Q to 1, with Q 
bar being the opposite. The last input of JK 11 will toggle the outputs depending on the last set of outputs 
recorded.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Part B –  
 
 Ripple occurs in most forms of mechanical electrical switches. This phenomenon refers to the 
momentary connections a switch will make with an opposing contact as it moves from one position to 
another, as it makes contact it will bounce off it multiple times. This produces a ripple in the electrical signal 
being transmitted. These ripple signals are problematic in digital systems as they can be interpreted as 
using the switch a number of times each time the switch is used. This is due to the system having an 
number of 0 and 1 inputs within nano seconds, that would be read as a data stream (A.Ellis, 2014). 
 To counteract this problem, using a mechanical switch that limits bouncing can be implemented 
such as a mercury wetted switch, although these are not commonly used due to the toxic nature of the 
metal (A.Ellis, 2014). 
 Presently the use of SR latches is a far safer means to eliminate switch bouncing. This can be done 
by using a number of different designs but for this assignment a NAND SR latch will be used as an 
example.  
 An SR latch will store a binary state while there is power to the system. These latches are built by 
having two NAND gates with the outputs of each gate feeding back into the input of the opposite gate, this 
is called a cross coupled NAND gate configuration. When the set state is activated the non-inverted Q 
output is put to a logic 1, alternatively a high reset input results in a inverted Q output. If both set and reset 
inputs are set to low, the inverted and noninverted Q outputs remain the same.  
 An issue with this design of this type of latch is that the Q outputs can become out of sync if both 
inputs are set to high simultaneously and can result in a race condition (Lipiansky, 2012). 
 A race condition has two possible outcomes, either both gates activate at the same speed which will 
give an indeterminate output. The other possibility is that one gate operates faster than the other, becoming 
logic 1 and overriding the other gate and takes control of the state of the latch (Lipiansky, 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Task 4 –  
 
 The final goal of this assignment is to construct a 3-bit synchronous binary counter which 
incorporates the JK flip flop chip from the previous task. The counter will need to be able to count from 0 to 
7 only using even numbers.  
 To determine the states at which the counter needs to be in to count up evenly, a truth table would 
need to be devised as shown in figure 5 using the excitation table for JK flip flop chips shown in figure _. 
 

Q Q bar J K 

0 0 0 X 

0 1 1 X 

1 0 X 1 

1 1 X 0 

 
Figure 5- JK flip flop excitation table 

 
The Xs within figures 5 and 6 represent don’t cares, where the output of either a logic 1 or 0 and that may 
be used as either for the completion of K maps as necessary.  
 

CLK Q Q Bar C B A 

 C B A C B B J K J K J K 

0 0 0 0 0 0 1 0 X 0 X 1 X 

1 0 0 1 0 1 0 0 X 1 X X 1 

2 0 1 0 0 1 1 0 X X 0 1 X 

3 0 1 1 1 0 0 1 X X 1 X 1 

4 1 0 0 1 0 1 X 0 0 X 1 X 

5 1 0 1 1 1 0 X 0 1 X X 1 

6 1 1 0 1 1 1 X 0 X 0 1 X 

7 1 1 1 0 0 0 X 1 X 1 X 1 

 
Figure 6 - 3-bit binary counter truth table 

 
 Using this true table, each state the counter must be in can be uncovered by using a K map as 
shown below. 
 
JC K map 
 

  BA    

  00 01 11 10 

C 0 0 0 1 0 

 1 X X X X 

 
JC = BA 
 
 
KC K map 
 

  BA    

  00 01 11 10 

C 0 X X X X 

 1 0 0 1 0 

 
KC = BA 
 
 
 
 
 
 



JB K map 
 

  BA    

  00 01 11 10 

C 0 0 1 X X 

 1 0 1 X X 

 
JB = A 
 
KB K map 
 

  BA    

  00 01 11 10 

C 0 X X 1 0 

 1 X X 1 0 

 
KB = A 
 
JA K map 
 

  BA    

  00 01 11 10 

C 0 1 X X 1 

 1 1 X X 1 

 
JA = 1 
 
KA K map 
 

  BA    

  00 01 11 10 

C 0 X 1 1 X 

 1 X 1 1 X 

 
KA = 1 

 
 it is now possible to construct a 3-bit synchronous circuit using the input results from the K maps. 
For this all the CLK inputs must share a common source and the probes used must light up to imitate the 
count of a 3-bit binary counter. Figure 7 shows the concept of the circuit that counts in a standard 
sequence of 1 to 7. 
 



 
Figure 7 - 3-bit synchronous binary counter 

 
 To ensure the assignment briefs counter only goes up in increments of 2, the design must be 
altered to ensure the K map inputs are used on the corresponding JKFF units. As such figure 8 shows the 
changes made to ensure the correct outputs. 

 
 

Figure 8 - 3-bit synchronous binary even counter 
 

 Some key features of this circuit are that the Q output for JKFF C is linked to the reset of the JK 
units and not to the C probe. While testing it was discovered that there would be a momentary activation of 
the probe before reset would occur. This was due to the fact that the counter designed would first count in 
even increments before reverting and count in odd numbers before resetting, to work round this issue the 
reset was used and the C probe disconnected as it is never used in the design. One issue however is that 



using the reset command has left no room for a manual reset switch, which can only be done by 
completing the counting sequence.  
 
 Figures 9 to 11 shows the final in sequence counting performed by figure 8. 
 
 

 
Figure 9 – counter in state 2 

 
 

 
Figure 10 – counter in state 4 

 



 
 

Figure 11 – counter in state 6 
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