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Figure 1 – Logic Circuit A) 
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Figure 2 -  Logic Circuit A) MultiSim Circuit
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Figure 3 – Results from Logic Circuit A) converter simulated on MultiSim (17/10/2024)	Comment by Neil Roberts: Q1a CORRECT
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Figure 5 – Logic Circuit B) Multisim Circuit
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Figure 6 – Results from Logic convertor on Circuit B) Simulated on Multisim (17/10/2024)	Comment by Neil Roberts: Q1b Correct
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[image: ]Figure 8 – Logic Circuit C) Constructed on Multisim









Figure 9 – Results from Logic Convertor , Circuit C) Simulated on MultiSim (17/10/2024)	Comment by Neil Roberts [2]: Q1c Correct
[bookmark: _Toc189238866]Task 1 – Write up
For task 1, the first step was to identify the Boolean expression and complete truth tables for three different logic circuits. (These logic circuits can be seen in Figures 1, 4, and 7.)  From constructing the Truth table and discovering the Boolean expression, a Karnaugh map can be produced. The Boolean expression can be simplified using the grouping rules for Karnaugh maps. The circuits were then tested using Multisim software, on Multisim, tests on the circuit were carried out to confirm my truth tables and Boolean expressions. This was simulated using a logic converter component on Multisim. 
Logic Circuit a) From my results taken from Multisim, I can identify that my logic for Logic Circuit a (As shown in Figure 1) is correct. I can see that my Truth table and Karnaugh map produced are correct from the results obtained in Figure 3. The simplified Boolean expression obtained from the Karnaugh Map and the expression produced through Multisim are both the same. Through these results I was also able to identify that I’d built the circuit correctly on Multisim. 
Logic Circuit b) Similar to Circuit a, the results from Multisim confirmed that my logic for Circuit b were correct (Circuit b can be found in Figure 4) As Explained previously the simplified Boolean expression obtained from the Karnaugh Map and the expression produced through Multisim are both the same. Through these results I was also able to identify that I’d built the circuit correctly on Multisim.
Logic Circuit c) shows different results. The truth table constructed and the truth table on Multisim confirm that the logic is correct. However as shown in Figure 9 and my expression from my Karnaugh map, they display different expressions. This is due to the simplified expression from Multisim, grouping the Karnaugh map differently within the simulation. However, both expressions produce the same logic. 	Comment by Neil Roberts [2]: This is very good


[bookmark: _Toc189238867]Task 2 – Boolean Algebra and De Morgan’s Theorem
Simplify the following:
a) 
b) 
c) 

a) 
·  – Distribution Law
·  – Absorption Law
·  – Distribution Law
·  – Distribution Law
·  – Absorption Law
·  – Distribution Law
·  – Distribution Law
·  – Complement Law
·  – Distribution Law
·  ANSWER – Absorption Law 
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Figure 10 – Truth Table and Original Boolean expression shown through Multisim
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Figure 11 – Logic convertor representing simulated & simplified boolean expression, confirming the workings were correct.

[image: ]Figure 12 – Simplified Logic Circuit of Boolean Expression shown in figure 11 (Using NAND Gates)	Comment by Neil Roberts [2]: You did not appy demorgans law yourself only used multisim to obtain the result



 
b) 
·  – 
·  – Distribution Law
· – Complement Law
·  – Identity Law
·  – Distribution Law
·  – Complement Law
·  ANSWER – Identity Law
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Figure 13 – Boolean Expression (b) Simulated through Multisim. 
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Figure 14 – Simplified Boolean Expression simulated through logic converter, confirming workings are correct.
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Figure 15 – Simplified Logic Circuit Built using only NAND Gates, from simplified expression shown in Figure 14.	Comment by Neil Roberts [2]: Demorgans not shown


c) 
·  – Distribution Law
·  – Distribution Law 
·  – Complement Law
·  – Identity Law 
·  – Distribution Law
·  Idempotent Law
·  – Absorption Law
·  – Distribution Law
·  – Idempotent Law
·  – Absorption Law
·  – Distribution Law
·  – Complement Law
·  – Absorption Law
·  – Distribution Law 
·  – Complement Law
·  – Identity Law 
·  – Distribution Law
·  – Complement Law
·  – Identity Law
·  – Complement Law
·  ANSWER – Identity Law 

[image: ]



Figure 16 – Boolean Expression (c) simulated through Multisim.
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Figure 17 – Simplified Boolean Expression simulated using Logic Converter, confirms results of simplification.
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Figure 18 – Simplified Logic Circuit, Built using only NAND Gates using the simplified expression shown in Figure 17


Task 2 involved simplifying 3 specified Boolean expressions, this was completed through following the principles of Boolean algebra, and applying De Morgans theorem, some of the laws include the distributive law, the idempotent law and complement laws. As shown throughout the task, the expressions were simplified in steps using the mentioned laws and procedures. These were simplified so that the expression can solely use NAND gates in a logic circuit, this is where De Morgans theorem is applied. Using only NAND Gates in a logic circuit is the most practical and is essential for hardware implementation, NAND gates are the most useful and flexible components in digital design.	Comment by Neil Roberts [2]: No evidence of applying De Morgans
My simulation results produced confirm the logical workings for Task 2 with each expression matching its simulated equivalent. This proves the correct use of simplification and the laws applicable to Boolean Algebra. 





[bookmark: _Toc189238868]Task 3 - Using Combinational Logic to Solve Real-World Problems
For Task 3 the power system has a safety system that is connected to a logic circuit. The 3 inputs shown in figure 19 determine whether the safety system activates and shuts down the power station. 
[image: ]
Figure 19 – Safety Parameter conditions
[image: ]
Figure 20 – Logic Circuit representing safety parameter conditions 

Figure 20 represents the Conditions Table in logic diagram form, for the next step of the task a truth table will be constructed to extract a Boolean expression and simplify the circuit shown in Figure 20 and the following Boolean expression highlighted.


	G
	R
	W
	
	
	
	G.R
	
	
	Q

	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	0
	1
	0
	1
	1
	1
	0
	0
	1
	1

	0
	1
	1
	1
	0
	1
	0
	0
	1
	1

	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	1
	1
	0
	0
	1
	0
	1
	1
	1
	1

	1
	1
	1
	0
	0
	0
	1
	0
	1
	1


Task 2 – Conditions Truth Table

[image: ]
Figure 21 – Truth Table simulated on multisim to confirm Conditions truth table results
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	00
	01
	11
	10

	G
	0
	0
	0
	1
	1

	
	1
	1
	0
	1
	1





From the Truth table constructed, a Karnaugh map has been developed in order to extract a Boolean expression which is shown below, this expression has then been created into a logic circuit, shown in Figure 22


[image: ]
Figure 22 – Simplified Logic Circuit extracted






From the Boolean Expression extracted from the Karnaugh map, the Boolean expression can be simplified further using Boolean algebra laws and applying De’Morgans Theorem to simplify the logic circuit, the simplification process is shown below:
G.W’+R
G.W’.R
 – De Morgans Applied 
 – Double Negation Law
[image: ]
Figure 23 – Simplified Logic Circuit using NAND Gates. 
The circuit in this task has been simplified down to solely NAND gates through De morgans theorem to reduce the cost and complexity if the logic circuit. “Digital circuits are more frequently constructed with NAND and NOR gates than with AND and OR gates. NAND and NOR gates are easier to fabricate with electronic components and are the basic gates used in all IC digital logic families.” (Morris-Mano, 2016)	Comment by Neil Roberts [2]: Well done


[bookmark: _Toc189238869]Task 4 – Sequential Logic
a.) Flip Flop circuits have two states (0 and 1). These circuits are created to store a single bit. Flip Flop circuits are created by using only NAND or NOR gates. These circuits have either one or two inputs and then two outputs. These outputs are complementary of each other, meaning that if Q output is equal to 1, Q’ must be equal to 0. If the system is then reset and Q’ is equal to 1 then Q would be 0 as two outputs cannot be the same simultaneously. In the rare event that two outputs are the same, this would violate the definition of a flip flop and be called an undefined condition. Being a storage cell, the flip flop allows for information to be latched between clock pulses. The operation of a flip flop circuit is shown in an excitation table rather than a conventional truth 	Comment by Neil Roberts [2]: You have a truth table below
b.) table and will show the functionality of the specific flip flop circuit. 
The most common flip flop is the SR type. It is also the simplest as it only has a set input (S) and a reset input (R). When the Set Input (S) is activated, the output would be high. Once these outputs have been established, the wiring of the circuit is maintained until the set or reset input goes high, or the power is turned off. Below is an example of a truth table for SR Flip Flops. 
[image: A screenshot of a white sheet
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Figure 24- SR Type Flip-flop Truth Table.	Comment by Neil Roberts [2]: 11 gives invalid not infinity

00 gives no change, so depends on previous state
Another type of Flip flop needed due to the undefined state of the SR Flip Flop, this type is the JK Flip flop. This type of flip-flop operates with the states that if the J and K input are different (for example high and low) then the output will take the value of the J input. However, if J and K are both low values, the no changes occur. Then, if the J and K values are both high, the output will differ from one state to another. These flip-flops are extremely useful as they can function as both set or reset flip-flops. 	Comment by Neil Roberts [2]: A set or reset flip flop is a SR flip flop , that is what the letters stand for 
Another popular flip-flop in digital electronics is the D type flip-flop. They are often used in counters, shift registers and input synchronization. With this type of flip flop, the output is only changeable at the clock edge, when the input is changed elsewhere, the output will be unaffected. 	Comment by Neil Roberts [2]: A D type is basically a SR with the two inputs coming from D, one direct and one through a Not gate
Lastly, like a JK flip-flop, there is the T type flip-flop. However, compared to JK Flip-flops, the T type is a single input version. The single input version is formed through connecting the J and K Inputs together. The name T Flip-flop comes from the ability to toggle their state, therefore named Toggle Flip-flops. 
	

D-Type Flip-Flop 
[image: D Flip-Flop Circuit Diagram: Working & Truth Table Explained]









Figure 25 – Symbol of D-Type Flip-Flop

	D
	QN
	QN + 1

	0
	0
	0

	0
	1
	0

	1
	0
	1

	1
	1
	1


                       D-Type Flip-Flop Truth Table





JK Flip-Flop
[image: JK Flip-Flop Circuit Diagram, Truth Table and Working Explained]










Figure 26- JK Flip-Flop Symbol


	J
	K
	Qn+1

	0
	0
	Qn

	0
	1
	0

	1
	0
	1

	1
	1
	Qn’


 Truth Table for JK Flip Flop

	J
	K
	QN
	QN + 1

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	0
	0

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	1

	1
	1
	0
	1

	1
	1
	1
	0


 JK Flip Flop Characteristic Table



Next is to demonstrate the characteristics and excitation truth tables of flip flops to convert a JK Flip-Flop into a D Flip-Flop. The table below shows this:	Comment by Neil Roberts [2]: What is the purpose of the X’s in the table?


	D
	QN
	QN + 1
	J
	K

	0
	0
	0
	0
	X

	0
	1
	0
	X
	1

	1
	0
	1
	1
	X

	1
	1
	1
	X
	0



D Type Conversion to JK Flip-Flop. Excitation table


Karnaugh Map for J
	X
	0

	1
	X


	0	1
0
	1

J = D 
Karnaugh Map for K
	X
	1

	X
	0


	0	1
0
	1
K = 
[image: Toggle Flip-flop - The T-type Flip-flop]




Figure  – 27  D Type Converted into a JK Flip Flop

Task 4b 
[image: ]Task 4b required designing a 3-Bit asynchronous counter using JK flip-flops. The design was constructed through Multisim software and produced results using timing diagram. 

Figure 28 – Up Counter Circuit using JK Flip flops
The circuit in Figure 28 represents the 3 Bit Asynchronous counter using JK Flip flops, the circuit was designed through multisim software and has a logic analyser as well as LED bulbs attached to test that the circuit meets the operational requirements. Please see Appendix A for an example JK Flip Flop Datasheet. 
[image: ]
Figure 29 – Labelled Logic Analyser results from Up counter Circuit
Figure 29 represents the results produced from the circuit shown in Figure 28. The labelling of the results allows for a visual aid to recognise the counters operation. The logic analyser represents ‘A’ as being in the 1 column, ‘B’ represented in the 2 column and ‘C’ in the 4 columns. From labelling and analysing the results produced, I was able to justify that the counter circuit worked as intended with no issues. 


Task 4C
· [image: A screenshot of a computer

Description automatically generated]In Digital Circuits, a fundamental gate used is the XOR (exclusive OR) gate, this gate operates true/high (1) only when the true inputs are odd, in other terms it provides a true output when one and only one input is true.  Its functionality is useful due to its unique requirements. Below is a truth table for the XOR Gate.
Figure 30 – XOR Gate truth table 

[image: ]







Figure 31 – Modified Circuit from task 4b, representing Up/Down Counter

For task 4c, the requirement was to modify the designed counter from task 4b to become both an up and down counter, this was achieved through using XOR gates and adding a switch (as seen in figure 31). 
[image: A screen shot of a computer
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Figure 32 – Logic Analyser of Modified Circuit representing down counter (Shown in Figure 31)
From reading the analyser results shown in Figure 32, it confirms that the added XOR gates, and switch in the circuit have worked as intended. As shown in Figure 32, the results from the logic analyser have been labelled to represent the clock pulses and their values. The labelling of the results helped confirm the functionality of the circuit and provided a visual aid for the counter intended. For the down counter circuit, the switch is positioned as open.
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[image: A screenshot of a computer

Description automatically generated]Figure 33 – Up counter Circuit (Modified Version) 
Figure 34 -  Logic analyser representing up counter.

The next steps taken in the task were to confirm that the up-counter function was still working. This was achieved in the modified circuit through closing the switch, as seen in Figure 33. Through labelling the logic analyser results shown in Figure 34, this confirmed the functionality of the up counter within the modified circuit. 	Comment by Neil Roberts [2]: All correct
[bookmark: _Toc189238870]Task 5 – Using Sequential Logic to Solve Real Problems
Task 5 requires designing a 3-Stage synchronous binary counter using JK flip flops, the counter is to count even numbers from 0-7. For this task state tables and Karnaugh maps have been used to enhance the design and quality of the counter. 
	J
	K
	Qn+1

	0
	0
	Qn

	0
	1
	0

	1
	0
	1

	1
	1
	Qn’


 Truth Table for JK Flip Flop

	J
	K
	QN
	QN + 1

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	0
	0

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	1

	1
	1
	0
	1

	1
	1
	1
	0


JK Flip Flop Characteristic Table

	Qn
	Qn+1
	J
	K

	0
	0
	0
	X

	0
	1
	1
	X

	1
	0
	X
	1

	1
	1
	X
	0


 Excitation Table for JK Flip Flop

I) The tables shown above (Truth, Characteristic and Excitation tables) all relate in various ways. Firstly, the truth table will define the effects of the inputs on the outputs, this then provides information for the characteristic table to simplify this to equation form. The truth table also gives defines the next state (Qn+1) based on the inputs, whereas the excitation table uses this information to show what inputs from J and K are needed to reach the state. The characteristic table describes what happens when inputs are applied, this relates to the excitation table as it works in reverse showing which inputs are needed to achieve the transition, “An excitation table, which provides information about what its (flip-flop) input should be if the outputs are specified before and after the clock pulses.” (Sarkar, 2014).  	Comment by Neil Roberts [2]: What is the purpose of the X’s in the table?

A 3-bit synchronous counter has been designed using 3 JK Flip flops. The purpose of this counting system is to count only even numbers from 0-7 (2,4,6). The binary equivalent of these numbers has been identified through a binary to decimal conversion that has been used to create a truth table. This truth table also shows the next state as shown below. 



	No. 
	A
	B
	C
	A+
	B+
	C+

	0
	0
	0
	0
	0
	1
	0

	2
	0
	1
	0
	1
	0
	0

	4
	1
	0
	0
	1
	1
	0

	6
	1
	1
	0
	0
	0
	0



 Next State Truth Table. 
The next state truth table has now been completed for the even numbers required. To identify the connections between the JK Flip flops, another input/output excitation table is required. This table is completed through combining the next state truth table and the excitation table for a JK flip flop. Please see the relevant table below. 




	No. 
	A
	B
	C
	A+
	B+
	C+
	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


Excitation Truth Table









	BC

	
	00
	01
	11
	10

	A
	0
	0
	X
	X
	1

	
	1
	X
	X
	X
	X



JA = B 

	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	X

	
	1
	0
	X
	X
	1



KA = B

	BC

	
	00
	01
	11
	10

	A
	0
	1
	X
	X
	X

	
	1
	1
	X
	X
	X



JB = 1



	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	1

	
	1
	X
	X
	X
	1



KB = 1


	BC

	
	00
	01
	11
	10

	A
	0
	0
	X
	X
	0

	
	1
	0
	X
	X
	0



JC = 0 

	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	X

	
	1
	X
	X
	X
	X



KC = 0 



[image: A diagram of a circuit

Description automatically generated]
Figure 35 – JK Flip Flop Circuit (Even Counter) 
The Karnaugh maps produced helped identify the circuits inputs and the outputs from each JK Flip Flop (0 or 1) As mentioned, the function of the circuit shown in figure 35 is to count evenly from 0-7 (2,4,6). 
[image: A screenshot of a computer

Description automatically generated]
Figure 36 – Logic Analyser results from Circuit shown in figure 35.
From labelling and analysing the results shown in Figure 36, the even up counter works as intended. In this sequence however the top row (A) represents 4, the middle row (B) is 2 and the bottom row (C) that produces no results in Figure 36 is 1. If I was to complete the circuit again, I would rearrange it so that row A represents 1, row B represents 2 and row C represents 4, this would visually be better and allow for easier analysis. 

[image: ]
Figure 37 – Modified Even counter Circuit
When completing the Karnaugh maps, it was identified that KC could be 1 and 0 due to the Outputs all being represented through X (0 or 1). In Figure 35 the KC output is represented by 0, so to confirm that the Karnaugh map and other workings were correct, Figure 37 represents KC with and output of 1. The logic analyser will then be able to confirm these results.

[image: A screenshot of a computer

Description automatically generated]
Figure 38 – Logic Analyser results from modified circuit. 
From analysing the results produced by the logic analyser, it was confirmed that the Karnaugh map and modified circuit were correct and that KC can be be represented by both 0 and 1, this is evident due to figure 36 and 38 having the same results. Again rearranging the circuit to present the rows in order as 1, 2, 4 would have been aesthetically beneficial. 	Comment by Neil Roberts [2]: Good observation
Task 6 – Logic Families and Their Characteristics
Logic families are significant in industry because all digital systems comprise Integrated Circuits (ICs). This means if all ICs within a digital system are made up of the same logic family, it allows full compatibility. When ICs are made up of different logic families, compatibility is still possible, however, to achieve this, additional compatibility interface techniques are required. Two main types of logic families are used in industry, either used on their own or in a combination. These two families are Bipolar and MOSFET families. 
These two families can then be broken down further into subfamilies. Subfamilies differ due to their various characteristics. One subfamily from the Bipolar family is the Transformer-Transistor Logic (TTL) subfamily, and one from the MOSFET family is the Complementary MOS (CMOS) subfamily. These two sub-families will be covered in this task. 	Comment by Neil Roberts [2]: Transistor	Comment by Neil Roberts [2]: What does MOS stand for?
Both the TTL and CMOS family are built up of various sub-families. Subfamilies all carry different applications and operating values, allowing for quality operations. 
A series of the Transistor – Transistor logic families is the 7400 series; this series was introduced during the 1960s by Texas Instruments and consist of integrated circuits that are commonly used in digital electronics. The components include, logic gates, flip flops etc. The 7400 series originated in Bipolar junction transistor technology, and its versatility allowed for the series to be used in various applications. The 7400 series have since developed into sub families, these sub families have different characteristics to enhance speed, efficiency and noise immunity. Some of the sub families include the low power Schottky (74LS), High speed Schottky (74HSC) and a low voltage (74LVC/74LV). These integrated circuits are extremely compatible and are used in many designs. 
The 4000 series – integrated circuit was introduced in the late 1960s and are a part of the CMOS series, the 4000 series was created as a low power and more versatile version of the 7400 series of TTL chips. The 4000 series allows for simpler circuit designs through lower power consumption, various supply voltages and increased load driving capability. There is a variety of basic logic gates, flip flops, counters and other components included in the 4000 series. Some examples of the 4000 series circuits include the 4011, which is a quad NAND gate, a 4030 which is and XOR gate and the 4040 which is a 12-bit binary counter.  
A comparison to be made between the two families would be the difference in the IC’s that belong to the respective 4000 and 7400 series. As shown in the below figures.



[image: 7400 Series Guide: 74LS00/74HC00 (NAND gates)]


Figure 39 – 7400 Series Quad NAND Circuit






[image: A circuit board with many different colored numbers

Description automatically generated with medium confidence]





Figure 40 - 4000 Series Quad NAND Circuit.




Figures 39 and 40 represent Quad NAND circuits, as seen the NAND gates in each circuit are presented differently, the 7400 has a simpler design with all NAND gates in the same orientation. Whereas the 4000 series has the NAND gates facing each other, in this instance the 7400 presents a more efficient and easier design.


Characteristics
Various characteristics apply to both the CMOS and TTL families, these characteristics will be covered below.


Propagation Delay
Propagation Delay can be described as the time taken for a signal to reach its designated location. TTL sub families have an average propagation delay of 33ns or less depending on the sub family being used within the TTL. For example, a Schottky TTL will have a propagation delay of ~10ns. However, the delay within the CMOS family can differ depending on many variables. Differences in input voltage and ambient temperature will cause propagation delay changes. For a 74HC00 integrated circuit, the propagation delay varies from 7-135ns, this varies depending on the surrounding environment. The table below displays these values.
[image: A screenshot of a computer

Description automatically generated]
 Figure 41 – Table Representing Proposition Delay 




Power Dissipation
Power Dissipation can be described as logic circuits consuming varying amounts of power in operation, for operation, minimal power consumption is the most desirable. This is due to lower power consumption resulting in lower power dissipation. A circuit having lower power dissipation has its advantages, one of these is that the circuit can be compact and reduced in size. When a TTL logic gate has a high output state, it will draw current from the power supply. The formula for power dissipation from a TTL is VCC x LCC. “Power Dissipation in TTL circuits is constant over its range of operating frequencies. For example, the power dissipation of a LS TTL gate is a constant 2.2 mW.” (Zeepedia, 2025)


Noise Margin
For TTL systems, the noise margin can be broken down into two. The low-level noise margin is the difference between 0.8V and 0.5V = 0.3V. Then the high-level noise margin is the difference between 2.7 and 2V = 0.7V. The noise margins for CMOS families vary due to CMOS having the ability to operate with higher input voltages, up to 15V. Therefore, CMOS circuits have a higher noise margin. CMOS circuits can tolerate twice the amount of super imposed noise voltage on the input before errors begin to show in the signals. 
Current Sinking
Current sinking is where a load is connected to a device and the current flows from the supply, through the load and into the device. Within a TTL system, the current-sinking refers to the maximum amount of current that a single pin can carry through the load being connected. A TTL system can have a sink current up to 16mA, whereas some CMOS systems have sink currents up to 100mA. 









Current Sourcing
[image: ]This is where a load is connected to a device in a certain way, and the device then sources the current to the load. This is then the amount of current a pin can supply to an external device. Typically, TTL systems can source up to 40µA. With a CMOS circuit, e.g. 74HC00 being able to source up to 25mA. 	Comment by Neil Roberts [2]: Good detailed research carried out
Figure 42 – Comparison of logic family parameters. 

Appendix A – JK Flip Flop Datasheet
[image: ]
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