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[bookmark: _Toc420137018]Task 1
a)
Figure 1

[bookmark: _Int_lh24zku6]Using the diagram above (Figure 1), a truth table can be created, defining the output of each logic gate. By identifying which gate is being used, such as an AND or OR, with its corresponding input, the gates possible output values can be determined in the truth table below (Figure 2).
Figure 2 – Truth Table
	INPUT
	OUTPUT

	A
	B
	C
	A.B
	B+C
	B.C
	(B+C). (B.C)
	Q

	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	1
	0
	1
	0
	0
	0

	0
	1
	0
	0
	1
	0
	0
	0

	0
	1
	1
	0
	1
	1
	1
	1

	1
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	1
	0
	0
	0

	1
	1
	0
	1
	1
	0
	0
	1

	1
	1
	1
	1
	1
	1
	1
	1



Using the truth table above, an output equation for the circuit can be determined using the output 1’s within the Q column. This equation can be seen below.

From this equation, by using a Karnaugh map (Figure 3), a simplified version of the equation can be found. This is achieved by listing the inputs in the table below and grouping output 1’s into groups of 2, 4 or 8.



Figure 3 – Karnaugh Map
	
	BC

	
	00
	01
	11
	10

	A
	0
	0
	0
	1
	0

	
	1
	0
	0
	1
	0



Q= A.B + B.C
As can be seen, the output has been simplified. Using a simulation software, the circuit is able to be built and tested using a logic analyser. This allows for a comparison between the calculated output and the actual output of the circuit. The circuit can be seen in Figure 4, with Figure 5 confirming the calculated outputs are correct.
Figure 4

Figure 5

These steps were repeated for the following two given logic circuit diagrams.	Comment by Neil Roberts: All correct and well described

b) 
Figure 6

Figure 7 – Truth Table
	INPUT
	OUTPUT

	A
	B
	C
	R
	S
	T
	U
	V
	W
	X
	Y
	Q

	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	1

	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1

	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0

	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0

	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1

	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1

	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1

	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0



Q= 

Figure 8 – Karaugh Map
	
	BC

	
	00
	01
	11
	10

	A
	0
	1
	1
	0
	0

	
	1
	1
	1
	0
	1



Q = 

Figure 9
Figure 10


	Comment by Neil Roberts: 2 page gap???
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c)
Figure 11

Figure 12 – Truth Table
	INPUT
	OUTPUT

	A
	B
	C
	D
	U
	V
	W
	X
	Y
	Z
	Q

	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	1

	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1

	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1

	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1

	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1

	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1

	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	1
	0
	1
	1
	0
	0
	1
	0
	0
	0
	0

	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1

	1	Comment by Neil Roberts: Bottom row is incorrect
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0


Q = A’.B’.C’.D + A’.B’.C.D’ + A’.B’.C.D + A’.B.C’.D’ + A’.B.C’.D + A’.B.C.D’ + A’.B.C.D + A.B’.C’.D’ + A.B’.C.D’ + A.B.C’.D’ + A.B.C.D’

Figure 13 – Karanaugh Map
	
	CD

	
	00
	01
	11
	10

	AB
	00
	0
	1
	1
	1

	
	01
	1
	1
	1
	1

	
	11
	1
	0
	0	Comment by Neil Roberts: Should be 0
	1

	
	10
	1
	0
	0
	1




Q = 

Figure 14

	Comment by Neil Roberts: This is different to your truth table, you should have compared them, you also made no comparison for Q1bFigure 15







[bookmark: _Toc1555350674]Task 2
For this task, three Boolean expressions were given to be simplified using the laws of Boolean algebra and Demorgans Theorem so that only NAND gates could be used for its construction.
a) 
Q	 = A.B+ A.B̅.C + A̅.B.D + A.B̅.D̅
 = A.(B + B̅.C) + A̅.B.D + A.B̅.D̅
= A.(B + C) + A̅.B.D + A.B̅.D̅
= A.B + A.C + A̅.B.D + A.B̅.D̅
= A.C + B.(A + A̅.D) + A.B̅.D̅
= A.C + B.(A + D) + A.B̅.D̅
= A.C + B.A + B.D + A.B̅.D̅
= A.(C + (B + B̅.D̅)) + B.D
= A.(C + (B + D̅)) + B.D
= A.C + A.B + A.D̅ + B.D
= A.C + B.D + A.D̅
Applying DeMorgans Theorem





Using a simulation software, the original Boolean expression was input into the logic analyser (Figure 16) and simplified using the “SIMP” function (Figure 17). The results were compared to the calculated simplified expression to ensure accuracy. This proved the calculations to be correct.
 	Comment by Neil Roberts: These are both missing the bottom 2 linesFigure 16
Figure 17

After confirming the simplified Boolean expression was correct, the software was used to build an appropriate circuit to represent said function (Figure 18). These steps were repeated for the following two expressions.	Comment by Neil Roberts: Is this circuit what you would expect?

Figure 18

b) 
Q = A̅⋅B̅⋅C + A̅⋅B⋅C + A⋅B̅⋅D + A⋅C
= C. (A̅⋅B̅ + (A̅⋅B + A)) + A⋅B̅⋅D
= C. (A̅⋅B̅ + B + A) + A⋅B̅⋅D
= C. ((A̅⋅B̅ + B) + A) + A⋅B̅⋅D
= C. (B̅ + B + A) + A⋅B̅⋅D
= C. (1 + A) + A⋅B̅⋅D
= C + A⋅B̅⋅D
Applying DeMorgans Theorem

	Comment by Neil Roberts: Missing last 2 rows again
Figure 19
Figure 20

Figure 21



c) 
Q 	= (A+B̅). (A̅+B). (B+C̅). (A+C)
= A. (A̅+B). (B+C̅). (A+C) + B̅. (A̅+B). (B+C̅). (A+C)
= A̅A. (B+C̅). (A+C) + A.B.(B+C̅). (A+C) + B̅.A̅. (B+C̅). (A+C) + B̅.B.(B+C̅). (A+C)
= 0 + A.B.(B+C̅). (A+C) + B̅.A̅. (B+C̅). (A+C) + 0
= A.B.B.(A+C) + A.B.C̅. (A+C) + B̅.A̅.B.(A+C) + B̅.A̅.C̅. (A+C)
= A.B.(A+C) + 0 + 0 + B̅.A̅.C̅. (A+C)
= A.B.A + A.B.C + B̅.A̅.C̅. A + B̅.A̅.C̅̅.C
= A.B + A.B.C + B̅.C̅.0 + B̅.A̅.0
= A.B + A.B.C
= A.B


Figure 22

Figure 23

Figure 24


[bookmark: _Toc813927110]Task 3
Within the power station safety logic system, when S=1, the power station should shut down. Using the given table and list of parameters, a truth table is able to be constructed to determine when S=1. As can be seen in the given parameter table, S=1 when gas temperature > 160 C AND water temperature <= 120C OR gas temperature <= 160C AND reactor pressure > 10 bar OR water temperature > 120C AND reactor pressure > 10 bar. Using this, it is known that when as temperature > 160, logic 1 is produced, when water temperature <= 120C, logic 0 is produced, when gas temperature <= 160C, logic 0 is produced, when water temperature > 120C, logic 1 is produced and when reactor pressure > 10 bar, logic 1 is produced. First, as can be seen in the truth table below (Figure 25), as gas temperature <= 160C = logic 0 and water temperature <= 120C = logic 0, parameters G and W must be inverted to produce NOT W and NOT G. Using the parameter list, G and NOT W must be put into an AND gate, NOT G and R must be put into an AND gate and W and R must be put into an AND gate. This will give the outputs (S) seen below.
Figure 25 – Truth Table
[image: ]


After determining the output expression, a circuit can be constructed as can be seen in Figure 26.
Figure 26

Using a simulation software, the output can be confirmed using a logic analyser (Figure 27).
[image: ]
Using a Karnaugh map (Figure 28), the output expression can be simplified.






Figure 28 – Karnaugh Map
[image: ]
Using the expression obtained from the Karnaugh Map, a simplified logic circuit can be constructed (Figure 29).
Figure 29

In terms of constructing a logic circuit, it is often preferred to construct the circuit using only one type of logic gate, typically these are NAND gates. The reasoning behind this is that keeping logic gates the consistent throughout the circuit requires less materials, less power and generally costs less. Demorgans theorem can be used to calculate the required output using only NAND gates. To calculate this on the output above, the OR would be replaced by an AND. Each side of the AND would then be inverted. After this, the whole output would also be inverted. The NAND gate output can be seen below, along with subsequent circuit (Figure 30).
[image: ]
	Comment by Neil Roberts: Is this what you expected to get?
Figure 30













[bookmark: _Toc931842844]Task 4
Flip-flops are digital circuits that have two stable states and the function of storing binary data within sequential logic circuits. The output of a flip-flop changes based on the inputs and clock signals. A D-Type flip-flop is a variation of a flip-flop. The output of a D-type takes the value of the input through clock pulses. When the clock reads logic 1, the value is taken from input D, when the clock reads logic 0, the output is able to read its previous state. JK flip-flops are yet another variation of a flip-flop, which has two inputs. In a three-input asynchronous counter, the flip flop toggles on a rising edge of clock pulse. The second flip-flop within a circuit will then toggle on falling edge of the first flip flop and rising edge of clock and so on. The truth table for a D-type and JK flip-flop can be seen below.	Comment by Neil Roberts: This happens usually on a rise or fall and is not linked to previous state	Comment by Neil Roberts: How does it work?	Comment by Neil Roberts: The second is not triggered by the clock.
 Figure 31
Figure 32

In order to convert a JK flip-flop into a D-type, the JK flip-flop must be able to mimic the characteristics of the D-type, where the output Q follows the input D on the rising edge of the clock pulse. By using J=D and KD’, the input of the JK flip-flop can mimic the D type. So, when D=1, J will read logic 1 and K will read logic 0, setting the output to logic 1. When D=0, J will read logic 0 and K will read logic 1, setting the output to logic 0.	Comment by Neil Roberts: No evidence to support this






a) Up Counter	Comment by Neil Roberts: b) not a)
Using simulation software, a 3-bit asynchronous up counter was created using JK flip-flops (Figure 33). The circuit was tested under simulation conditions through a logic analyser to ensure it functioned correctly (Figure 34).
Figure 34
Figure 33

The output from each JK flip flop is either 1 or 0. When each JK flip flop output is aligned, it forms a column of either 1’s, 0’s or both. These aligned output columns can be compared to the binary codes for numbers. As this is a three-input circuit, there are eight different outputs. The output and its equivalent number can be seen below. 
Figure 35 – Binary Number chart
	A
	B
	C
	Number

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	0
	2

	0
	1
	1
	3

	1
	0
	0
	4

	1
	0
	1
	5

	1
	1
	0
	6

	1
	1
	1
	7



By looking at Figure 34, it can be seen that the binary numbers within each column correlate to a number within the table. It can be confirmed that this counter is counting up.
















b) Down Counter
Using the same simulation software, a down counter was created and tested which can be seen in figure 36. The results from the logic analyser can be seen in figure 37, which confirmed it functioned correctly.
Figure 38
Figure 39



4c) Up and Down Counter (with switch)	Comment by Neil Roberts: Can you explain why the XOR gates are there?
Below shows the up and down counter circuit with its switch open. This should form a down Counter. Using a logic analyser, the results from this configuration have been noted below.
Figure 40

Figure 41


Below shows the up and down counter circuit with its switch closed. This should form an up Counter. Using a logic analyser, the results from this configuration have been noted below.

Figure 42

 Figure 43

The logic analyser was able to confirm the function of this configuration. As can be seen, the counter is counting up from 0 to 7. In terms of practical applications, switched UP/DOWN counters are often used in automation systems. In a particular case, automated car park systems may use these types of counters to keep track on the number of cars entering and exiting a carpark. 




























[bookmark: _Toc1528666729]Task 5
For task 5, a 3-stage synchronous binary counter must be constructed using JK flip-flops which is able to counter upwards from 0 to 7 in even numbers. Prior to constructing the circuit, a truth table, characteristic table, excitation table and state table were compared to identify the key characteristics required by the system. These can be seen across figures 44, 45, 46 and 47.

Figure 44 - Truth Table for JK Flip Flop
	J
	K
	Qn+1

	0
	0
	Qn

	0
	1
	0

	1
	0
	1

	1
	1
	Qn’



Figure 45 - Characteristic Table for JK Flip Flop	Comment by Neil Roberts: Table should be on one page not split
	Qn
	J
	K
	Qn+1

	0
	0
	0
	0

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	1

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	1

	1
	1
	1
	0



Figure 46 - Excitation Table for JK Flip Flop
	Qn
	Qn+1
	J
	K

	0
	0
	0
	X

	0
	1
	1
	X

	1
	0
	X
	1

	1
	1
	X
	0








Figure 47 – State Table	Comment by Neil Roberts: How was this created?
	
	Current State
	Next
State

	State
	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



From here, six Karnaugh maps were created for each input of the JK flip flops. These can be seen below. The X’s within the maps represents a “don’t care” condition, meaning that specific input combination is not relevant to the functionallity of the JK flip-flop system.
Ja
	
	BC

	
	00
	01
	11
	10

	A
	0
	0
	X
	X
	1

	
	1
	X
	X
	X
	X



JA = B
Ka
	
	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	X

	
	1
	0
	X
	X
	1


KA = B

Jb
	
	BC

	
	00
	01
	11
	10

	A
	0
	1
	X
	X
	X

	
	1
	1
	X
	X
	X


JB = 1

Kb
	
	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	1

	
	1
	X
	X
	X
	1


KB = 1


Jc
	
	BC

	
	00
	01
	11
	10

	A
	0
	0
	X
	X
	0

	
	1
	0
	X
	X
	0


JC = 0
Kc
		Comment by Neil Roberts: This could be 0 or 1
	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	X

	
	1
	X
	X
	X
	X


KC = 1
Using the data above, a three-bit syncronus counter was created using simulation software (Figure 48) to ensure it functioned correctly. By looking at figure 49, it can be seen that the counter worked as intended, counting from 0 to 7 in even numbers (0,2,4,6).
Figure 48


 Figure 49


As previously seen, KC=1. This is becuase the karnaugh map for KC consisted of 8 ”dont care” conditions, which means it could a logic value of either 1 or 0. Figure 49 shows the results from having KC=1, however, if KC=0, in theory there would not have had an effect on the results. To verify this, the circuit was reconstructed with KC=0 to ensure this was the case. This can be seen in Figure 50 and 51.
	
	BC

	
	00
	01
	11
	10

	A
	0
	X
	X
	X
	X

	
	1
	X
	X
	X
	X


KC = 0


 Figure 50

Figure 51





[bookmark: _Toc1610163888]Task 6
Within digital integrated circuits, logic families refer to groups of compatible integrated circuits (ICs) that share similar electrical characteristics and are constructed using the same semiconductor technology. ICs within a logic family typically operate at the same supply voltages and logic levels, ensuring predictable performance. These families are used to construct logic gates, which perform basic logic operations such as NOT, AND, and OR.
The key electrical characteristics of logic families include voltage supply range, power dissipation, response speed, and input/output logic levels. Since ICs within the same logic family are designed for seamless interoperability, it is generally advisable to use components from the same family when designing a digital circuit to ensure compatibility. Whilst ICs from different logic families may not always be directly compatible, some may interface correctly under certain conditions. Logic families are characterised by both their electrical parameters and the underlying semiconductor technology used in their fabrication.
All logic families are classified into two groups, that being bipolar junction transistors (BGT’s) and metal-oxide-semiconductor field-effective transistors (MOSFET’s). An example of two logic families used are the 4000 CMOS (complimentary metal-oxide semiconductor) and the 7400 TTL (transistor-transistor logic) series. The CMOS logic family is typically used for digital integrated circuits, with its logic gates constructed using MOSFET transistors. These have “three terminals consisting of a metal gate, and insulating layer (oxide) and a semiconductor channel” [GeeksforGeeks. (2024)]. The TTL logic family has its logic gates constructed with BJT’s, also consisting of three terminals, which include a base, an emitter and a collector. These are widely used within the construction of integrated circuits. 	Comment by Neil Roberts: BJT
The supply voltage range of a 7400 series TTL circuit has value of 5V. As a TTL circuit is fabricated using bipolar junction transistors, a stable power supply is required for them to function effectively. On the other hand, a CMOS 4000 series circuit has a greater supply voltage range, from 3V to 15V, due to the fact that MOSFETS operate at a larger varied range of voltage supplies. In terms of the speed of response, a typical TTL circuit will have a propagation delay of 10ns per gate, with an operating frequency of up to hundreds of MHz, depending on the 7400 series sub-family. CMOS circuits will have a slower speed of response, with a propagation delay between 50ns and 200ns per gate, dependant on load conditions. The CMOS series will have an operating frequency less than 1MHz.
Dissipation of power is determined by the power consumption of a circuit. A circuit with a higher power dissipation is less efficient, due to increased heat generation and energy consumption. When a circuit is static and not switching, TTL devices have a dissipation value of anywhere between 10mW and 50mW, this is because of the constant current flow through transistors even when idle. “During switching states, its power dissipation can vary between 4mW and 100mW” [Maini, A.K. (2007)]. This value is higher because a larger current flow is required as the gates within the circuit are required to charge and discharge. When idle, CMOS circuits have an extremely low power dissipation, which is almost negligible. Even during switching, these circuits consume anywhere between low micro-Watts to tens of milli-watts, making CMOS much more power effective.
“Input and output logic levels within IC’s can be described as the voltage range in which binary logic states read HIGH (1) or LOW (0). These voltage levels vary between different logic families” [Electrical4U (n.d.)]. For a 5V TTL circuit, the input logic levels are anything greater than 2V to be considered HIGH (1) and anything to be considered LOW (0), to be less than 0.8V. In terms of output, any value over 2V will be recognised as HIGH (1), and anything under 0.4V is identified as LOW (0). As voltage supply ranges in which a CMOS circuit can function can vary, the circuits logic levels can also vary. For a CMOS circuit with a 5V voltage supply, a minimum of 3V is required for an input logic HIGH (1) and a maximum of 1.5V is required for a logic LOW (0). In regaurd to output logic level, the CMOS circuit requires a value close to the supply voltage for a logic HIGH (1), in this example anywhere between 4.5V and 5V. For a logic LOW (0), typically a value close to ground such as 0V to 0.5V is required. CMOS logic levels are considered for efficient due to lower power consumption, whilst TTL logic levels are more effective for high-speed switching.
Noise immunity can be described as the amount of noise that a circuit can withstand without affecting its performance. Noise margins define the voltage difference between logic levels and the minimum levels required for a circuit to function effectively. CMOS circuits have a significantly larger immunity to noise in comparison to TTL circuits, having a noise margin of 1.4V for both a logic HIGH (1) and LOW (0) with a 5V supply, where a TTL circuit will have a noise margin of 0.7 for a voltage HIGH (1) and 0.4V for a voltage LOW (0).
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