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INTRODUCTION 
Digital circuits are developed by binary circuits. Binary digital circuits are circuits whose result can be one only one out of two distinct inputs, where each input state can be represented by specific voltage (Zhao and et.al., 2023). In digital circuit signal can be one of two discrete aspects, where each level can be shown as 0/1 or true/false, such circuits can utilise transistors to developing logical gates in order to carry out Boolean logic. Digital electronics is integral part of the electronics which concerns with designing of digital signals that tends to perform distinct task in order to fulfil different requirement. Following repot is based on creating a digital logical circuit by the use of logical gates, here logic symbols along with the truth tables should be designed, where evaluation of each logic gate will also be made in following report. This report will also be going to cover logical circuit designing for the suitable equations where karnaugh map can also be used to solve the problem, further Boolean expression for the circuit will also be evaluated in the report where description of its truth table can also be shown in report. Further, types and applications of sequential circuits will also be evaluated in the report. 
MAIN BODY  
TASK 1

Generating logic symbols and truth tables 
Logical gates are basic structure of the digital system, where it is an electronic circuit that consists of more than one input and can consists of one output only (LaMeres, 2023). On the basis of specific logic relationship between input and output can be formed. Some of the logic gates are AND, OR and NOT gate, while other universal gates are also found such as NAND, NOR gates that can be easily fabricated and can be used as basic gates for all IC digital circuits. 
A) AND gate 
AND gate a basic digital gate that executes logical conjunction with the use of mathematical logic, this gate acts on the basis of truth table. In this high input which is 1 can results only if all the inputs inserted to AND gate are high which is 1. Further if input ae not high than output can come out as low. It is one of the significant logic circuit where logical multiplication is being performed to deliver an output. 
Equation of AND gate is A*B=Y
Truth table of AND gate is shown below in tabular format-

	A
	B
	Z

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1
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B) OR gate 

OR Gate a logical gate that executes logical disjunction, in this output can be true where any of one input can be true (Volkova and Chipouline, 2023). Also if both inputs are false than it also returns false value. In the both input and output can be presented by distinct voltage levels. The logical or Boolean expression for the logical addition can be represented by addition sign. 
Equation of OR gate is A+B=Y

Truth table for OR gate is shown below-

	A
	B
	Z

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1
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C) XOR gate

This gate stands for exclusive OR gate, it is a special type of gate that can be used in distinct type of computational circuits. XOR gates can be used for carrying out arithmetic operations and calculations. Using XOR gates with binary key can generates encrypted cipher-text. It generates high output only when odd number of high input can be inserted. If there is an even number of high input than output can be generated as low. 
Equation for XOR gates is Y=A⨁B
Y=(A' B+AB')
Truth table for XOR gate is shown below-
	A
	B
	Z

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0
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D)NAND gate

In a digital electronics NAND gate denoted as NOT-AND gate, where it generates the output which is low or false if all the inputs inserted in gates are true (Arafa and et.al., 2023). Therefore, output is always complements to the AND gates, also low result can be obtained when the input gates are high. NAND is also termed as a special type of gate in a digital circuit while also known as universal gate. The logical Boolean equation for the NAND gate can be found when there is complement of logical multiplication. 
Equation of NAND gate is (A.B)'=Y
The logical gate and digital NAND circuit is shown below-
	A
	B
	Z

	0
	0
	1

	0
	1
	1

	1
	0
	1

	1
	1
	0






[image: image4.png]A—1





E) NOR gate

A digital logical gate that executes logical NOR while acts on the bases of truth table. In this True output can be generates when both input values are false, also if one or both input consists of high value than output can be generated as low. NOR gate is generally an outcome of negation of OR operator. The logical Boolean expression for the NOR gate is obtained when compliment of logical multiplication of input is shown with addition sign. 
The equation of NOR gate is (A+B)'=Y
The truth table and digital circuit diagram for NOR gate is shown below-
	A
	B
	Z

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	0





[image: image5.png]



TASK 2

Designing a logic circuit for using software for equations
Logic circuit can implement processing function within a system, where circuits can follow logical operations over information to result an expected output (Divyanshu and et.al., 2023). Logical circuits can use two main values for physical quantity like voltage that shows the Boolean values like 1 and 0 or true and false. Logical gates can have the input and output state, where output is completely dependent on input values. In its diagram the relation from one circuit’s result to other circuit’s input is show as an arrowhead at input side. 
A) Y= (A¯ B) C + A¯ BC¯ + A +¯ C
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Above diagram is showing the circuit designing of the given equation, in this mainly NOT gate, AND and OR gate is being used. First NOT gate is used for showing A bar value, further B input is being inserted into and gate where multiplication of A bar and B is found that further goes to another AND gate with other C input, thus combination of these three input is resulted as A bar BC (Liu and et.al., 2023). Further for (A¯ BC¯) again and gate is used for A Where A is converted into A bar, then AND logical gate is used where one input is A bar and other is B both resulted as A Bar B, again NOT gate is used for complementing C, where it resulted as C bar. In addition, AND gate is used this time input is A Bar B and C bar resulted as A¯ BC¯. For A+¯ C, NOT gate is used for output C bar, again AND gate is being used with the input stream of A and C bar. 
B) Y(A, B,C, D) = ∑m (0,1, 5,6, 9)
In this equation main stream is 0, 1, 5, 6, 9 and input stream are A, B, C, D. Below is the solution of equation where software is being used for performing Boolean expression. 
[image: image7.png]Output Name: Minterms:

One string for function result Comma separated list of numbers
f0,1,5,6,9 0,1,56,9

Input Names: Don't Cares:

Comma separated list of variable names Comma separated list of numbers
a,b,cd

© Sum of Products

® Product of Sums
(very slow with >10 variables)

# Draw Kmap
# Draw groupings

Generic:

f0,1,5,6,9@a,b, ¢, d=ab'c+a'cd+abcd + b'cd

f0,1,5,6,9 <= (notaand not b and not c) or (not a and not c and d) or (not a
and b and ¢ and not d) or (not b and not ¢ and d);

Verilog:
assignfO, 1,5,
&d);

9=(~a&~b&~c) | (~ra&~c&d) | (~ra&b&c&~d) | (~b &~c





In this above image K map (Karnaugh map) solver is used. In digital electronics K map simply design to solve binary expressions while it also simplifies it (DERDOUR, Lebbal and Mouetsi, 2023). K map is a visual approach that assists in simplifying algebraic expressions within a Boolean function. In this mainly 4 variables are found that comprises of 16 different field, where each field corresponds to unique conjunction of input that is main term. In above main stream is being inserted at each field of K map which is shown in below image. 
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Above is the main mapping of Karnaugh map, where 16 field has been identified that carries binary information. In context with the given equation four pair has been made which is 1, 1 horizontally, 1, 1 vertically, 1 from (1 0) and 1 from (01) and last one (1) is single, all this grouping has been shown with different colour line in above image. Therefore, the required Boolean expression of equation is found as- 
a'b'c' + a'c'd + a'bcd' + b'c'd. 
TASK 3

Boolean expression for the circuit and its trust table

Boolean expression can be found by solving a circuit problem for the given task the required Boolean expression is Y=ABC
The required truth table for the task is shown below, where it is looking like an AND gate equation, where output value is only high when all three input values are high, also any of the input value is low then output is also resulted as low (Singh, Rakshit and Hossain, 2023).
	A
	B
	C
	Y

	0
	0
	0
	0

	0
	0
	1
	0

	0
	1
	0
	0

	0
	1
	1
	0

	1
	0
	0
	0

	1
	0
	1
	0

	1
	1
	0
	0

	1
	1
	1
	1


TASK 4
Designing a synchronous counter circuit 
A Synchronous counter circuit consists of the clock input across the flip flops, where it utilises the same source and develops a similar clock signal at same time (Vanlalchaka, Maity and Maity, 2023). Thus counter can be used for similar clock from similar source at same time is termed as synchronous counter. 4-bit synchronous counter can initiate with 0 that is 0000 in binary and its increments the count up to 15 which is 1111 in binary, and then it begins with the new counting cycle by reset function.  Its operating frequency is greater as compared with asynchronous counter. In this rollover can found when most important bit of final state gets discarded. The required diagram for synchronous counter circuit is shown below-
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Truth table 

	Clock clk 
	Clear clr
	QD
	QC
	QB
	QA

	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	1

	0
	0
	0
	0
	1
	0

	1
	0
	0
	0
	1
	1

	0
	0
	0
	1
	0
	0

	1
	0
	0
	1
	0
	1

	0
	0
	0
	1
	1
	0

	1
	0
	0
	1
	1
	1

	0
	0
	1
	0
	0
	0

	1
	0
	1
	0
	0
	1

	0
	0
	1
	0
	1
	0

	1
	0
	1
	0
	1
	1

	0
	0
	1
	1
	0
	0

	1
	0
	1
	1
	0
	1

	0
	0
	1
	1
	1
	0

	1
	0
	1
	1
	1
	1



Above is the required true table where changes in QA, QB, QC and QD is observed when input in clock and clear is made. For an instance when Clock has 0 binary value then in all fields it resulted as zero at the same time. 
TASK 5
Evaluating types and applications of sequential circuits 

The sequential circuits can be defining as special circuit that comprises of different series of input and outputs. In this output can rely on both inputs and previous output, memory elements play a significant role in sequential circuit. It is generally divided into three categories that are as follows:
Event driven: Asynchronous circuit can change when the state can be enabled. Asynchronous sequential circuit: In this behaviour is dependent over input signal which can be updated continuously over a time while output can also be changes at any time. 
Clock driven: Synchronous circuit that can be synchronised to clock signal, in this behaviour can be determine from circuits knowledge that complete synchronisation by the use of clock signal.  
Pulse driven: It is typically a combination of two which responds to triggering pulse. 
Types of sequential circuits

Synchronous circuit: It is a digital circuit where changes in memory factors can be synchronised with the clock signal.  If all result state of sequential circuit change in context with active transition of clock, then such type of sequential circuit is known as synchronous circuit. Therefore, output state of this circuit can be synchronised with either positive or negative side of universal clock signal (Pomeranz, 2023). In a sequential logical circuit, the information can be stored in a memory device which is termed as flip flops. State of synchronous circuit is always predictable that increases its reliability, while it can be easily designed due to its easy mechanism. As per its performance, synchronous circuits are slower in its operation speed because of propagation delay to clock signal. Counters, memory unit and shift registers are typical examples of synchronous sequential circuit. 
Asynchronous circuit: A digital sequential circuit that do not consists of clock signal for synchronisation of inner state changes. It does not need a precise timing control from the flip flops. As compared to synchronous circuit designing of asynchronous circuit is more difficult. In this elements are driven by the handshaking circuits that shows a finishing of set of instructions. Also there are some instances where this circuit can proceed with wrong stage just because of time difference that founds between input arrivals, it also called as race condition. Also designing is difficult because of existence of feedbacks within logical gates that creates instability problems which makes its design more complicated. This circuit can be used for low power and also for high speed processes like digital signal processing unit, internet access etc. 
Application of Sequential circuit 

Sequential circuit can itself operates over memory elements, where application of such circuit can be formed up the memory unit. From tiny memory card to computer memory, application of this circuit is always found. Applications of this circuits are Shift registers, flip flops, counters, clocks, Analog to digital converter and vice versa. 

 State in sequential circuit can be determined by the output value which is dependent on current and existing conditions, in this storage factor is most important for the sequential logic. Thus result of whole storage factor in circuit and binary data comprises of information which is “State of circuit”, this state can be more crucial in identifying the output values. Further binary information can evaluate the state of sequential circuit at the time. 
CONCLUSION
Above report have summarised the digital logical circuit information where different Boolean expression has been made for calculation purpose. Digital logic gates have been designed along with their truth tables and logical symbols, for this purpose logic gates and truth table is generated for AND, OR, XOR, NAND and NOR gate. Moving further report has also included information related to designing of logical circuit for specific given situation, where use of software is being found for resulting the output, also K map is also being used for resulting the suitable output where 3 pairs and 1 individual field is being identified, based on this Boolean expression is generated. Further calculation is performed for the given logical circuit, where equation has been made by inserting input values in NOT, OR, AND gate, further truth table for this circuit is also generated that has represented the AND gate result with one C additional input field. Further description about 4 bit synchronous is found in report along with its truth table, where clock and clear condition is also specified. Lastly discussion is made over types and applications of sequential circuits. 
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