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QUESTION 1
(i) Design a Mod 6 counter using J-K flip-flops for an asynchronous sequential circuit. This counter will be used to monitor operational stages in a digital control system based appliances. Your Solution Should include the following.
(a)  State Diagram to illustrate state transitions.				[4 Marks]
(b) State transition table 							[4 Marks]
(c) State Assignments.								[2 Marks]
(d) Excitation Table for determining input requirements.			[5 Marks]
(e) Simplified K-Map Expressions for logic minimization.			[6 Marks]
(f) Logic Diagram to represent the final gate-level design.			[4 Marks]
SOLUTION
(a) State Diagram							
[image: A diagram of a circular diagram

Description automatically generated]	[4 Marks]
(b)  State Table								
[image: A screenshot of a cellphone

Description automatically generated]				
									[4 Marks]
(c) State Assignment							
a  --->  000
b  --->  001
c  --->  010
d  --->  011
e  --->  100
f  --->	101
									[2 Marks]
(d) Excitation Table							
[image: A table with numbers and letters

Description automatically generated]
									[5 Marks]
(e) Simplified Expressions using K- Map			
							[1 Mark]
							[1 Mark]
							[1 Mark]
							[1 Mark]
							[1 Mark]
							[1 Mark]



(f) Logic Design.								
[image: A diagram of a machine

Description automatically generated]
											[5 Marks]
QUESTION 2
(i) In a vending machine, the system needs to detect a specific sequence of button presses that represent a valid order code (1011) before dispensing an item. The machine should only dispense an item when this exact sequence is entered correctly, without any overlap between sequences. Once the sequence is detected, the circuit should reset to allow the system to detect new sequences.

Design a Synchronous Circuit that detects the non-overlapping sequence 1011 and outputs a '1' to trigger the machine.  
[bookmark: _Hlk180788317]Your Solution Should include the following.
(a) [bookmark: _Hlk180788383]    Block Diagram of the sequence detector.				[1 Mark]
(b)     State Diagram to illustrate state transitions.			[4 Marks]
(c)  State transition table and State Assignments.			[4 Marks]
(d) Excitation Table for determining input requirements.		[4 Marks]
(e)     Simplified K-Map Expressions for logic minimization.		[6 Marks]
(f) Logic Diagram to represent the final gate-level design.		[4 Marks]
SOLUTION
(a) Block Diagram
[image: A grey rectangular sign with black text

Description automatically generated]
											[1 Mark]
(b) State Diagram
[image: Diagram

Description automatically generated]	
												[4 Marks]
(c) State Table 
	PS
	NS
	Z

	      (y1, y0)
	(x=0)
	(x=1)
	Z(x=0)
	Z (x=1)

	A
	A
	B
	0
	0

	B
	C
	B
	0
	0

	C
	A
	D
	0
	0

	D
	C
	A
	0
	1


												[3 Marks]
State Assignments 
A00;  B01; C10; D11
												[1 Mark]


	PS
	NS
	Output( Z)

	        (y1, y0)
	(x=0)
	(x=1)
	Z(x=0)
	Z (x=1)

	00
	00
	1
	0
	0

	01
	10
	1
	0
	0

	10
	00
	11
	0
	0

	11
	10
	0
	0
	1


										
										[2 Marks]
(d) Excitation Table 
	
         x
	PS
	NS
	D Flipflops
	Output

	
	y1
	y0
	Y1
	Y0
	D1
	D2
	Z

	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	1
	0
	1
	0

	0
	0
	1
	1
	0
	1
	0
	0

	1
	0
	1
	0
	1
	0
	1
	0

	0
	1
	0
	0
	0
	0
	0
	0

	1
	1
	0
	1
	1
	1
	1
	0

	0
	1
	1
	1
	0
	1
	0
	0

	1
	1
	1
	0
	0
	0
	0
	1


											
[4 Marks]
(e) K- Map
[image: A diagram of numbers and circles

Description automatically generated]                           [image: A number grid with numbers and rectangles

Description automatically generated]
[image: A black symbols on a white background

Description automatically generated]  		              [image: A black math equation

Description automatically generated with medium confidence]
[image: A number grid with a blue circle and a number in the middle

Description automatically generated]
[image: A picture containing text

Description automatically generated]
										[6 Marks]
(f) Logic Diagram
[image: A diagram of a block diagram

Description automatically generated]
										[4 Marks]

QUESTION 3
(i) For the functions   and 
Answer the following:
(a) Illustrate the implementation of functions 𝑤 and 𝑧 using a single decoder.										[6 Marks]
(b) Present the truth tables and the fundamental Boolean expressions for both  and.									[5 Marks]
(c) Derive and show the simplified Boolean logic expressions for  and.											[4 Marks]
(d) Design  and using Programmable Logic Array (PAL).		[10 Marks]
SOLUTIONS
(a) Implementing  and using Decoder
[image: ]
										[6 Marks]

(b) Show the truth tables for the functions w and z	

	
	
	
	D
	
	

	0
	0
	0
	0
	0
	0

	0
	0
	0
	1
	0
	1

	0
	0
	1
	0
	1
	1

	0
	0
	1
	1
	0
	0

	0
	1
	0
	0
	0
	0

	0
	1
	0
	1
	0
	0

	0
	1
	1
	0
	0
	0

	0
	1
	1
	1
	0
	0

	1
	0
	0
	0
	0
	1

	1
	0
	0
	1
	0
	0

	1
	0
	1
	0
	0
	0

	1
	0
	1
	1
	0
	0

	1
	1
	0
	0
	1
	1

	1
	1
	0
	1
	1
	1

	1
	1
	1
	0
	0
	0

	1
	1
	1
	1
	0
	0


											[3 Marks]
Logic Expressions from the Truth Table
			 [1 Mark]
 [1 Mark]
(c) 
Simplifying the above expressions  using Boolean Algebra, we get,
 		[1 Mark]
			[1 Mark]
Simplifying the above expressions  using Boolean Algebra, we get,


		[1 Mark]
			[1 Mark]

(d) Designing using Programmable Array Logic (PAL)
PAL Programmable Table
[image: ]
										[3 Marks]
[image: ]
										[7 Marks]

QUESTION 4
(i) For a  4- input LUT of an FPGA Logic block and  determine the bits to be stored in its storage cell by using   the function   to realize by answering the following
(a) Truth Table								[3 Marks]
(b) With the help of the above truth table, design a  4- input LUT.	[8 Marks] 
(c) Also, explain its operation in detail by assuming the values of inputs to be 0010.
[9 Marks]
(ii) Program FPGA for the functions  +   by considering 
[5 Marks]
SOLUTIONS
(i) For a  4- input LUT of an FPGA Logic block and  determine the bits to be stored in its storage cell by using   the function   to realize by answering the following
(a) Truth Table								

	A
	B
	C
	D
	f

	0
	0
	0
	0
	0

	0
	0
	0
	1
	0

	0
	0
	1
	0
	1

	0
	0
	1
	1
	0

	0
	1
	0
	0
	1

	0
	1
	0
	1
	0

	0
	1
	1
	0
	0

	0
	1
	1
	1
	0

	1
	0
	0
	0
	0

	1
	0
	0
	1
	0

	1
	0
	1
	0
	0

	1
	0
	1
	1
	1

	1
	1
	0
	0
	0

	1
	1
	0
	1
	0

	1
	1
	1
	0
	0

	1
	1
	1
	1
	1


											[3 Marks]
(b) With the help of the above truth table, design a  4- input LUT.		.
[image: A diagram of a storage cell

Description automatically generated]
											[8 Marks]
(c) Also, explain its operation in detail by assuming the values of inputs to be 0010.
							
· An FPGA Look Up Table is the combination of flipflops (storage cells) and series of Muxs (Multipliers ) interconnected. 
· Each cell is capable of holding a single logic value, either 0 or 1. The stored value is produced as the output of the storage cell. 				
· A two-variable truth table has four rows, this LUT has four storage cells. 
· One cell corresponds to the output value in each row of the truth table. 
· The input variables A, B, C and D are used as the select inputs of four multiplexers, which, depending on the valuation of A, B, C and D.			   	 [3 Marks]
[image: A diagram of a storage cell

Description automatically generated]
[2 Marks for the logic values , can be included in the previous diagram]

Operation	
· When D is  given O, the select inputs for the mux ranging from 1 to 8 will be 0. If the Mux gas the select inputs to be 0, the top storage level will be the output of the mux. 
· It is does the same operation for the variables B and D. But when C = 1 , the select inputs for the mux ranging from 9 to 12 is logic 1. Hence the lower inputs of the previous mux will be the present mux output.
· Similarly, for all valuations of B and D, the logic value stored in the storage cell corresponding to the entry in the truth table chosen by the particular valuation appears on the LUT output. 
· Providing access to the contents of storage cells and the output of f will be 1. [4 Marks]

(iii) Program FPGA for the functions  +   by considering 
[image: A diagram of a computer code

Description automatically generated with medium confidence]
												[5 Marks]
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