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Q1.                                                                                                            20 marks
(a) Write the Characteristic table and the Excitation table of the T flip-flop. 

(b) A sequential circuit has 2 T flip-flops A and B. It has one input X. 

         When X = 0, the state of the circuit remains unchanged.

          When  X = 1, the circuit goes through state transitions as follows:

                 from 00 to 11 to 10 to 01 to 00.

                 Then it repeats.      

(i) Draw the State Table for the circuit.

(ii) Obtain the simplified expressions for the inputs to the two T flip-flops.  

     (Use the Karnaugh Map for simplification.) 
(iii) Draw the schematic diagram of the circuit.
Solution 1(a).
            Characteristic Table for the T Flip-Flop.
	TN
	QN+1


	0
	QN


	1
	QN’



Excitation Table for T Flip-Flop

	   QN   
	 QN+1

	T   

	0 
	0 
	0 

	1 
	1 
	0 

	0 
	1 
	1 

	1 
	0 
	1 


1(b)(i) State Diagram:

                            X=1
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     Present State                                Next State
	QA

	QB

	      X
	QA

	      QB
	TA

	     TB

	0
	0
	0
	0
	0
	0
	0

	0
	0
	1
	1
	1
	1
	1

	0
	1
	0
	0
	1
	0
	0

	0
	1
	1
	0
	0
	0
	1

	1
	0
	0
	1
	0
	0
	0

	1
	0
	1
	0
	1
	1
	1

	1
	1
	0
	1
	1
	0
	0

	1
	1
	1
	1
	0
	0
	1


(ii)
KMAP for numbering the cells. 


                QA
  QB X

	
	00
	01
	11
	10

	0
	0
	1
	3
	2

	1
	4
	5
	7
	6


TA


                  QA
  QB X

	
	00
	01
	11
	10

	0
	
	1
	
	

	1
	
	1
	
	


The simplified expression for TA is obtained by combining cells (in multiples of 2^n) cells 1 and 5.

TA= QB ‘.X  

TB


                  QA
  QB X

	
	00
	01
	11
	10

	0
	
	1
	1
	

	1
	
	1
	1
	


The simplified expression for TB is obtained by combining cells (in multiples of 2^n) cells 1,3,5 and 7.
           TB= X

(iii)SchematicDiagram[image: image1.png]Ciosk
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Q.2                                                                                                            25 marks
An arithmetic unit is to provide the operations of addition and subtraction of two 4-bit operands. It should also provide the facility of incrementing to one of the two operands.
 (a) Draw a neat circuit diagram of the arithmetic unit. Use XOR gates, 1-bit full-adders, a 4-bit counter with parallel-load  and a 4-bit register to construct the circuit. 
(b) Give the function table for the circuit. The function table should have columns for the control inputs, the ‘output of the 4-bit counter’, the ‘output of the full-adder system’ and the ‘output of the XOR gate system’.



Solution 2(a)
[image: image2]
4 XOR GATES IN THE BLOCK DIAGRAM ABOVE ARE AS FOLLOWS:
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2(b)    
    Function Table

       C        INR        L                  F                   S                     D

       0           0            1                  B               D + B             D + B

       1           0            1                  B’              D -  B             D -  B

       X          1            0                  X                   X                 D + 1

Q.3                                                                                                            16 marks
(a) Draw the schematic diagram of a typical stage of a digital circuit that performs the four logic operations of exclusive-OR, AND, OR and NAND. Use two selection variables. Obtain the function table of the circuit.
(b) A 4-line common bus system is to be constructed for data transfer from four 4-bit registers P, Q, R and S. Use 4 x 1 multiplexers to construct the system. Draw the bus system, showing the four bus lines clearly.

Solution 3(a)
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Function Table

 S1            S0                   Fi

  0              0                  A  XOR B

  0              1                  A AND B

  1              0                  A  OR B

  1              1                  A  NAND B

3(b)      

4-bit bus using MUX


[image: image5]
Q.4                                                                                                            14 marks
(a) A 4-bit binary counter has the following input terminals:

     INR input, CLOCK input, 4- number PARALLEL LOAD inputs, LOAD input.

     Show how this counter can be converted to a divide by 12 counter by

     using some additional gates.

(b)  Show the block diagram of the hardware that implements the following register transfer statement:

                    T2:    R2 (  R1,      R1 (  R2
Solution 4(a)

[image: image6]
                           Divide – by –12 counter 

                           Counts from    0000   to   1011

4(b)  

                    T2:    R2 (  R1,      R1 (  R2

Q 5.                                                                                                           25 marks
An n -bit Binary Counter  with parallel load and synchronous clear facility is to be implemented. It is required to have the following Active High controls. 

                       (i) Increment (Inc)

                       (ii) Load (Ld) (for parallel loading; over-rides increment )

                       (iii) Clear (Cr) (over-rides load and increment)

 (a)  Write the function table for the counter.
 (b) The implementation is to use JK FFs. Draw the circuit for a typical stage  of the counter.
Solution 5(a)   FUNCTION TABLE
      INC                 LOAD                      CLEAR                     OUTPUT

       1                       0                                  0                         Incremented by 1

       x                       1                                  0                         Parallel Load

       x                       x                                  1                         Output becomes 0

(b)
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Note: CLEAR, LOAD and INC  are external control inputs.

Io to Im and CLOCK are other inputs.

Qo to Qm are the outputs. 
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