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(Answer all the questions)

1. What is a combinational circuit?

It is a circuit made up of logic gates and accepts input and generates the output based on the 

present input alone without regard to the previous input.
2. How many don’t care inputs are there in a BCD adder?

6 don’t care conditions
3. Compare encoder and decoder.
An encoder is a digital circuit performs the inverse operation of a decoder. An encoder has 2n input lines and n output lines.

A decoder is a combinational circuit that converts binary information from the n coded inputs to a maximum of 2n unique outputs.

4. Show the logic diagram of a basic flip-flop circuit with NOR gates
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5. Differentiate state table and truth table.
State Table

The time sequence of inputs, outputs and flip flop states may be enumerated in a state table.

The state table consists of three sections labeled present state, next state and output.

The present state designates the state of the Flip Flops before the occurrence of a clock pulse.

The next state shows the states of Flip Flops after the application of a clock pulse.

The output section lists the values of the output variables during the present state.

Both the next state and output sections have two columns. One for x=0 and the other for x=1
Truth Table

It shows the relationship between input and output values
PART-B 














(Answer all the questions)

     6.a.i) Implement a full-adder with 2 half- adders and an OR-gate.   (8)

Half Adder
	A
	B
	Sum
	Carry

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1
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Half Adder


Full Adder

	A
	B
	Cin
	Sum 
	Cout

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1
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          ii) Discuss about subtractors  in detail. (8)
Half subtractor

The half-subtractor is a combinational circuit which is used to perform subtraction of two bits. It has two inputs, X (minuend) and Y (subtrahend) and two outputs D (difference) and B (borrow).

Truth table
The truth table for the half subtractor is given below.

	X
	Y
	B 
	D

	0
	0
	0
	0

	0
	1
	1
	1

	1
	0
	1
	0

	1
	1
	0
	0
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Full subtractor
               As in the case of the addition using logic gates, a full subtractor is made by combining two half-subtractors and an additional OR-gate. A full subtractor has the borrow in capability (denoted as BORIN in the diagram below) and so allows cascading which results in the possibility of multi-bit subtraction. The circuit diagram for a full subtractor is given below.

Easy way to write truth table
D=X-Y-Z (don't bother about sign)
B = 1 If X<(Y+Z)
X
Y
 Z
 D
 B

0 
0
 0
 0
 0 

0 
0
 1
 1
 1 

0 
1
 0
 1
 1 

0 
1
 1
 0
 1

1 
0
 0
 1
 0

1 
0 
 1
 0
 0

 1 
1
 0
 0
 0

 1 
1
 1
 1 
 1



OR

b.Design a combinational circuit for BCD-to-excess-3 code convertor. (16)

· A code converter is a circuit that makes the two systems compatible even though each uses a different binary code.

· To convert from binary code A to binary code B, the input lines must supply the bit combination of elements as specified by code A and the output lines must generate the corresponding bit combination of code B.

BCD-to-excess-3 code converter

· Each code uses four bits to represent a decimal digit

· Four input and four output variables are present

· A, B, C, D  => Input variables

· W,X,Y,Z    => Output variables

· 4 binary variables have 16 bit combinations, only 10 are listed in truth table, others are don’t care conditions.
TRUTH TABLE

	INPUT BCD
	OUTPUT EXCESS – 3 CODE

	A
	B
	C
	D
	w
	x
	y
	z

	0
	0
	0
	0
	0
	0
	1
	1

	0
	0
	0
	1
	0
	1
	0
	0

	0
	0
	1
	0
	0
	1
	0
	1

	0
	0
	1
	1
	0
	1
	1
	0

	0
	1
	0
	0
	0
	1
	1
	1

	0
	1
	0
	1
	1
	0
	0
	0

	0
	1
	1
	0
	1
	0
	0
	1

	0
	1
	1
	1
	1
	0
	1
	0

	1
	0
	0
	0
	1
	0
	1
	1

	1
	0
	0
	1
	1
	1
	0
	0


· Draw maps for BCD to excess 3 code converter
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Z =   D’    








Y= C’D’+CD
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X=B’C+B’D+BC’D’

                W=A+BC+BD



[image: image11]
     7.a) Implement BCD-to-decimal decoder. (16)
	INPUT
	OUTPUT

	W
	X
	Y
	Z
	D0
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9

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

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

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

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

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

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


D0= w’x’y’z’

D1=w’x’y’z

D2=x’yz’
D3=x’yz

D4=xy’z’

D5=xy’z

D6=xyz’

D7=xyz
D8=wz’

D9=wz

[image: image12.emf]





OR

        b) Explain flip-flops in detail. (16)
· The most common types of flip – flops are:

· RS Flip flop

· D Flip Flop

· JK Flip Flop

· T Flip Flop

RS Flip flop

· RS flip-flop consists of a basic NOR flip-flop and two AND gates. 

· The outputs of the two AND gates remain at 0 as long as the clock pulse (or CP) is 0, regardless of the S and R input values. 

· When the clock pulse goes to 1, information from the S and R inputs passes through to the basic flip-flop.

·  With both S=1 and R=1, the occurrence of a clock pulse causes both outputs to momentarily go to 0. 

· When the pulse is removed, the state of the flip-flop is indeterminate, ie., either state may result, depending on whether the set or reset input of the flip-flop remains a 1 longer than the transition to 0 at the end of the pulse. 
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D Flip-Flop 

· The D flip-flop is a modification of the clocked SR flip-flop. The D input goes directly into the S input and the complement of the D input goes to the R input. 

· The D input is sampled during the occurrence of a clock pulse. 

· If it is 1, the flip-flop is switched to the set state (unless it was already set). 

· If it is 0, the flip-flop switches to the clear state. 
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JK Flip-Flop 

· A JK flip-flop is a refinement of the SR flip-flop in that the indeterminate state of the SR type is defined in the JK type.

·  Inputs J and K behave like inputs S and R to set and clear the flip-flop (note that in a JK flip-flop, the letter J is for set and the letter K is for clear). 

· When logic 1 inputs are applied to both J and K simultaneously, the flip-flop switches to its complement state, ie., if Q=1, it switches to Q=0 and vice versa. 

· Output Q is ANDed with K and CP inputs so that the flip-flop is cleared during a clock pulse only if Q was previously 1. Similarly, ouput Q' is ANDed with J and CP inputs so that the flip-flop is set with a clock pulse only if Q' was previously 1. 

· Note that because of the feedback connection in the JK flip-flop, a CP signal which remains a 1 (while J=K=1) after the outputs have been complemented once will cause repeated and continuous transitions of the outputs.

· To avoid this, the clock pulses must have a time duration less than the propagation delay through the flip-flop.

·  The restriction on the pulse width can be eliminated with a master-slave or edge-triggered construction.

·  The same reasoning also applies to the T flip-flop presented next. 
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T Flip-Flop 

· The T flip-flop is a single input version of the JK flip-flop. As  the T flip-flop is obtained from the JK type if both inputs are tied together. The output of the T flip-flop "toggles" with each clock pulse 


[image: image20]
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     8.a) Design a 3-bit binary counter that counts with the following binary sequence:  

             0,1,2,3,4,5,6,7   and repeat. Use T flip-flops. (8)
Characteristics Table

Output States Inputs Required
	Q
	Q+1
	T

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0


State Diagram

[image: image1]
Truth Table

	INPUT
	OUTPUT

	X
	Y
	Z
	Tx
	Ty
	Tz

	0
	0
	0
	0
	0
	1

	0
	0
	1
	0
	1
	1

	0
	1
	0
	0
	0
	1

	0
	1
	1
	1
	1
	1

	1
	0
	0
	0
	0
	1

	1
	0
	1
	0
	1
	1

	1
	1
	0
	0
	0
	1

	1
	1
	1
	0
	1
	1


Construct the K- Map

Draw the appropriate logic diagram





OR

        b) Explain about state reduction and assignment. (8) 
· The information available in a state table may be represented graphically in a state diagram.

· Here, a State is represented by a Circle

· Transition between states is indicated by directed lines connecting the circles.

· The binary number inside each circle identifies the state the circle represents.

· The directed lines are labeled with two binary numbers separated by a /.

· The input value that causes the state transition is labeled first.

· The number after the symbol / gives the value of the output during the present state.

· For example, the directed line from state 00 to 01 is labeled 1/0, meaning that the sequential circuit is in a present state 00 while x=1 and y=0, and that on the termination of the next clock pulse, the circuit goes to next state 01.

· A directed line connecting a circle with itself indicates that no change of state occurs.

· The state diagram provides the same information as the state table and is obtained directly from the table

· There is no difference between a state table and a state diagram except in the manner of representation. The state table is derived from the logic diagram and then followed by a state table.

STATE REDUCTION AND ASSIGNMENT

· The analysis of sequential circuits starts from a circuit diagram and culminates in a state table or diagram.

· The design of a sequential circuit starts from a set of specifications and culminates in a logic diagram.

· STATE REDUCTION

· Any design process must consider the problem of minimizing the cost of the final circuit.

· The two most obvious cost reductions are reductions in the number of flip flops and the number of gates.

· State reduction algorithms are concerned with procedures for reducing the number of states in a state table while keeping the external input – output requirements unchanged.

· Since m flip flops produce 2m states, a reduction in the number of states may result in a reduction in number of flip flops.

· An unpredictable effect in reducing the number of flip flops is that sometimes the equivalent circuit may require more combinational gates.


[image: image22]
· The reduction of the number of flip flops in a sequential circuit is referred to as the state reduction problem.

· Input Sequence : 01010110100 starting from the initial state a.

· Each input of 0 or 1 produces an output of 0 or 1 and causes the circuit to go to the next state.

· From the state diagram we obtain the output and the state sequence for the given input sequence as follows

· With the circuit in initial state a, an input of 0 produces an output of 0 and the circuit remains in state a.

· With present state a and input of 1, the output is 0 and the next state is b.

· With present state b and input of 0, the output is 0 and the next state is c.

· Continuing this process, we find the complete sequence to be as follows:

	State
	a
	a
	b
	c
	d
	e
	f
	f
	g
	f
	g
	a

	Input
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	

	output
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	


· The problem of state reduction is to find ways of reducing the number of states in a sequential circuit without altering the input output relationships.
	Present State
	Next State
	Output

	
	X=0
	X=1
	X=0
	X=1

	a
	a
	b
	0
	0

	b
	c
	d
	0
	0

	c
	a
	d
	0
	0

	d
	e
	f
	0
	1

	e
	a
	f
	0
	1

	f
	g
	f
	0
	1

	g
	a
	f
	0
	1


· When two states are equivalent, one of them can be removed without altering the input output relationship

· From the above table, states e and g are equivalent, they both go to states a and f and have outputs of 0 and 1 for x=0 and x=1.

· Therefore, states g and e are equivalent, one can be removed.

· The row with present state g is crossed out and stage g is replaced by state e each time it occurs in the next state columnsReducing the State Table

	Present state
	Next state
	Output

	
	X=0
	X=1
	X=0
	X=1

	a
	a
	b
	0
	0

	b
	c
	d
	0
	0

	c
	a
	d
	0
	0

	d
	e
	 f d
	0
	1

	e
	a
	 f d
	0
	1

	 f 
	g e
	f
	0
	1

	g
	a
	f
	0
	1


· Present state f now has next states e and f and outputs 0 and 1 for x=0 and x=1, respectively.

· The same next states and outputs appear in the row with present state d.

· Therefore states f and d are equivalent.

· State f can be removed and replaced by d.

· Draw the reduced state diagram with respective with the new reduced table.
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