ELEC 2200-002 Digital Logic Circuits 
Fall 2015
Homework 3 Solution

Assigned 10/14/15, due 10/23/15
Problem 1:

(a) What is the total number of minterns possible with n Boolean variables?

(b) How many distinctly different switching functions of four Boolean variables are possible?

(c) Using the postulates and theorems of Boolean algebra, show that for three binary variables A, B and C, 
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Answer:

(a) For n variables, there are 2n minterms.

(b) For n variables there are 
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possible switching functions. This number is 65,556 for n = 4.

(c) We apply distributivity (Postulates 5), invariance (Theorem 1) and consensus (Theorem 9), respectively, in that order to the left hand side:
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Problem 2: Consider Boolean function of three variables, F(a, b, c) = Σ m (3, 4, 5, 6, 7):
(a) Construct a truth table for this function.

(b) Show the function on Karnaugh map.

(c) Minimize the function using Karnaugh map.

(d) Sketch a logic gate circuit that will implement the minimized function. How many transistors will this circuit require if implemented in CMOS technology?

(e) Can this function be implemented with fewer transistors? If yes, sketch the most economical gate-level circuit, specifying how many transistors it will need.

Answer:
(a) The truth table is as follows:

	Minterm index
	Inputs
	Output

	
	a
	b
	c
	F

	0
	0
	0
	0
	0

	1
	0
	0
	1
	0

	2
	0
	1
	0
	0

	3
	0
	1
	1
	1

	4
	1
	0
	0
	1

	5
	1
	0
	1
	1

	6
	1
	1
	0
	1

	7
	1
	1
	1
	1


(b) The Karnaugh map is given below:

	0
	2     
	6

       1        
       
	4

      1

	1

   
	3

      1
	7

       1
	5

       1


(c) From the Karnaugh map, we represent the function using two product terms:
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(d) This function requires three logic gates as shown below:
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This circuit can be implemented with 6 + 6 = 12 transistors

(e) Reduction in transistors is possible if we use inverting gates. The following circuit is equivalent to the one designed above (circles represent inversions):


The OR gate with inverted inputs, can be replaced by a NAND gate if we apply de Morgan’s theorem. The following circuit is obtained:



This circuit requires 4 + 4 + 2 = 10 transistors.

Problem 3: Express the following three-variable functions as sums of minterms:
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Are these functions equivalent?

Answer: The functions are expanded into minterms as follows:
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Comparing the sets of minterms, only F2 and F3 are equivalent.

Problem 4: A microwave oven has a user operated on-off switch that controls a Boolean variable S such that S = 0 (off) and S = 1 (on). However, the power in the oven is not turned on as long as the door is open or the oven contains any metallic object in the cooking area. The door has a sensor that generates a Boolean variable D to indicate the state of the door such that D = 0 (open) and D = 1 (closed). The oven has a metal detector that sets a Boolean variable M as follows:



M = 1, when a metal object is present



M = 0, when there is no metal object found

Sketch a transistor-level CMOS circuit to generate a Boolean variable P from S, D and M, such that P = 1 will turn the power on.

Answer:

The variable P is given by:
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The circuit that has a NOT gate and an AND gate is shown below.
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Problem 5: A 2’s complement binary adder circuit adds two integers whose most significant bits (MSB) are A and B. The MSB of the sum produced by the adder is C. Give a truth table for a Boolean variable Z that the adder should provide such that Z equals 1 only when an overflow has occurred. Express Z as a sum of products expression.
Answer: The truth table is as follows:

	A
	B
	C
	Z

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	0
	0

	0
	1
	1
	0

	1
	0
	0
	0

	1
	0
	1
	0

	1
	1
	0
	1

	1
	1
	1
	0


SOP Expression:
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 EMBED Equation.3  [image: image13.wmf]

 EMBED Equation.3  [image: image14.wmf]C

B

A

C

B

A

Z

×

×

+

×

×

=


a





b





c





a


b





c





F





a


b





c





F





a





b








c





F











M





S  D





P





VDD





GND








_1411336180.unknown

_1506285558.unknown

_1506287386.unknown

_1506288376.unknown

_1506285845.unknown

_1411339371.unknown

_1506285444.unknown

_1411339616.unknown

_1411339304.unknown

_1379859063.unknown

_1411334966.unknown

_1348178789.unknown

_1348178926.unknown

_1284680454.unknown

