Intro. To Digital System Design, Mid-term Exam 11/22/2006

1(20%) Design a combinational logic circuit that converts a decimal digital from 2 4 2 1 code to the 8 4 -2 -1 code.
	Decimal 

Digital
	2 4 2 1

code
	8 4 -2 -1

code

	0
	0000
	0000

	1
	0001
	0111

	2
	0010
	0110

	3
	0011
	0101

	4
	0100
	0100

	5
	1011
	1011

	6
	1100
	1010

	7
	1101
	1001

	8
	1110
	1000

	9
	1111
	1111


(a)  (10%) Implement such a circuit using AND-OR two level design.

(b) (5%) Implement such a circuit using NAND-AND design.

(c) (5%) Is there any static hazard in your design of (a)? If so, how to avoid it?

2 (10%) A minority circuit is a combinational circuit whose output is equal to 1 if the input variables have less 1's than 0's.The output is 0 otherwise

  (a)Design a 3-bit minority circuit.

  (b)Draw the designed circuit diagram
3 (10%) Use K-map method to simplify the following Boolean function in (a) sum of products and (b) product of sums.

   F(w,x,y,z)=x'y'+x'z'+w'xy'z

   d(w,x,y,z)=Σ(4,6,14)
4 (10%) Simplify each of the following expressions :

a.  (AB+CD’)(AB+D’E)

b. A+B’C+D’(A+B’C)

c.  [(EF)’+AB+C’D’](EF)

d. (AB+C)+(D+EF)(AB+C)’
5 (10%)  Please use the following clocked timing diagram to obtain a machine with its state diagram (Mealy). (Z is output, INIT, W are input, A, B are states, and T is clock, rising edge trigger)
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6  (20%) Reverse engineering. Please obtain (a) (5%) transition table. (b) (10%) A Mealy machine diagram, for this circuit. (Z is ouput, X, CLR are input, y1 with y2 are states, CLK can be ignored) (c)(5%) What will be the results if both JK flip flops are replaced by SR flip-flops
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7 (20%) Semi-conductor theory.

 (a) (10%) Can you explain the function of the following CMOS inverter, in terms of 

Vin (gate voltage), and how the CMOS will work in terms of fundamental semi-conductor theory (electron or hole flow)? What is the cause of flow of electrons or holes?

(b) (10%) What is Moor’s Law? If hardware chips can follow Moor’s Law, can software programming productivity follow it? Why and why not? How to match the speed of Moors’ Law in modern digital system design? (Hint: software design vs. hardware design).
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