ELEC 2200-002 Digital Logic Circuits
Class Test III, November 17, 2008




Total 20 points
Broun 238, 2:00-2:50PM
Instructions: Please read all problems before writing your answers. Attempt all five (5) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








5 points
Use the Quine-McCluskey method to minimize the Boolean function,



F(A,B,C,D) = ( m(1, 3, 5, 7, 9, 10, 13, 14, 15)

Show the final result on Karnaugh map.

Answer:

Step 1: Group minterms according to number of true minterms.

	Minterm
	ABCD
	Groups

	1
	0001
	1: single 1

	3
	0011
	2: two 1’s

	5
	0101
	

	9
	1001
	

	10
	1010
	

	7
	0111
	3: three 1’s

	13
	1101
	

	14
	1110
	

	15
	1111
	4: four 1’s


Step 2: Find prime implicants (PI).
	List 1
	List 2
	List 3

	Minterm
	ABCD
	
	Minterms
	ABCD
	
	Minterms
	ABCD
	

	1
	0001
	X
	1, 3
	00-1
	X
	1, 3, 5, 7
	0--1
	PI1

	3
	0011
	X
	1, 5
	0-01
	X
	1, 5 9, 13
	--01
	PI2

	5
	0101
	X
	1, 9
	-001
	X
	5, 7, 13, 15
	-1-1
	PI3

	9
	1001
	X
	5, 7
	01-1
	X
	
	
	

	10
	1010
	X
	5, 13
	-101
	X
	
	
	

	7
	0111
	X
	9, 13
	1-01
	X
	
	
	

	13
	1101
	X
	10, 14
	1-10
	PI4
	
	
	

	14
	1110
	X
	7, 15
	-111
	X
	
	
	

	15
	1111
	X
	13, 15
	11-1
	X
	
	
	

	
	
	
	14, 15
	111-
	PI5
	
	
	


Step 3: Find essential prime implicants (EPI).

	Covered by EPI→
	x
	x
	x
	x
	x
	x
	x
	x
	

	Minterm →
	1
	3
	5
	7
	9
	10
	13
	14
	15

	EPI1
	x
	x
	x
	x
	
	
	
	
	

	EPI2
	x
	
	x
	
	x
	
	x
	
	

	PI3
	
	
	x
	x
	
	
	x
	
	x

	EPI4
	
	
	
	
	
	x
	
	x
	

	PI5
	
	
	
	
	
	
	
	x
	x


Step 4: Only minterm 15 is left. It can be covered either by PI3 or PI5. PI3 contains two literals and PI5 has three literals. Hence, we select PI3.

MSOP is written below:
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The following Karnaugh map illustrates the result. All three EPI’s are selected. Of the two SPI’s (shown with broken lines), larger one is selected.
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Problem 2:








5 points
 

Transistors of a CMOS inverter are designed for a resistance of 10 ohms in the “on” state. The inverter is used as a clock driver and its total load capacitance is 1 nanofarad. Supply voltage is 1 volt. Calculate:
(a) What is the delay of the inverter?

(b) What is the dynamic energy dissipation per transition?

(c) If the clock frequency is 1GHz, assuming that the clock makes two transitions in each period, what is the dynamic power consumption of the inverter?
Answer:

(a) Delay of inverter
=
0.69RC

=
0.69 × 10 × 1 × 10-9 s
=
6.9 ns

(b) Energy/transition
=
CV2/2

=
1 × 10-9 × 12/2
=
500 picojoule

(c) Power consumption
=
energy dissipation per second

=
(number of transitions per second) × CV2/2
=
2 × frequency × CV2/2
=
2 × 109 × 1 × 10-9 × 12/2 watt
=
1 watt

Problem 3:








5 points

The circuit diagram shows a full adder circuit that adds two 1-bit integers A and B and a carry input C. It produces SUM and CARRY outputs. It is given that the delay of a single-fanout gate is 1 ns and the delay increases in proportion to fanouts. Thus, the delay of a gate with fanout of 2 will be 2 ns, etc. Assume that the outputs gates (SUM and CARRY) drive loads equivalent to three fanouts each. Find the critical path delay of the circuit and identify the gates on a critical path.


Answer:
Critical path delay of the circuit is 12 ns as determined below. The numbers inside gates are their delays in nanoseconds and the numbers outside are the cumulative delays from primary inputs.

Several critical paths run between A or B input and the SUM output. The gates on one of one such path are highlighted in orange.
Problem 4:








5 points
Show that for the following circuit:

(a) All stuck-at-0 faults collapse into just one stuck-at-0 fault. Find a test for that fault.
(b) If we test single stuck-at-1 faults on all primary input lines, all other stuck-at-1 faults of the circuit will also be tested.

(c) The minimum number of tests to detect all stuck-at-faults is 9.


Answer:
(a) We can collapse both input stuck-at-0 faults of an AND gate into the stuck-at-0 fault at its output. Starting from primary inputs and collapsing faults in this way, we find that all stuck-at-0 faults collapse into the output Z stuck-at-0.
This fault can only be detected if the output is set to 1. Justifying this value we find that a test vector is the all-1 vector.


(b) A test for a stuck-at-1fault at a primary input will require setting that input to 0 and setting all other inputs to 1. This test sensitizes a path from that input to the output Z. It will detect all stuck-at-1 faults on that path. Testing of all primary input stuck-at-1 faults, which can be done by vectors with a 0 walking through 1’s, will cover all paths and hence detect all stuck-at-1 faults.

(c) From (a) we have one test for all stuck-at-0 faults and 8 tests for all stuck-at-1 faults. Therefore, 9 tests will detect all single stuck-at faults.
Problem 5 (Bonus Question) 





1 point

What is the output of the following circuit if the delay of each inverter is 1/6 nanosecond?

Answer: The output is inverted every ½ nanosecond. The circuit will produce a periodic square-wave of 1 nanosecond period or 1 GHz frequency. (This circuit is called ring oscillator and is used to generate a clock-like signal.)
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