EC130B Intro to Logic Design


Fall 1996


Final Exam





Name _____________________________________





Closed book, closed notes.





1.  Find simplified sum of products form Boolean expressions for each of the expressions given.


a) F(A,B,C,D) = ( m(0,2,4,11,13,15) + d(5,10)


b) F(A,B,C,D) = ( M(3,4,5,6,7,12,13,14,15) + d(2,8)


c) Z = A'BC' + BC + AB'C


d) F(A,B,C) =  ( m(0,1,4) + d(6,7)


�
2.  The function table for a ZL flip-flop is shown below.  Use the D flip-flop and additional logic to build a rising edge-triggered ZL flip-flop.
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�
The symbols for two 74LS162 synchronous decade counters are shown.  Show how two such counters can be connected to count 45 pulses on the clock input and then to repeat.  The clock connections are already shown.  Waveforms indicating the operation of the 74LS162 are shown on the following page.


http://www.rose-hulman.edu/~waiter/EC130/exam/review/fall96/prob3fig.htm


http://www.rose-hulman.edu/~waiter/EC130/exam/review/fall96/info3fig.htm








�
Analyze the circuit below to determine a simplified Boolean expression for Z.


http://www.rose-hulman.edu/~waiter/EC130/exam/review/fall96/prob4fig.htm








�
Use D flip-flops and NAND gates to implement the counter shown by the state diagram below.  Note that if CW is asserted the sequence progresses from 7, 4, 3, 2, 6 and back to 7 but if CW is not asserted the sequence progresses in the opposite order. 


http://www.rose-hulman.edu/~waiter/EC130/exam/review/fall96/prob5fig.htm








�
6.  The controller for a remote control car has two inputs, a RED button and a BLACK button and two outputs, Z1 and Z0.  If neither button is pushed, the car is stopped, and the outputs are both zero.  If either the RED button or the BLACK button is pushed, then the car goes straight, indicated by Z1 = Z0 = 1.  If both the RED and BLACK buttons are pushed, then the car turns.  If the RED button was pushed before the BLACK button, the car turns left indicated by Z1 = 0 and Z0 = 1.  If the BLACK button was pushed before the RED button, the car turns right, indicated by Z1 = 1 and Z0 = 0. 





Assume that only one of the inputs changes at a time.  Design a state diagram for the controller having Moore-type outputs.


�
7.  Sarah, an engineer for WindyRidge Whatzits, has designed a 4-bit mod-10 Gray code counter using D flip-flops.  She has determined the simplified Boolean equations for the inputs to the D flip-flops and has verified that the counter will be self-starting.  Your job is to determine the lowest cost implementation of the counter.  Should the counter be built using the three flip-flops and only NAND gates, OR and AND gates, multiplexers or decoders?  The parts the company normally stocks and their prices are listed below.  Except for the flip-flops, list all parts needed and your cost estimate for each option that you consider.  





Simplified Boolean expressions to be implemented:


D2 = Q2' + Q1Q0


D1 = Q2' + Q1' + Q0'


D0 = Q1Q0 + Q2Q0'





Available parts


7400	2-input NAND, four/package		$.25


7410	3-input NAND, three/package	$.25


7420	4-input NAND, two/package		$.25


74251	8-to-1 multiplexer			$.40


74153	4-to-1 multiplexer, two/package	$.40


74138	3-to-8 decoder				$.40	


7408	2-input AND, four/package		$.25


7432 	2-input OR, four/package		$.25





�
8.  Design the Moore-type state diagram for a sequence detector to be used in a combination lock.  The lock has three inputs, a1 and a0, which represent a number between 0 and 3, and a Reset input.  The lock functions as follows:  if the sequence 0, 2, 1, 3 is detected, the Unlock signal is asserted and remains asserted until the Reset signal is asserted.  If the person operating the lock makes a mistake in the combination, he or she can press the Reset signal and start over at any time.  If the first four numbers following the Reset signal are not the correct sequence, the Unlock signal will not be asserted.


�
9.  Short answer


a)  Define setup time











b)   Define hold time








c)  How many flip-flops are needed to make a mod-10 Johnson counter?








d)  How many flip-flops are in a mod-5 ring counter?








e)  A four-bit binary counter counts from ____ to _____ before repeating.








f)  A four-bit decade counter counts from ____ to _____ before repeating


�
10.  Perform the conversions indicated:





Base 10	Base 2 (Binary)	Base 8 (Octal)		Base 16 (Hexadecimal)





23		____________	____________	_____________





_________	01110010		____________	______________





_________	_____________	174			______________





_________	_____________	_____________	3A


