Name: unique name:

EECS 270 Midterm Exam
Spring 2013

Sign the honor code:

I'have neither given nor received aid on this exam nor observed anyone else doing so.

Scores:

Problem # Points
/12
/12
/10
/8
/8
/16
/13
/9
/11
Total /100
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NOTES:

Nounkwo e~

. Open book and Open notes

There are 12 pages total. Count them to be sure you have them all.

No electronic devices of any kind are allowed on this exam.

This exam is fairly long: don’t spend too much time on any one problem.

You have about 120 minutes for the exam.

Some questions may be more difficult than others. You may want to skip around.

Be sure to show work and explain what you’ve done when asked to do so. Even if work isn’t
requested it is a good idea to provide your work as it will help with partial credit.
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1) Fill in each blank or circle the best answer.[12 points, -2 per wrong or blank answer, min 0]

[100]

a) The 6-bit 2’s complement number representation of -7 is

b) 11001, when treated as a 5-bit signed-magnitude number, has a decimal representation of
s s

c) The range of representation for a 6-bit 2’s complement nurr}ber is from L -1 to“v?
P z
d) Consider a memory device that has 5048 addresses each 32 bits in size. If this was made out of a
square memory (equal number of rows and columns in the memory device) the row

decoder would have g inputs while the column MUX would have
3 selection bits.

e) A sum-of-products representation of !(A*!B) is A + »B

f) If you were to represent A+B+C+!D using canonical sum-of-products, there would be

/ g minterms.

g) If you were to represent A €@ B @ C in canonical product-of-sums form, there would

be @ I,:"/ maxterms.

h) A 4-bit 8 to 1 MUX would require 3 select lines.
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2) Draw the state transition diagram which is implemented by the above circuit. You should assume
the initial state is when both flip-flops are “0”. You should only include states that can be reached

from the initial state. Clearly show your work. [12 point?__
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3) Design a state machine which implements the following state transition diagram. Assign state bits
S[1:0] as 01 for state X, 11 for state Y, and 10 for state Z. You are to assume that you will never
reach the state S[1:0]=00, so you don’t care what happens in that case. You must show your work to
get any credit! You only need to compute the next state and output logic, you don’t need to draw the
gates or flip-flops! Place your answer where shown, all answers must be in sum-of-products form.
[10 points]

Input is B.

Output is W.

W is a “1” in State X
and Y (and is “0” in Z).

S| éQ_QJZL_Pi =t
5 o 6| X 7~

o 6 | x X

o | 0 I

o [ O

| 0 ¢ o )

L o | 1|

;] L0 1
L1 o)

(Be sure all are in sum-of-products form!)

——

NSl AAF08 ST+ S B +So B

NSO= S1+50+ 8B

W= 50
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4) Implement a 1-bit 2 to 1 MUX using only 2-input NOR gates. For full credit, use 4 or fewer NOR
gates. Use the inputs and outputs A, B, S and X as shown below. As always, you can freely use Vcc
and ground. [8 points, half credit for using more than 4 gates)

2to 1 MUX

y = Fs B

aArs| X
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5) Design a state transition diagram that has one input (A) and one output (B). The output should go
high and stay high only when A has been high for two cycles in a row and low for two cycles in a
row in any order. So inputs of 0011 and 1100 would both cause B to go (and stay) high, as would
00101011 (for example). You are to use as few states as possible.

[8 points, 3 are for a minimal answer]
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Min Max DFF: Min Max
OR/AND | 2ns 4ns Clockto Q | 2ns 3ns
NOT 1ns 1ns Set-up time 4 ns
XNOR 2ns 7ns Hold time 777 ns
Dflipflop#1 | 5 T . L, / i
y Q |1J_ N |7, | DAflip-flop #2 "
e QB DOJ_N 1 4 D Q

3L | > C QB

>\ 7 10 D flip-flop #3
.3 ) D Q

> QB

Clock

6) Answer the following questions [16 points]
a) Inorder for this circuit to work correctly, what range of values that would be acceptable for the

hold time requirement of the D flip-flops? Assume the only options range from 1ns to 10ns.
Clearly show your work. [5]

Smallest | 15 Largest (7//)}

leck % q) .
‘ ) +o )(/I/ok C
Fostes? padt 12 pal T pun Xtk clelsy

2ns tAns,

222

dﬂ/?’l)g 5/»,‘//4%
a /50 toov ks /

b) What is the lowest clock period that could be safely used on this circuit? Clearly show your
work. [5]

ﬂ""o»f I9<\7"’ 'F’/ Cond }‘3-C 3 A/OTf A//l/f?-l- 0h = 7/\5.
5 o b Qm»f Gns + Yns (sep) .:‘Z/éﬂj )
g Llet 3o & 7 ™

12
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c) Say that flip-flop #1’s clock edge always happens 2ns before the clock-edge that goes to flip-
flops #2 and #3. Would that change your answer to part a, part b, both or neither? Indicate
which answers would change and what they would change to. [6]

jopd Yo
q) forpart @ T e

! iy edoc.  Pasees becer €5
s Ater DH3s pisey €4

DH3 can chimc

},!s o ons

hae € ,'-}; G) ¢ harse  Nno /c)L?/‘

4 vl
Ab DA s €
4 [ TS jQ.
@ o pﬁns alyer Dyats hace their 12
Fhan Jone i bloe
Ve math
&@b /gnﬁ

Page 8 of 12



7) Verilog [13 points]

a) Complete the following module which is to implement a 2-bit modulo counter. The counter
should count in order (0, 1, 2, 3, 0, 1, etc.) if reset is low and enable is high on each rising edge.
If reset is high, the output should go to O on the next rising edge. If reset is low and enable is

low, the output should be held. [6]
module counter 2(clock, reset, enable, count);
input clock, reset, enable;
output [1:0] count;

reg [1:0] s, ns;

//next state
always @%*
if ~reset & enable)
ns = 8 + 1;
else

//state register
always @(posedge clock)
S <= ns;

assign count = s8;
endmodule
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b) Using the counter you designed on the previous page, complete a Verilog module which
implements the following circuit. The output should be the Q[1:0] of counter #2. [7]

[t 2-bit counter #1 2-bit counter #2 N
Enable Q1 Enable Q1
Y/
Reset _EReset
QO B Q
> Clock —> clock

Clock

module fun_counter (clock, Q)
input clock;
output [1:0] Q;

wire equal;
wire [1:0] cl, c2;
wire zero, high;

assign zero = 0;

assign high = 1;

assign equal = ¢1[1] ~" c2[1] & c1[0] ~" c2[0];
counter 2 cnl(clock, equal, high, cl);
counter 2 cn2(clock, low , equal , c2);

assign Q = c2;

endmodule
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8) Consider the circuit diagram below where both counters are modulo counters and the resets are
synchronous. Assuming both counters are initially zero, indicate the pattern that will appear out of
counter #2. Write your answer using decimal numbers. So, for example, a possible (but wrong)
answer would be “0, 1, 2, 1, 1, 3” which indicates that the output would be the pattern
012113012113012113 (etc.) repeating forever. Explain your answer. [9 points]

ﬁi 2-bit counter #1 2-bit counter #2 N

Enable Q1 Enable Ql ::>3

Reset _,:Reset }
— T

> Clock —| > Clock

Clock

C, 1,1, 22,2 53,3 3

| r<achs C ounder Zs ‘@Mv/r/e/

. ) Lo
6'/”?/ -'»[me Cova | 4
4*AJ Caw\k’ ;Z /”Cre*'“‘ J.

Coonte [ s reset

Pattern from counter #2: o ) 22233323
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9) Using MUXes [11 points]
a) Design a NOT gate using only a 1-bit 2 to 1 MUX. [2]

)h

b) Design a 2-input XOR gate using only a 1-bit 2 to 1 MUX. [3]

c) Design a D flip-flop using only 1-bit 2 to 1 MUXes. For full credit, you should use as few
MUXes as possible. No credit will be given to any answer that uses more than 4 MUXes.
[6 points, 3 for being minimal]
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