Short Answer/Fill in the blank

1. Fill in each blank or circle the best answer.[12 points, -2 per wrong or blank answer, min 0]

a. The 5-bit 2’s complement number representation of -4 is \\\ 0o

b. 10001, when treated as a 5-bit signed-magnitude number, has a decimal representation of

-\ .
TN
c. Individual DRAM cells are typically larger/smaller tyan SRAM cells and in general DRAM
cells are faster/slowerthan SRAM cells. S
S/

d. Say you want to perfdrm “conditional negation.” That is, you have an input x and an input y,
and if x is 0 the output should be y, but if x is 1 the output should be ly. If you were going to

implement this as a single gate, you’'d use a(n) X ®&_ gate.

e. Consider a memory device that has 256 addresses each 16 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 S inputs while the column MUX would have
D‘ selection bits.
f. The canonical product-of-sums representation of !(A+B) is
(A x T’\\/(\ A « B\,CE‘ +~B)
g. Say a tri-state device was outputting a value of “HiZ” and that value was driven to the input
of a two-input AND gate w. the other input was a “1”. The AND gate’s output would be

“9»/ «“1”/ “HiZ” funknown.
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2. Using the rules of logic, convert |(A+!C)*(A*C) into a minimal sum-of-products form. Provide the
name of the rule used for each step. [5 points]
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3. Complete the following timing diagrams. If the value is unknown (or oscillating) at some point,

clearly indicate that with hashes (as shown). Each Q value will be
graded as either right or wrong (no partial credit on a given Q

value).
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b) Complete the timing diagram below for both a D latch and a D flip-flop. [6 points]

S ————-

- - -

LT

Q (latch)

Q (flip-flop)
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4, Say you have the following values associated with the process you are using (notice the hold and set-
up times are not specified). Assume you intend to clock this circuit at S0MHz.

BCMHz &2 20nS

DFF: Min Max Min Max
Clockto Q | 2ns 3ns OR/AND 2ns 5ns
Set-up time 77 ns NOT Ins 2ns
Hold time 7?7 ns XOR 2ns 7ns
D flip-flop
D Q
23 D flip-flop
—pc 7 as TN s D Q
/ /5 {}c 24
—PC QB
D flip-flop /
D Q /——AV)Q\ D flip-flop
Y3 /i D ., Q
—p C QB 1 =,
—>C QB
Clock

a. Assuming you want a reliable circuit, what is the highest value the flip-flop could have for a
hold time? Show your work. [4 points]

Clk to & + CL De,'aj > hold tme

2 -+ a. o Id +! e
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b. Assuming you want a reliable circuit, what is the highest value the flip-flop could have for a
setup time? Show your work. [4 points]

Cik o gl + (= /C’ j o N :’E OV - '.Q,O
9 N 12 + serup time = 20
S 4+ Setup e v 20
HNS

(Problem continued on the next page)
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. As you know, no two events happen at the same time. As such, no two flip-flops will see the
clock’s rise time at exactly the same time. This is called “clock skew”. Let’s assume that we

know that the clocks going to each device could be off from each other by up to Ins. Put

differently, all we know is that each flip-flop will see a rising edge of the clock within 1ns of
when any other flip-flop will. Assume we don’t know anything about the order the flip-flops

will see the clock edge. " Cle +o W@){
j =\ T \

i. Redo part “a” under these assumptions. Briefly explain your work. [3 points]

_rf\c‘aj:‘ld = The Soe

~ 1.
SOy

/
{
)
{n

Ck to &+ sxkew ¥ CU Delay > elo

Q. — Q.
3 2 held
ii. Redo part “b” under these assumptions. Briefly explain your work. [3 points]
Clk 6 @ + swes 4 CL 66‘0‘5 * SeT u&? =20
2 s
4 ns

(6 + gefue =20
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5. Draw the state-transition diagram that describes the following state-machine. Assume the initial
state is when the flip-flops both have a value of 0. Show all state (even if a given state is
unreachable). Show your work.

[10 points]
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6. Design a state-transition diagram for a state machine with two inputs, A and B, and two outputs, “Y”
and “Z”. Y should be a “1” if A and B were the same (equal) in the previous cycle. Z should be a
“1” if A and B were the same two cycles ago (the cycle previous to the previous cycle). For
example, the following input:

A:010010001
B:001011001

Would generate this output: y
¥:010011011
Z:001001101

Your answer must have no more than 7 states. [12 points; 9 points for a correct answer; 3 for a
correct and minimal-state answer]
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Design a state machine which implements the following state transition diagram. Assign state bits
S[1:0] as 11 for state X, 01 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. [10 points]
Input is B.
Outputis R.
Risa “1” in State X
and Y (and is “0” in
).
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8. Build a D flip-flop with enable and reset using only a JK flip-flop (without enable or reset) and

standard gates. [10 points]
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9. Using only the devices listed below, design a circuit which takes two 4-bit signed-magnitude
numbers (X[3:0] and Y[3:0]) and outputs the smaller of the two, named OUT[3:0].

In your design you may use the following devices (as well as freely using “0” and “1” as a inputs as
desired)

AND, OR, and XOR gates (any number of 1nputs)

Inverters

2 to 1 MUXes

4-bit unsigned comparator

8 to 4 MUXes

16 to 4 priority encoder

You must clearly label any device you use (other than gates and inverters) and your design should be
clear enough that someone else could understand how everything was to be connected. Your grade
will be based in part upon the efficiency of your design. [15]
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