Problem 1 (15 points) CS 150 Fall 1999 Midterm 1

1

[8 pts.] a) You are given the logic diagram below. Complete the truth table for Y.H = fA, B, C,D) .Hint: Bub-
ble matching and simplify.

AH_[>o—AL BH ~—{>—BL cH —>o—cL bH —>o—DL

DL :
AL : DCB A|lY=fABCD||D CB AlY=fABCD
BH ‘ YH =00
: . ~ 10 9 0
v
BLEE=] o 00 0 1 10091
0 01 0 1 01 0
CL—3 ]
B.L-.-::>°— 0 011 10 1 1
/ 0100 1 1 0 0
0101 11 8 1
0110 1 110
01 1 1 1111

[7 pts.] b) In this problem you will design a combinational circuit that outputs C{3:0}, which is the product of
two 2-bit binary numbers A[1:0] and B(1:0], as shown in the block diagrambelow.

A[l:O]qzib-

—p - C[3:0}
B[1:0] 2 '

The multiplier is built from an appropriate interconnection of 1-bit multipliers and 1 bit full adders:

E multiplier CARRY_IN =i C
F — y =E.F —A S b—PSUM
F —— B Co|—» CARRY_OUT

Show how the 1-bit multiplier and full adder modules would be interconnected, using only wires,
but no extra gates or inverters. y
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Problem 2 (30 points)

Complete the timing diagram for the figure below, assuming unit delays for all gates and inverters (transport
delay only), and no delay in the wires. (The dashed lines in the diagram represent missing sections of the timing
diagram.) Complete the table below with the voltage levels at the specified location in the timing diagram.,i.e., L
for low and H for high. Example: At location 0, the appropriate voltage level is H. (This problem will be graded

+1 for correct, 0 for blank, and —1 for incorrect, with minimum score of 0 points.)

clock ;
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Problem 3 (15 points) FSM Analysis

[2 pts.] a) Complete the

state diagram for the following FSM, independently ¢ f part b):

u]n

L
EQ2 — KA

QpP—CE

clock

[3 pts.] b) Complete the state diagram for the following 2-bit binary up counter FSM, independently of part a):

Q,

CE—{CE Q"‘

A

Q

Qo

D—— EQ2

I

slock

00

{10 pts.] ¢) Draw a functional timing diagram for the two FSMs above connected together with common clock,
‘ CE(a) tied to CE(b), and EQ2(a) tied to EQ2(b).

clock

CE

EQ2

Q

Qo

3of6



ot



Problem 5 (?? points)

You are given the following state diagram:

Compblete the state table for this state diagram.

Present State |
Q Q |

=
£
@

NextState | Output
Q Q0 | O{Il.,';"'

RN E TR P e )

ek ke ek [k ek el | D DD OO OO
e | SO OO MmO D
-tcu-le'u.ca-.’e,4'fw=!-le.hﬂei-‘e - -]
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Problem6 (20 points)

FF#1 FF#0
D‘ Ql Do QO --—l ‘ -
A LA
CLOCK {
Data: FF #1 FF #0
bold time t=dns tho=8Ds
setup time  10nms tn =20 ns
propagationdelay 5 <tyq<9ns .| 10 <ty o< 18ms
through FF !

propagation delay through NOR: 7 ctyogr < 12

[14 pts.] a) Complete a detailed timing diagram (assuming maximum delays) for the FSM above using given
timing data. Show all critical delays, labelling in symbolic form, i.e., t, not 18 ns.

clock 7
D1 7 i
Q;=Dg
| I
Qo
1

ns |

|3pts.] ¢) Ifthe clock period = 1000ns, will this FSM operate correctly? Why or why not?
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