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Solution:

Present state Input Next state

A B C X A B C

0o 0 o 0 1 0 0 ‘\—".—'. y

0 0 0 1 0 0 0

T A Gl —(0) é
0 1 0 0 0 0 1

0 1 0 1 1 0 1

0 1 1 0 1 0 1 X=1

0 1 1 1 0 0 1 .—’.—"._7

1 0 0 0 1 1 o0 \ ( i
1 0 0 1 0 1 0

1 0o 1 0 0 1 0 .‘—@‘—.

1 0 1 1 1 1 0

! ! 0 0 o 1 1 State diagram is the combination of the above two diagrams.
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Present State | 00 |01 00|00 |01|11|00|01|11|10|10

Input 11002 }12j0}1|2 1|10

Output o|1,0(0(0}212}0]0]0]0]1
Next State 01 100{00|01}11|00{01|1110]|10|00
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Present Inbut Next
state P state
A B X A B
D D
0 0 0 0 0 A B B B
0 0 1 1 0 1 1
0 1 0 0 1 Alll1 1 A 1(1(1
0 1 1 0 0
1 0 0 1 0 X X
1 0 1 1 1 DA=A}_(+§X DB=AX+BX
1 1 0 1 1
1 1 1
0 I Logic diagram not given.
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Assumes for E = 0, the output remains
REE:
Mext State
Present state For Input Output
D.D,D, E=0 E=1 Z
000 0l 0ol 0
001 010 010 L
010 011 011 !
011 100 100 !
100 101 101 l
101 110 110 l
110 111 111 !
111 111 000 ]
\\ S M A N M
Tl R KA i 4 R

D,(t+1)=D,D, +D,D,+D,D,D, + D,E (D,D,D,E)
D,(t+1)=D,D, + DD, +D,D,E (D,D,E, D,D.D,E)
D,(t+1)=D, +D,D,E (D,D,D,E)

Z =D,D\D, +D25150:D1D_0+D2D_1+D2D0 :HlDO +ITzD1 +D2D_0

N T REW PR A0, BALR MAZE A B 111REE, ATLAReset(s 5 M i%
ER T bR 00 b BALS L
HL I R -
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IR, MR T B A FEW R N T8, HBLELSESAN 1 LU 2B
ANBI—A7, Rtz =0, S=1. HIREEN:

X=0/Z=0,8=0
"

VA X=1Z=1,5=0
&_:/0 ) l/?\ Present state ||'|P|.|t Next state Output
Yso A B ¢ X A B ¢ Z s
0 0 0 0 0 0 0 0 o
0 0 0 1 0 0 1 1 0
0 0 1 (4] 0 0 0 [ 0
._ 0 0 1 | 0 1 0 I 0
=1/ 0 1 0 0 0 0 0 ( o
Z=1,8=0 0 1 0 1 0 1 | 1 0
0 1 1 (4] 0 0 0 0 0
011 | I 0 0 I 0
1 ] 0 (4] 0o 0 0 0 1]
1 ) 0 1 1 0 1 1 0
1 ] 1 0 0 0 0 [ 1
1 ] 1 1 0 0 0 [ 1

D, =ACX + BCX
D, =BCX + ABCX

D, =CX
Z=AX+CX =(4+O)X
S=AC

HL I PN -
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% 1 #y ARA= OO

CLK—

10, 11, O1THYMRFP W ALANIRES, R IEH TAER BPRAESTEA,

. N2 [N
PO 5 ﬁu,éﬁﬁ%m%Aﬁ%%ﬁ#%%ﬁioﬁﬁgﬁ:
Format: RA/E (x = unspecified) e }\“-"1
i _7>1C0' R
0x/1 AR |
1140 T)IO.W 01/0

" /_(-\ : |—

o / /}J— —
Resetr'___ 000 F 10@*‘{ 0o 11 0*! 010 01!’0 A&\011 | ——

— 00—

RER:
Present state Inputs Next state Qutput Present state Inputs Next state Qutput
B ¢ D R A B ¢ D E B ¢ D R A B ¢ D E
0 0 0 o0 0o 0 0 0 0 1 1 0 0 o 0 0 0
0 0 0 01 I 0 o0 1 ] L 1 0o 1 o1 0
0 0 0 10 o 0o 1 0 0 1 1 1 0 1 0 0 1
0 0 ] 1 1 1 0 o0 1 ] L 1 1 1 10 0 1
0 0 1 o0 1 0 0 1 1 0 0 0 0 1 0 0 1
0 0 1 (U 1 0 o0 1 1 ] 0 0 1 10 0 1
0 0 1 10 o 0o 1 0 1 0 0 10 1 0 0 1
0 0 1 1 1 0o 1 0 0 1 ] 0 1 1 10 0 1
0 1 ] 0o I 0 0 1
0 1 0 0 1 0 1 1 0
0 1 ] 10 I 0 0 1
0 1 0 1 1 0 1 0 0
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0 0O 1 00 0 00O
0 1 0 0O 0 01
0 0 X X X 01 0
011 0 0 1 0 11
1 00 110 100
1 01 X X X 1 01
110 111 110
1 11 0 11 1 11

a) ARG, AIE H U R B ) R

C
= A
B

b) K Reset {5 5 H: & 4% i Az 28 (0 525 5 43 o

c)~f) The circuit is suitable for child’s toy, but not for life critical applications. In the
case of the child’s toy, it is the cheapest implementation. If an error occurs the child
just needs to reset it. In life critical applications, the immediate detection of errors is
critical. The circuit above enters invalid states for some errors. For a life critical

application, additional circuitry is needed for immediate detection of the error
(E=ABC+ABC). This circuit using the design in a), does not return from the
invalid states to a valid state automatically after one or two clock periods.
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a) fE28nsfftilr, Clock b F¥H 2 HIDIANH A& LI ] 2] 3
b) 7E16nsHix, Clock T B2 Ja D2ANH & PR 47N B £ 5 s £E24nsfff i, Clock
AT Z AT D2ANH A LI [ £ 3
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a) The longest direct path delay is from input X through the two XOR gates to the
output Y.

tdelay= tpaxor * tpaxor = 0.04 + 0.04 = 0.08 ns

b) The longest path from an external input to a positive clock edge is from input X
through the XOR gate and the inverter to the B Flip-flop.

tdelay = tpaxor * tpainv + tser = 0.04 + 0.01+ 0.02 = 0.07 ns

c) The longest path delay from the positive clock edge to output is from Flip-flop A
through the two XOR gates to the output Y.

tdelay = tparr +2 thaxor = 0.08 + 2(0.04) = 0.16 ns

d) The longest path delay from positive clock edge to positive clock edge is from
clock on Flip-flop A through the XOR gate and inverter to clock on Flip-flop B.
tdelay-clock edge to clock edge = tpdFF * fpaxor Hpdinv + s = 0.08+ 0.04 + 0.01+ 0.02 = 0.15
ns

e) The maximum frequency is 1/tgelay- clock edge to clock edge- FOT this Circuit, taelay-clock edge to
clock edge 1S 0.15 ns, so the maximum frequency is 1/0.15 ns = 6.67 GHz.

Comment: The clock frequency may need to be lower due to other delay paths that
pass outside of the circuit into its environment. Calculation of this frequency cannot
be performed in this case since data for paths through the environment is not
provided.



