ELEC 3500: Assignment 4
Due on 6th Apr 2005 in class. Total marks: 20

1. The state diagram shown below describes a synchronous FSM with inputs x, y and z. z is a synchronous signal
wheras x and y are asynchronous. Is there a problem with this design? If so, suggest a solution to the problem.

5 Marks
y
Ans: Make S2 and S6 differ by one bit; S3 and S4 differ by one bit; S6 and S5 differ by one bit.
2. Interface the gadget with the FSM shown in the following figure using debouncing. 3 Marks
@ Clock

— D1 V1

— D2 V2 —

Gadget

— D3 V3 —
— D4 \Z3

ANs:

o e

\4!
1D 1D 1D

D2 V2
1D 1D 1D

Gadget D3 V3 FSM

1D T 1D 1D

D4 V4
1D T 1D 1D

is

) Do

3. Find the maximum delay in the clock buffers for the shift registers shoywn= 10ns

(@ 2 Marks



tocrgv = 2ns max

trog = Ons min For all flip—flops

D, o D, Q2 Dj Qs
D ————————D — D —
tpD = 1Ins tpD = 1ns
—T1 P C C C
tskew1—2 ’7 tskew2—3
Clock; Clocks Clocks

ANs: tpp 2> thold + tskew — tC’HQV = 12> 0+ tspewi—2 — 2 and1 > 0+ tsgew2—3 — 2. Hence,
tskewl—2 < 3ns aNdtspewa—3 < 3ns
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ANStspewi—2 < tar = Ins andtspewz—3 < tar = Ins

. Findt pp(min) @Ndt pp(mas) iN the following circuit. 4 Marks
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ANS: tpp(min) = thotd + |tskew| — tcHQV SOtpD(min) = 1 +2 =3 = 0nS. tppimaz) = teik — |tskew| —
tsetup — tcHQV SOLPD(maz) = 40—-2—-3—-3=32ns

(&) Anasynchronous signal is synchronized through a single D flip-flop before being fed directly to a flip-flop
in a synchronous FSM. The system is clocked at a frequency of 20MHz and the average data frequency
is 1IMHz. The rise time of the data signal is 1ms. The setup time of the signal is 30ns andfttiee D
latches is given to be 0.43ns. Calculate MTBF. 2 Marks

Ans:
eTJ/T
K-fc-fp
K =2tyise, Ty = Tork — Tsetup = 50ns — 30ns = 20ns. MTBF can be evaluated to 1396 x 10°.

MTBF =



(b) In the above question instead of using one flip-flop for synchronization, two flip-flops are used for syn-
chronization. In addition, a digital gate is introduced between the synchronization block and the FSM. The
digital gate has a propagation delay of 10ns. Calculate MTBF. 2 Marks
Ans:

T; =2Tcrk — Tprop—detay — 2T setup = 2 * 50ns — 10ns — 2 * 30ns = 30ns. MTBF can be evaluated

to be4.98 x 1019.



