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Err::r: :I::E-phm o Office: HI:Eh-lﬁlnn"I[H}:I-I;IIE » Design a vending machine controller that will release (output

Phone: BAT-45{-3708 Fmad-  nesloradiu_northecstern.edu signal r) an apple as soon as 30¢ have been inserted
. Diatd Bikd ¢ The machine's sensors will clock your controller when an event
Office: Tech. Inst. Lazn occurs. | he machine accepts only dimes (input signal d) and
Phone:  B47-491-3083

T quarters (input signal q) and does not give change

& When an apple is removed from the open machine, it indicates
this by clocking the controller with an input of d

# |he sensors use only a single bit to communicate with the
controdler

Word description to state diagram

# We can enumerate the inputs on which an apple should be H
redeased

ddd + ddq + dg + qd + qq
d(dd + dg + q) + q{d + q)

d(d(d + q) + g} + q(d + q)
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Mealy FSMs Mealy tabular form
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Back to latches

F5M design summary

]

Specify requirements in natural form

Manually derive state diagram

s Aptomatkc way to go from English to F5M, however more theory

required » Latches: Level sensitive
« Can minimize state count, howeser, more theory also required

= See me If you want more Information on this, or take a compllers
course and a graduate-level switching theory coursa, or take my
ECE 303

Assign values to states to minimize logic complexity
Optimize implementation of state and output functions

s Flip-flops: Edge-triggered
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Review: Clocking conventions Latch and fhp-Hlop equations
Actrve-high transparent Active-low transparent
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Latch and flip-flop equations

.

latch
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1K K| —|r Q
Q=1+ Q RS

*=TaQ

Use output feedback to ensure that RS # 11
r=QK+4QJ
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JK latch
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Falling edge-triggered D flip-flop Falling edge-tnggered D Hip-flop

Use two stages of latches ’
When clock is high ‘ .
= First stage samples Input w.o. changing second stage ,:}T .

L]

« Second stage holds value = E
# When clock gpoes low ._'-'_3 | =
» First stage holds wvalue and sets or resats second stage 5
+ Second stage transmits first stage .
.« Q+=D =
# One of the most commonly used flip-flo D =
¥ p-flops _'—E:,,__,,
Clock high
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Falling edge-triggered D flip-flop Falling edge-tnggered D Hip-flop
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Chock switching

Inputs sampled on falling edge, cutputs change after falling edge Clock low
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Another view of an edge-triggered DFF
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