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InterfacesBetweenClock Domains

This lecture covers two topics relatedto the designof interfacesbetweenlogic circuits that use different clocks:

metastabilityandglitches.

After this lecture you shouldbe able to: identify circuits whele metastabléoehaviouris possible;add syndironizer
flip-flops to reducethe probability of metastability; computethe meantime betweenmetastableoutputs; identify
combinationakircuitsthat mightcontainhazads; andmodifythesecircuitsto remavehazadsby registeringoutputs.

M etastability

I ntroduction

The properoperationof a clocked flip-flop depends
ontheinput beingstablefor a certainperiodof time
beforeandaftertheclock edge.If thesetupandhold
timerequirementaremet,thecorrectoutputwill ap-
pearatavalid outputlevel (between/o andVpy) at
theflip-flop outputafteramaximumdelayof tco (the
clock-to-outputdelay). However, if thesesetupand
holdtimerequirementsrenotmetthentheoutputof
theflip-flop maytake mud longerthantco to reacha
valid logic level. Thisis calledmetastabléehaiour
or metastability

An invalid logic level at the outputof the flip-flop
may beinterpretedby somelogic gatesasa’l’ and
by othersasa’0’. This leadsto unpredictableand
usuallyincorrectbehaiour of thecircuit.

In the synchronougircuits we have studiedthus
far we have beenable to prevent metastabilityby
clockingall flip-flopsfrom thesameclockandensus
ing thatthemaximumpropagatiordelayof ary com-
binationallogic pathis lessthanthe clock periodmi-
nusthe flip-flop setuptime and clock-to-outputde-
lay.

However, wheninputsto asynchronousircuit are
not synchronizedo theclock, it is impossiblgo en-
surethatthe setupandhold timeswill be met. This
will eventuallyleadto theincorrectbehaiour of the
device. It is importantto realizethat all practical
logic circuits will eventuallyfail dueto metastabil-
ity. However, the designershouldtry to ensurethat
thesdailureshapperveryinfrequently(e.g.onceper
10° or 1P yearsof operation)sothatothercause®f
failurepredominate.
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Computing M TBF

Theaveragetime betweermmetastabl®utputs(mean
timebetweerfailuresor ' MTBF’) is givenby thefor-
mula:

CatmeT

MTBF = ——
Ci feik faata

whereC,; andC, are constantghat dependon the
technologyusedto build the flip-flop, tmg is the du-
ration of the metastableoutput, and fox and fyaa
arethefrequencie®f thesynchronouslock andthe
asynchronoumput respectiely.

Let's computethe MTBF assumingwe usedthe
lab FPGA boards internal oscillator as a clock to
registerthe PC-104busIOR* signal. Sincetheclock
andthessignalbeingregisteredarecomingfrom dif-
ferent oscillatorsthe input is asynchronous. The
clock frequeng, fqk is 25.175MHz. The exact
frequeng of IOR* will dependon the programbe-
ing executed but let's assume valueof fo k2/4 =
8.333/4 = 2.08 MHz. For the Altera Flex10K fam-
ily C1 =1x 10 andC, = 1.3 x 107, For cor
rect operationof our circuit the settlingtime of the
flip-flop output, the metastabldime tyet, mustbe
lessthanthe clock periodminusthe maximumprop-
agationdelaysthroughthe combinationalogic ele-
mentsminus the setuptimes of the other flip-flops
in the circuit. The setuptime of the -4 speedgrade
10K20inputflip-flops,tiogy, isis 3.2ns,thustyer =
tak —tpp —tiogy. If we assumdpp is, for example,
30ns,tyetr =39.7— 30— 3.2 = 6.5nsandthe MTBF
is:

gl 3x 10'0%6.5x 1079

MTBF = S
1x10-13x 25175%x 10F x 2.08x 10°

whichabout10®3 secondgavery long time).



Reducing M etastability

The simplestapproachis to slov down the clock
sincethis provides a longer time for the output of

theflip-flop to reacha stableoutputvalue. Because

the MTBF increasegxponentiallywith tyer asmall
reductionin clock frequeng will oftenbeenoughto
increasehe MTBF to anacceptabl@alue.However,
in othercaseghisapproactwill beunacceptablee-
causeheresultingclock ratewill betoo slow.

Anotherapproachs to useflip-flops with shorter
setupand hold times (and correspondinglysmaller
C; andlargerC, values). Wheneer possible these
“metastable-hardenédlip-flops shouldbe usedon
asynchronousputs.

If this doesnot resultin the desireddegreeof re-
liability it is possibleto usetwo or more flip-flops
in series. In this casethe outputof the secondflip-
flop will only be metastabléf bothflip-flop outputs
weremetastable The disadwantageof this approach
is thatthe input will now be delayedby oneto two
clock periods(insteadof zeroto oneclock periods).

Input Synchronizers

An asynchronoumputshouldnotbeuseddirectlyin
a synchronougircuit becausdifferentpropagation
delayswithin thecircuit maycausesomeflip-flopsto
registeronevalueandothersto registerthe opposite
value. This will almostcertainly leadto incorrect
behaiour.
Evenwhensuchproblemsareavoided,suchacir-
cuitis morelikely to violate of setupandhold times
andtherewill beahigherlikelihoodof metastability
Such problems can be avoided by registering

eachasynchronouput usinga single metastable-

hardenedlip-flop and usingthe outputof this flip-

flop outputto drive therestof thelogic. Thisresults
in adelayof upto 1 clock periodin beforethecircuit
canrespondo the changednput. Usuallythisis an
acceptablerade-of for improvedreliability.

Exercise: Draw the schematic of an input synchronizer.

Glitchesand Hazards

Glitchesareshorttemporarychangesn outputsthat
are causedy differentpropagatiordelaysin a cir-

cuit. Therearetwo reasonsvhy glitchesareundesir
able.

The first setof problemsis relatedto noiseand
power. Sinceglitchesareshortpulsesmuchof their
enegy is at high frequenciesand this power cou-
ples easily onto adjacentconductors. This induces
noiseinto othercircuits andreducegheir noiseim-
munity. Glitchesalso causepower supply current
spikeswhichresultin voltagetransientonthepower
supplylines. Anotherproblemwith glitchesis that
in CMOS logic familiescurrentconsumptioris pro-
portionalto the numberof gateoutputchangesand
glitchesleadto increasedturrentconsumption.

Thesecondsetof problemsarisesvhenthedigital
outputof onecircuit is usedasaclockin anotherir-
cuit (e.g. to drive a counteror register). In this case
glitchescauseundesiredclock edges(similar to the
switch bounceproblems). In synchronougsingle-
clock) circuitstheseglitchesarenota problem.

Exercise: Why not?

Glitchescanbe reducedoy modifying the design
of thecombinationalogic. However, this usuallyin-
troducesadditionallogic. Glitcheson signalsthat
areconfinedto shortpathswithin a circuit or inside
achip areusuallytolerated.However, whenoutputs
arebroughtoff a chip, boardor system(e.g. ontoa
bus)it is goodpracticeto eliminateglitches.

The simplestway to eliminateglitchesis to use
a registeredoutputsignal. The outputof a flip-flop
change®nly once,ontheclock edge andthuselim-
inatesary glitchesonits input. Therearetwo ways
to registeroutputs.Oftenit is possibleto useregister
outputsdirectly suchaswhenanoutputis alreadyin
a dataregisteror whenthe signalsarestatemachine
stateregisters.The secondnethodis to passthe sig-
nalthroughanadditionalflip-flop beforeit is output.
The disadwantageof this methodis that the output
will bedelayedby oneclock period.



