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Abstract— During the past years, due to the decreaseof
the minimum feature sizein CMOS technology, the on-chip
clock fr equencieshave increaseddramatically ranging into
the GHz domain. This increasehasalsopushedthe needfor
higher data-transfer rates betweenthesehigh-speedICs, in
order to optimize the entire PCB system. As a result, the
clock/data skew can span tens of clock cycles. In order to
cope with this skew, synchronization strategieshave been
developed which rely on either analogueor digital multi-
tap delay-lines.In order for the synchronization mechanism
to function properly, all tap-delaysof the delay-line should
have the samevalueswithin few percentages.

This paper presentsa technique,basedon the oscillation
method, to measure tap-delaysof a delay-line with an accu-
racy of § 10ps.A chip hasalsobeenimplementedin an UMC
0.18¹m CMOS technology to prove our assumption. The
measurementscarried out on the chip con�rmed the above
mentionedaccuracy.

Keywords— Delay-fault testing, BIST, High-Speed Chip
Interfaces,Oscillation-based

I . INTRODUCTION

SoCdesignis being facilitatedby the developmentof
new deepsub-microntechnologies.More andmorecores
canbe squeezedon the samedie, resultingin ever more
complex systems.While the numberof devicesper SoC
is increasingat anexponentialrate,thenumberof access
pinsof theSoCis not. A hugeamountof informationgen-
erated/received by the SoCshouldpassvia a small num-
berof pins. In ordernot to hindertheSoCdesignstrategy,
the transferrateperpin shouldbe increaseddramatically.
High-speedsynchronizationstrategies betweenICs have
beendevelopedto addressthis issue.

This paperis organizedasfollows: sectionII will pro-
vide an overview of someexisting high-speedinter-chip
synchronizationstrategies. The main part of every syn-
chronizationmoduleis foundto bea high-speedmulti-tap
delay-line.A DfT-awareimplementationof sucha delay-
line will be shown in sectionIII . SectionIV will present
how an oscillationtechniquecanbe usedto measuretap
delays. The next sectionV will presentthe real scheme
implementedin the UMC 0.18¹m CMOS process.The
obtainedmeasurementresultsareshown in sectionVI . Fi-

nally, theconclusionsaregivenin sectionVII .

I I . FUNCTIONAL DESCRIPTIONS OF HIGH-SPEED

INTERFACES

Many papers[7, 5, 4, 10] have beenpublishedthat ad-
dressthehigh-speeddatasynchronizationbetweenSoCs.
All of the synchronizationmechanismshave something
in common,beinga delay-lineeitherdigital or analogue,
controlled or not, tappedor not. The synchronization
mechanismisdependentonthesedelay-linesandany man-
ufacturingfault,eithercatastrophicor not,will hamperthe
functionalityof thesynchronizationmechanism.

A genericarchitectureof a high-speedsynchronization
mechanismis presentedin Figure1. Thedatacanbetrans-

Fig. 1
GENERIC ARCHITECTURE OF A HIGH-SPEED

SYNCHRONIZATION MECHANISM

mitted from onechip to anotherusinglow-voltagediffer-
entialsignaling(LVDS). In Figure1, thedifferentialinputs
arerepresentedby the” inP” and” inN” signals.Thetrans-
mitteddatais synchronouswith theclock signal”clk” but
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the skew betweenthe dataand the clock canspanmany
clock cycles. The differential signal is transformedon-
chip in a single-endedsignal (” in”) by the AMP opera-
tional ampli�er. This signalthenpassesa multi-tapdelay-
line. Differentdelayedversionsof the ” in” signalcanbe
selectedby the two MUXs. Thereare two symmetrical
paths.Thesetwo pathsarenecessaryfor thedigital syn-
chronization control module,seenon the right side of
Figure1. Following theselectionof a certaintap,thedata
is transformedfrom serial to parallelby the deserialiser
module(Figure1). This modulecomprisesof only �ip-
�ops, which areclockedby differentphasesandfrequen-
ciesof theinitial clock ”clk”. Theclock division block is
theonethat takescareof thegenerationof theclocksfor
thewholedesign.

The digital synchronization control moduleis gener-
ating all the selectsignalsfor the two accessMUXs. In
thisblock,thecorrectsamplingpointof theincomingdata
is calculatedandthepropertapis selected.

Testing these type of interfaces in general, and the
delay-linesin particular, is verydif�cult whileusingaclas-
sical scan-testmethod. A list of reasonsis given below
why thescan-testtechniquecannotbeeasilyapplied:
² Most of the time, the high-speedinterfacedesigncom-
prisessomeanaloguemodules,while the scan-testis in-
tendedfor digital testingonly.
² Even if the synchronizationmechanismis puredigital,
scan-testcannotbeapplieddueto thenegative impacton
thespeedperformanceof theinterface.
² Scan-testhasbeenmainly designedfor stuck-atfaults.
However, for ahigh-speedinterfaceespeciallydelayfaults
arecrucial.
² At-speedtest using the scan-teststrategy can be pro-
hibitively expensive becauseit canonly beperformedus-
ing costlyhigh-speedATE systems.
² Scan-testof a delay-line will introduceseveral unde-
tectedstuck-atfaults due to the inability to provide dif-
ferentinputsto theaccessmultiplexers[8, pages48-49].

The digital synchronization module requiresthat all
tap-delayvaluesshouldbeverywell matchedat thelayout
level. Thereforea techniqueto accuratelymeasurethese
tap-delayswithin an accuracy of § 10pshadto be devel-
opedin our case. The following sectionswill presenta
delay-lineusedasacorepartin ahigh-speedsynchroniza-
tion mechanismtogetherwith the differential oscillation
techniquewhich is able to measurethe tap-delayvalues
with the requestedaccuracy. In reference[9], a similar
measurementaccuracy is achieved in simulationsby us-
ing a mutualexclusion(MUTEX) element.However, an
accuratelycalibrateddelay line is requiredto obtain this
accuracy.

I I I . BLOCK SCHEME OF A MULTI-TAP DELAY-L INE

Figure2 shows a multi-tapdelay-lineschemeusedin a
high-speedsynchronizationmechanism.For the time be-
ing, thereadershouldignoretheshadedtransmissiongates
which belongto theDfT hardware. They will bereferred
to in the next section. An intrinsic buffer, asthe onebe-
tweenthe”a” and”b” signals,is comprisedof anoddnum-
berof inverters,wheretheexactnumberis applicationspe-
ci�c. Usually thenumberof invertersinsidea buffer is 2;
thereforethedelayassociatedwith thesetap-delaysis very
small(around400ps).

In functional mode, the signal ”data in” is propagat-
ing to theoutputsignals”outX ” and”outY ” via a certain
numberof tapsselectedby one of the signals”xt< 0> ”
: : : ”xt< 8> ” and”yt< 0> ” : : : ”yt< 8> ”. Only oneof the
signals”xt< 0> ” : : : ”xt< 8> ” canbe logic oneat a cer-
tain moment.This alsoholdsfor thesignals”yt< 0> ” : : :
”yt< 8> ”.

IV. TAP-DELAY MEASUREMENTS USING A

DIFFERENTIAL OSCILLATION TECHNIQUE

Oscillationtechniqueshavebeenextensively usedin the
pastto characterize,measureandanalyzedelays.Thering
oscillatorwasprobablythe �rst designutilized to charac-
terizethespeedof a new technologyusingtheoscillation
technique.Sincethen,thesameoscillationtechniquehas
beenalsousedto testanaloganddigital circuits[2,1]. The
powerof this techniquelies in thefactthattwice theaver-
age delays,betweenfalling andrising propagationdelays,
in an oscillationloop is equalwith the oscillationperiod.
Therefore,if theoscillationperiodor thefrequency is pre-
ciselyknown, theaveragedelayof theoscillationloopcan
becalculated.

Ouraim is to measurethetap-delaysof adelayline and
not thedelayof anoscillationloop. Therefore,a plain os-
cillation techniqueis notveryusefulfor determiningthese
tap-delays.Instead,a differentialoscillationtechnique,as
explainedbellow, is used.

The shadedtransmissiongatesin Figure2 arebelong-
ing to our insertedDfT hardware.Theirpurposeis to gen-
erateshorteroscillationperiodsby closingtheoscillation
loopsinsidethedelay-line.Theseshortoscillationperiods
permit an increasein the measurementaccuracy dueto a
smallerin�uence of thepower supplyandtemperature[8,
page137].

Let uspresumethatanoscillationloop T X
8¡ 6 (Figure2)

is activatedby selectingtap#8(signal ”xt< 8> ” is logic
one)andclosingtheloopin frontof tap#6(signal”xf< 6> ”
is logic one). At the sametime the transmissiongate in
front of tap#6,controlledby signal”xyp< 6> ” shouldbe
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