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Abstract— During the past years, due to the decreaseof
the minimum feature sizein CMOS technology the on-chip
clock frequencieshave increaseddramatically ranging into
the GHz domain. This increasehasalso pushedthe 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 strategies have been
developed which rely on either analogue or 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
0.18m CMOS technologyto 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

|. INTRODUCTION

SoCdesignis beingfacilitated by the developmentof
new deepsub-microntechnologiesMore andmorecores
canbe squeezean the samedie, resultingin ever more
complex systems.While the numberof devicesper SoC
is increasingat an exponentialrate, the numberof access
pinsof the SoCis not. A hugeamountof informationgen-
erated/receied by the SoC shouldpassvia a small num-
berof pins. In ordernotto hinderthe SoCdesignstrateyy,
the transferrate per pin shouldbe increasediramatically
High-speedsynchronizatiorstrateyies betweenlCs have
beendevelopedto addresshisissue.

This paperis organizedasfollows: sectionll|/will pro-
vide an overvien of someexisting high-speednter-chip
synchronizatiorstratgies. The main part of every syn-
chronizationrmoduleis foundto be a high-speednulti-tap
delay-line. A DfT-awareimplementatiorof sucha delay-
line will be shavn in sectionlll. SectionlV|will present
how an oscillationtechniquecanbe usedto measurdap
delays. The next sectionV will presentthe real scheme
implementedn the UMC 0.18m CMOS process. The
obtainedmeasuremenesultsareshavn in sectionVI. Fi-

nally, the conclusionsaregivenin sectionVII.

Il. FUNCTIONAL DESCRIPTIONS OF HIGH-SPEED
INTERFACES

Many paperg[7,5, 4, 10] have beenpublishedthat ad-
dressthe high-speediatasynchronizatiorbetweenSoCs.
All of the synchronizationmechanismsave something
in common,beinga delay-lineeitherdigital or analogue,
controlled or not, tappedor not. The synchronization
mechanisnis dependendnthesedelay-linesandary man-
ufacturingfault, eithercatastrophior not, will hampethe
functionality of the synchronizatioimechanism.

A genericarchitectureof a high-speedynchronization
mechanisnis presentedh Figurel. Thedatacanbetrans-
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GENERIC ARCHITECTURE OF A HIGH-SPEED
SYNCHRONIZATION MECHANISM

mitted from one chip to anotherusinglow-voltagediffer-
entialsignaling(LVDS). In Figure1l, thedifferentialinputs
arerepresentetly the”inP” and”inN” signals.Thetrans-
mitted datais synchronousvith the clock signal” clk” but
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the skew betweenthe dataandthe clock canspanmary
clock cycles. The differential signalis transformedon-
chip in a single-endedsignal ("in”) by the AMP opera-
tionalampli er. This signalthenpasses multi-tapdelay-
line. Differentdelayedversionsof the”in” signalcanbe
selectedby the two MUXs. Therearetwo symmetrical
paths. Thesetwo pathsare necessaryor the digital syn-
chronization control module, seenon the right side of
Figurel. Following the selectionof a certaintap,thedata
is transformedrom serialto parallelby the deserialiser
module (Figure/1). This modulecomprisesof only ip-
ops, which areclocked by differentphasesandfrequen-
ciesof theinitial clock”clk”. Theclock division block is
the onethattakescareof the generatiorof the clocksfor
thewholedesign.

The digital synchronization control moduleis gener
ating all the selectsignalsfor the two accesdMUXs. In
this block, thecorrectsamplingpoint of theincomingdata
is calculatedandthe propertapis selected.

Testing thesetype of interfacesin general, and the
delay-linedn particularis verydif cult while usingaclas-
sical scan-testmethod. A list of reasonss given belov
why the scan-testechniquecannotbe easilyapplied:

2 Most of the time, the high-speednterfacedesigncom-
prisessomeanaloguemodules,while the scan-tesis in-

tendedfor digital testingonly.

2 Evenif the synchronizatiormechanisnis puredigital,
scan-testannotbe applieddueto the nggative impacton
thespeederformancef theinterface.

2 Scan-teshasbeenmainly designedor stuck-atfaults.
However, for a high-speednterfaceespeciallydelayfaults
arecrucial.

2 At-speedtest using the scan-tesistratgy can be pro-
hibitively expensve becauset canonly be performedus-
ing costlyhigh-speedATE systems.

2 Scan-testof a delay-linewill introduce several unde-
tectedstuck-atfaults due to the inability to provide dif-

ferentinputsto theaccessnultiplexers[8, pages48-49].

The digital synchronization module requiresthat all
tap-delayvaluesshouldbevery well matchedatthelayout
level. Thereforea techniqueto accuratelymeasurghese
tap-delayswithin anaccurag of § 10pshadto be devel-
opedin our case. The following sectionswill presenta
delay-lineusedasa corepartin ahigh-speedgynchroniza-
tion mechanisntogetherwith the differential oscillation
techniquewhich is able to measurethe tap-delayvalues
with the requestedaccurag. In reference9], a similar
measuremenaccurag is achiezed in simulationsby us-
ing a mutual exclusion(MUTEX) element. However, an
accuratelycalibrateddelay line is requiredto obtainthis
accuray.

[1l. BLOCK SCHEME OF A MULTI-TAP DELAY-LINE

Figure’2 shavs a multi-tap delay-lineschemeusedin a
high-speedsynchronizatiormechanism.For the time be-
ing, thereadershouldignoretheshadedransmissiomates
which belongto the DfT hardware. They will bereferred
to in the next section. An intrinsic buffer, asthe onebe-
tweenthe”a” and”b” signalsjs comprisedfanoddnum-
berof inverters wheretheexactnumberis applicationspe-
ci c. Usuallythe numberof invertersinsidea buffer is 2;
thereforethedelayassociateavith theseap-delayss very
small(around400ps).

In functional mode, the signal "data.in” is propagt-
ing to the outputsignals”out® ” and”out”” via a certain
numberof tapsselectedby one of the signals”xt< 0>"
X8> and’yt< 0> 1ol "yt 8> 7. Only oneof the
signals”xt<0>" ::: "xt<8>" canbe logic oneat a cer
tain moment. This alsoholdsfor thesignals’yt<0>" :::
"yt< 8>,

V. TAP-DELAY MEASUREMENTS USING A
DIFFERENTIAL OSCILLATION TECHNIQUE

Oscillationtechnique$iave beenextensiely usedn the
pastto characterizemeasureandanalyzedelays.Thering
oscillatorwasprobablythe rst designutilized to charac-
terizethe speedof a new technologyusingthe oscillation
technique.Sincethen,the sameoscillationtechniquehas
beenalsousedto testanaloganddigital circuits[2,1]. The
power of thistechniqudiesin thefactthattwice theaver
age delays betweerfalling andrising propagtiondelays,
in an oscillationloop is equalwith the oscillationperiod.
Thereforejf the oscillationperiodor thefrequeny is pre-
ciselyknown, theaveragedelayof the oscillationloop can
becalculated.

Ouraimis to measurdghetap-delayf adelayline and
notthe delayof anoscillationloop. Thereforea plain os-
cillation techniques notvery usefulfor determininghese
tap-delayslinsteada differentialoscillationtechniqueas
explainedbellow, is used.

The shadedransmissiorgatesin Figure/2 are belong-
ing to ourinsertedDfT hardware. Their purposss to gen-
erateshorteroscillationperiodsby closingthe oscillation
loopsinsidethedelay-line.Theseshortoscillationperiods
permitanincreasdn the measuremerdccurag dueto a
smallerin uence of the power supplyandtemperaturg8,
pagel37].

Let uspresumehatan oscillationloop Tgf 6 (Figure2)
is activated by selectingtap#8 (signal "xt<8>" is logic
one)andclosingtheloopin front of tap#6(signal” xf< 6>~
is logic one). At the sametime the transmissiorgate in
front of tap#6,controlledby signal”xyp< 6>" shouldbe
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