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ABSTRACT

A techniquefor deskewing apairof terminated,differential
PCB traceshasbeendevelopedin 0.25 � m CMOS tech-
nology. Thedeskewing systemutilizesa delay-locked-loop
with adigital counter-controlleddelayline to matchthede-
lay throughthepositive andnegative traces.Time domain
re�ectometry is usedto measurethe delayfrom the termi-
natingresistorto the transmittingchip. The corecircuitry
occupies588� m� 235� m. Simulationresultsindicatethat
skewsof over 1 nscanbeeliminatedusingthis technique.

1. INTRODUCTION

Many modernhigh-speeddigital systemsuse differential
techniquesfor high speedsignaltransmission.Differential
signalshave several advantagesover single-endedsignals,
suchasincreasededgeratesandgreaterimmunity to noise.
To transmitdifferentialsignals,two lines areneeded- one
for thepositivesignalandonefor thenegativesignal.If the
delaythrougheachof the lines is different,thenthediffer-
ential signalat the receiver will bedistorted,resultingin a
slowerdatatransmissionratefor theentiresystemor poten-
tially causingdatatransmissionerrors. Thedelaybetween
two linescaneasilybecomedifferentin astandardPCBde-
sign. Randommismatchbetweenthe lines can causethe
capacitanceor inductanceperunit lengthto bedifferent.In
addition, delay differencesarisefrom differencesin trace
lengthandloading.If two tracesrunadjacentto eachother,
then a turn in the path will causethe total lengthsof the
linesto bedifferent.Evensmalldifferencesin thetracede-
layscancausesubstantialproblemsfor systemswith small
timing margins.

Theproposedtechniquewill deskew signalstransmitted
througha pair of differentialmicrostrip lines. In general,
whena pair of 50 
 PCBtracesis usedto transmita differ-
ential signal to anotherchip, the traceswill be terminated
by a 100
 resistorat thereceiver, asshown in Fig. 1. For
a perfectdifferentialsignal, the 100 
 resistorbehavesas
if it hasa virtual groundat its centerandprovidesa 50 

matchedterminationfor eachline. If the differential sig-
nal is distorteddueto delaymismatchbetweenthe traces,
however, the virtual groundwill not exist, resultingin un-
matchedterminationsandsignalre�ectionson thelines.

To correctfor thedifferencein delayfor apairof differ-
ential lines,aniterative techniqueis usedto addor remove
delayto thepositive signalpathuntil theskew betweenthe
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Fig. 1. ProposedArchitectureof theDifferentialDeskewing
System

lines hasbeeneliminated. Time domainre�ectometry is
usedto comparethedelaysthroughthelines.

2. SYSTEM ARCHITECTURE

Fig. 1 shows a block diagramof the proposeddifferential
deskewingsystem.A countercontrolleddigitaldelay-locked-
loop (DLL) is setup arounda voltagecontrolleddelayline
(VCDL) andthepositive PCBtraceof thepair. A �x edde-
lay line (DL) in serieswith thenegativePCBtraceis usedas
a �x eddelay. On eachpulse,thedelaythroughtheVCDL
andpositive PCB traceis adjusteduntil the delayexactly
matchesthedelaythroughthe�x eddelayline andtheneg-
ativePCBtraceanda lock is achieved.For thissystem,one
cancalculatethedelayfrom thedatainputs,throughthede-
lay lines and output buffers, to the receiving chip for the
positive (T+ ) andnegative (T � ) lines. Thesetotal delays
will begivenby:

T+ = Tvcdl + Tbuf + Tustr ip;p (1)

T � = Tdl + Tbuf + Tustr ip;n (2)

WhereTvcdl is thedelaythroughtheVCDL, Tbuf is thede-
lay of theoutputdrivers,Tustr ip;p is thedelaythroughthe
positive microstripline, andTustr ip;n is the delaythrough
thenegative microstripline. It hasbeenassumedherethat
bothoutputdriversareidenticalandhave exactly thesame
delay. In practice,randommismatchbetweenthe drivers
will causethedelaythroughthedriversto beslightly differ-
ent.

To comparethedelaysthroughthePCBtraces,theneg-
ative output driver is placedinto a high-impedancemode
andthepositiveoutputis pulsedrepeatedlyusingtheData+
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Fig. 2. Circuit Model for a TerminatedPair of Differential
Lines

input. Eachpulsetravelsdown thepositive line andreaches
theterminatingresistor. At theresistor, thepulseis partially
re�ectedbackdown thepositive line andpartially transmit-
teddown thenegative line, asshown in Fig. 2. There�ec-
tion andtransmissioncoef�cients at theendof the line are
givenby Eq.3 and4.

� =
(RL + Zo) � Zo

(RL + Zo) + Zo
=

1
2

(3)

T = 1 + � =
3
2

(4)

WhereZo is the traceimpedance(ideally 50 
 ) andRL is
the resistanceof the terminatingresistor(ideally 100 
 ).
Themagnitudesof the re�ected andtransmittedpulsesare
thencalculatedasshown in Eq.5 and6.

V � = � � Vinc =
1
2

Vinc (5)

V + = T � Vinc �
Zo

RL + Zo
=

1
2

Vinc (6)

whereV inc is themagnitudeof theincidentpulse.Thesere-
�ected andtransmittedpulsestravel backto thechipandare
detectedon-chipusingan appropriatelytuneddetectoron
eachline. Thedetectorsin this implementationarerealized
usingcomparatorswith oneinput tied to a DC level[1, 2].
By adjustingtheDC level, thedetectvoltagecaneasilybe
adjustedto thecorrectvalue.Comparatorsareusedinstead
of Schmitt triggers in this implementationbecausecom-
paratorsexhibit an easily tunabletrip point while not sac-
ri�cing a fastswitchingcharacteristic.The relative phase
betweenthe outputsof the two detectorsindicatesthe dif-
ferencein delaysthroughthetwo PCBtraces.For thesys-
temto achievealock,however, thedelaythrougheachtrace
plusthedelaythroughthecorrespondingdelayline mustbe
compared.Therefore,theoutputof eachdetectoris passed
througha replicaof thecorrespondingdelayline beforethe
relative phasebetweenthesignalsis compared[3, 4]. The
total times requiredfor the signalsto travel from the ter-
minating resistorto the phasecomparatorfor the positive
(Tr ef l ect + ) andnegative (Tr ef l ect � ) linesaregivenby:

Tr ef l ect + = Tustr ip;p + Tdetect + Tvcdl (7)

Tr ef l ect � = Tustr ip;n + Tdetect + Tdl (8)

WhereTdetect is thedelaythroughadetectorandit hasbeen
assumedthatthedelaysthroughthedetectorsfor bothlines
areidentical. Whenthe systemachievesa lock, Tr ef l ect +

andTr ef l ect � will beidentical.At thispoint,

Tustr ip;p + Tvcdl = Tustr ip;n + Tdl (9)

Whenthis occurs,T + = T � andthedatawill besyn-
chronizedat thereceiver.
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3. CIRCUIT DESCRIPTIONS

Thedeskew systemin Fig.1 consistsof aVCDL, DL, phase
comparator(PC),up/down counter, a countercontrolblock
to interfacethePCto thecounter, outputdrivers,andre�ec-
tion detectors.Theup/down counterandoutputdriversare
built usingstandardstaticCMOStechniques.Theremain-
ing circuitswill bedescribedasfollows.

3.1. PhaseComparator

Many conventionalphasecomparatorsarelimited by adead
zone,wherethePCcannotdeterminetherelative phasesof
its inputs. To overcomethis, a precharge-typephasecom-
paratoris used[3, 4], asshown in Fig. 3. If the X signal
leadstheY signal,thentheoutputwill below until Y rises.
Otherwise,the outputwill remaincontinuouslyhigh. The
timing diagramof theseeventsareshown in Fig. 4.

Sincethe structurein Fig. 3 canonly detectif X leads
Y, two of thesestructuresareusedto createthe complete
phasecomparator[3, 4], asshown in Fig. 5. In thisway, the
relativephaseof theinputscanalwaysbedetermined.

3.2. Counter Control

The purposeof the countercontrol block is to allow the
PC to interfaceto the up/down counter. The width of the
outputof the PC dependson the skew betweenthe PC in-
puts and becomesarbitrarily small as the inputs become
deskewed. The counterclock input, however, requiresa
minimum pulsewidth for properoperation. To ensurea
minimum pulsewidth for the counterinput the circuit in
Fig. 6 is used.A timing diagramof this circuit's outputis
shown in Fig. 7. In this circuit, aninput pulseon theSline
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of arbitrarily smallwidth triggersanoutputpulseof width
equalto tdel ay .

3.3. DelayLine

Fig.8 showsthestructureof thebinaryweightedVCDL [5].
The VCDL consistsof a numberof blocks in series,with
eachblock beingtunedto a binaryweighteddelayasindi-
catedby themultipliers.Thenumberof blockscorresponds
to thenumberof controlbits of theVCDL. Themaximum
delayblock is setby the numberof bits of the system,N,
andwill beequalto tmin � 2N � 1 wheretmin is theminimum
delayincrementof thedelayline. Themaximumdelaycor-
rectionthatcanbeachievedwill begivenby tmin � (2N -1).

TheVCDL in thisproposalconsistsof anumberof RC-
delay blocks in series. The schematicfor eachblock is
shown in Fig. 9 [3, 6]. This block is simply an inverter
followed by an adjustableload. If Vctrl is high, the gate
capacitancefrom Mn2 is addedto thesignalpath. If Vctrl
is low, thegateof Mn2 is isolatedfrom the restof thecir-
cuit. By placinga large numberof theseblocks in series,
thedelaythroughtheentirechaincanbecontrolled.

For theeight-bitsystemproposedhere,thedelayis ad-

 

Fig. 10. Waveformsat theReceiver BeforeDeskewing

justablefrom 12.5psto 3.1875nsin incrementsof 12.5ps.
To accomplishthis, delayblockscorrespondingto 12.5ps,
25ps,50ps,100ps,200ps,400ps,800ps,and1.6nsarebuilt.
Delaysgreaterthan50psarecreatedby placinga number
of 50psblocksin series.This techniquehelpsminimizethe
effectsof broadshifts in processparameterson therelative
magnitudesof thedelayblocks. In addition,usinga larger
numberof stageswith eachhaving a smalldelayresultsin
smallerduty cycle variationsthanusinga fewer numberof
stageswith eachhaving a largedelay.

To ensuremonotonicityof delays,thethreelowestorder
bits arecodedusinga thermometerencoding[7]. In a ther-
mometerencoding,eight12.5psblocksarecreatedinstead
of the threeblockscorrespondingto the lowest threebits.
Theappropriatedelaysfor the threebits arecreatedby us-
ing theappropriatenumberof 12.5psblocks.For example,
for adelayof 25ps,thelasttwo blocksareused.For adelay
of 75ps,the last6 blocksareused.Any particulardelayis
createdby taking thenext smallerdelayandaddinganad-
ditional 12.5psblock. Sinceconstructionof any onedelay
requiresuseof thenext smallerdelay, themonotonicityof
delaysis ensured.

4. EXPERIMENT AL RESULTS

Thesystemhasbeenfabricatedin a TSMC 0.25� m, 1P5M
processandtestedusinga 2.5V power supply. For thetest,
a customPCB wasfabricatedwith traceshaving identical
physicaldimensions,but adifferencein lengthof 2.1inches
for forcea delayat thereceiver. In practice,this delaydif-
ferencecan originate from processor load variationsbe-
tweenthe lines. Waveformsat both terminalsof the termi-
natingresistorareshown before(Fig.10)andafter(Fig.11)
correction. As evident in Fig. 10, the delaydifferencebe-
tweenthe tracescausesa mismatchin the terminatingre-
sistorandringing on both lines. Deskewing eliminatesthis
ringing,resultingin amuchcleanersignalacrossthetermi-
natingresistor, asshown in Fig. 11. Thedifferentialsignals
beforeandafter deskewing areshown in Fig. 12, demon-
stratinga speedupof approximately200ps. A die photoof
the chip is shown in Fig. 13. The corecircuitry occupies
588� m� 235� m.
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Fig. 13. Die Photo

5. CONCLUSION

In this paper, a techniquefor deskewing differential PCB
traceshasbeenpresented.This systemimplementsa DLL
usingaprecharge-typephasedetectorandacounter-controlled
VCDL with a minimum resolutionof 12.5ps. The system
hasbeenveri�ed throughmeasurementin a 0.25� m pro-
cessandis foundto eliminateskewsof over950psbetween
traces.
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