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ABSTRACT

A techniguefor deslewing a pair of terminateddifferential
PCB traceshasbeendevelopedin 0.25 m CMOS tech-
nology. Thedeslewing systemutilizesa delay-locled-loop
with adigital countercontrolleddelayline to matchthe de-
lay throughthe positive and negative traces. Time domain
re ectometryis usedto measurehe delayfrom the termi-
nating resistorto the transmittingchip. The core circuitry
occupies88 m 235 m. Simulationresultsindicatethat
skews of over 1 nscanbeeliminatedusingthis technique.

1. INTRODUCTION

Many modernhigh-speeddigital systemsuse differential
techniquedor high speedsignaltransmission Differential
signalshave several advantagesover single-endedsignals,
suchasincreasecddgeratesandgreatefimmunity to noise.
To transmitdifferentialsignals,two lines areneeded one
for the positive signalandonefor the negative signal. If the
delaythrougheachof thelinesis different,thenthe differ-
ential signalat the recever will be distorted,resultingin a
slower datatransmissiomatefor the entiresystemor poten-
tially causingdatatransmissiorerrors. The delaybetween
two linescaneasilybecomdifferentin astandard>CBde-
sign. Randommismatchbetweenthe lines can causethe
capacitancer inductanceperunit lengthto be different.In
addition, delay differencesarise from differencesin trace
lengthandloading.If two tracesrun adjacento eachothet
thena turn in the pathwill causethe total lengthsof the
linesto bedifferent. Evensmalldifferencesn thetracede-
lays cancausesubstantiaproblemsfor systemswith small
timing mamgins.

Theproposedechniquewill deslew signalstransmitted
througha pair of differentialmicrostriplines. In general,
whenapairof 50 PCBtracess usedto transmita differ-
ential signalto anotherchip, the traceswill be terminated
by al100 resistorattherecever, asshovn in Fig. 1. For
a perfectdifferential signal,the 100 resistorbehaesas
if it hasa virtual groundat its centerand providesa 50
matchedterminationfor eachline. If the differential sig-
nal is distorteddueto delay mismatchbetweenthe traces,
however, the virtual groundwill not exist, resultingin un-
matchederminationsaandsignalre ectionsonthelines.

To correctfor thedifferencein delayfor a pair of differ-
entiallines, aniterative techniques usedto addor remove
delayto the positive signalpathuntil the skew betweerthe
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Fig. 1. Proposedrchitectureof theDifferentialDeslewing
System

lines hasbeeneliminated. Time domainre ectometry is
usedto comparehedelaysthroughthelines.

2. SYSTEM ARCHITECTURE

Fig. 1 shavs a block diagramof the proposeddifferential
deslewing system A countercontrolleddigital delay-locled-
loop (DLL) is setup arounda voltagecontrolleddelayline
(VCDL) andthepositive PCBtraceof thepair. A x edde-
layline (DL) in serieswith thenegative PCBtraceis usedas
a x eddelay On eachpulse,the delaythroughthe VCDL
and positive PCB traceis adjusteduntil the delay exactly
matcheghe delaythroughthe x eddelayline andthe neg-
ative PCBtraceandalock is achieved. For this systempone
cancalculatehedelayfrom thedatainputs,throughthede-
lay lines and output buffers, to the receving chip for the
positive (T*) andnegative (T ) lines. Thesetotal delays
will begivenby:

T = Tvedt + Tour + Tustr ip;p (1)

T = Ta+ Tour + Tustr ipin (2

WhereT,q isthedelaythroughtheVCDL, Ty isthede-
lay of the outputdrivers, Tysyr ip;p IS the delaythroughthe
positive microstripline, and Tysy ip;n IS the delaythrough
the negative microstripline. It hasbeenassumederethat
both outputdriversareidenticalandhave exactly the same
delay In practice,randommismatchbetweenthe drivers
will causehedelaythroughthedriversto beslightly differ-
ent.

To comparehedelaysthroughthe PCBtracesthe negy-
ative outputdriver is placedinto a high-impedancanode
andthe positive outputis pulsedrepeatediyusingthe Data+
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Fig. 2. Circuit Model for a TerminatedPair of Differential
Lines

input. Eachpulsetravelsdown thepositive line andreaches
theterminatingresistor At theresistorthepulseis partially
re ected backdown the positive line andpartially transmit-
ted down the negative line, asshowvn in Fig. 2. There ec-
tion andtransmissiorcoefcients atthe endof theline are
givenby Eq. 3 and4.

_(RL+ZO) Zo_ 1

T (RL*+Z)*+Zo 2 ®)
T=1+ :g (4)

WhereZ, is thetraceimpedancgideally 50 ) andR_ is
the resistanceof the terminatingresistor(ideally 100 ).
The magnitudef the re ected andtransmittedpulsesare
thencalculatedasshavn in Eqg.5 and6.

1
vV = Vine = évinc (5)
Z 1
VY =T Vi R|_+Z = EVinc (6)
0

whereVi,. isthemagnitudeof theincidentpulse.Thesere-
ected andtransmittecpulsedravel backto thechipandare
detectedon-chip using an appropriatelytuneddetectoron
eachline. Thedetectorsn thisimplementatiorarerealized
usingcomparatorsvith oneinput tied to a DC level[1, 2].
By adjustingthe DC level, the detectvoltagecaneasilybe
adjustedo the correctvalue. Comparatorareusedinstead
of Schmitt triggersin this implementationbecausecom-
paratorsexhibit an easilytunabletrip point while not sac-
ricing a fastswitching characteristic. The relative phase
betweenthe outputsof the two detectorsndicatesthe dif-
ferencein delaysthroughthe two PCB traces.For the sys-
temto achiere alock, however, thedelaythrougheachtrace
plusthe delaythroughthe correspondinglelayline mustbe
compared.Therefore the outputof eachdetectoris passed
throughareplicaof the correspondinglelayline beforethe
relative phasebetweenthe signalsis compareds3, 4]. The
total times requiredfor the signalsto travel from the ter-
minating resistorto the phasecomparatoifor the positive
(Tref 1ect+ ) andnegative (T;ef (et ) linesaregivenby:

Trefrect+ = Tustr ip;p + Tgetect + Tveal (7)

Trefrect = Tustr ipn t Taetect + Tal (8)
WhereTgetect isthedelaythroughadetectoandit hasbeen
assumedhatthe delaysthroughthe detectordor bothlines
areidentical. Whenthe systemachievesa lock, T, ef ject+
andT,ef1ect  Will beidentical. At this point,

Tustr ipp + Tvedl = Tustr ipn + Tal 9

Whenthis occurs,T* = T andthedatawill be syn-
chronizedattherecever.

Fig. 3. Prechage-Type Phase€Comparator
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Fig. 5. PhaseComparatoBlock Diagram

3. CIRCUIT DESCRIPTIONS

Thedeslew systemin Fig. 1 consist®of aVCDL, DL, phase
comparatofPC),up/davn counter a countercontrol block
to interfacethe PCto the counteroutputdrivers,andre ec-

tion detectors.The up/davn counterandoutputdriversare
built usingstandardstaticCMOS techniques.The remain-
ing circuitswill bedescribedasfollows.

3.1. PhaseComparator

Many corventionalphasecomparatorarelimited by adead
zone,wherethe PC cannotdetermingherelatve phaseof
its inputs. To overcomethis, a prechage-typephasecom-
paratoris used[3, 4], asshavn in Fig. 3. If the X signal
leadsthe Y signal,thenthe outputwill below until Y rises.
Otherwise the outputwill remaincontinuouslyhigh. The
timing diagramof theseeventsareshovn in Fig. 4.
Sincethe structurein Fig. 3 canonly detectif X leads
Y, two of thesestructuresare usedto createthe complete
phasecomparatof3, 4], asshovn in Fig. 5. In thisway, the
relative phaseof theinputscanalwaysbedetermined.

3.2. Counter Control

The purposeof the countercontrol block is to allow the
PC to interfaceto the up/dovn counter The width of the
outputof the PC dependon the skew betweenthe PCin-
puts and becomesarbitrarily small as the inputs become
deslewed. The counterclock input, however, requiresa
minimum pulse width for properoperation. To ensurea
minimum pulsewidth for the counterinput the circuit in
Fig. 6 is used. A timing diagramof this circuit's outputis
shavn in Fig. 7. In this circuit, aninput pulseon the Sline



Fig. 7. CounterControl Circuitry
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Fig. 8. VCDL Architecturefor the ProposedDifferential
Deslew System

Fig. 9. RC DelayStage

of arbitrarily smallwidth triggersan outputpulseof width
equalto tgelay -

3.3. DelayLine

Fig. 8 shavsthestructureof thebinaryweightedvCDL [5].
The VCDL consistsof a numberof blocksin series,with
eachblock beingtunedto a binary weighteddelayasindi-
catedby themultipliers. Thenumberof blockscorresponds
to the numberof control bits of the VCDL. The maximum
delayblock is setby the numberof bits of the system,N,
andwill beequattoty, 2V *wherety, istheminimum
delayincremenif thedelayline. Themaximumdelaycor-
rectionthatcanbeachievedwill begivenby t, (2V -1).

TheVCDL in this proposakonsistof anumberof RC-
delay blocks in series. The schematicfor eachblock is
shawvn in Fig. 9 [3, 6]. This block is simply an inverter
followed by an adjustableload. If Vctrl is high, the gate
capacitancérom Mn2 is addedto the signalpath. If Vctrl
is low, the gateof Mn2 is isolatedfrom the restof the cir-
cuit. By placinga large numberof theseblocksin series,
thedelaythroughthe entirechaincanbe controlled.

For the eight-bit systemproposechere,the delayis ad-
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Fig. 10. Waveformsatthe Recever BeforeDeslewing

justablefrom 12.5psto 3.1875nsn incrementsof 12.5ps.
To accomplishthis, delayblocks correspondindo 12.5ps,
25ps,50ps,100ps,200ps A400ps 800ps.andl.6nsarebuilt.

Delaysgreaterthan 50psare createdby placinga number
of 50psblocksin series.Thistechniquehelpsminimizethe
effectsof broadshiftsin procesgparametersn therelative
magnitude®f the delayblocks. In addition,usinga larger
numberof stageswith eachhaving a smalldelayresultsin

smallerduty cycle variationsthanusinga fewer numberof

stagewith eachhaving alargedelay

To ensuremonotonicityof delaysthethreelowestorder
bits arecodedusinga thermometeencoding7]. In ather
mometerencoding eight 12.5psblocksare creatednstead
of the threeblocks correspondingo the lowestthreebits.
The appropriatedelaysfor the threebits arecreatedby us-
ing the appropriatenumberof 12.5psblocks. For example,
for adelayof 25ps,thelasttwo blocksareused.For adelay
of 75ps,the last6 blocksareused. Any particulardelayis
createdby taking the next smallerdelayandaddingan ad-
ditional 12.5psblock. Sinceconstructionof ary onedelay
requiresuseof the next smallerdelay the monotonicityof
delaysis ensured.

4. EXPERIMENT AL RESULTS

The systemhasbeenfabricatedn a TSMC 0.25 m, 1P5M
procesandtestedusinga 2.5V power supply For thetest,
a customPCB wasfabricatedwith traceshaving identical
physicaldimensionsbut adifferencen lengthof 2.1inches
for force adelayattherecever. In practice this delaydif-

ferencecan originate from processor load variationsbe-
tweenthe lines. Waveformsat both terminalsof the termi-

natingresistorareshavn before(Fig. 10) andafter(Fig. 11)

correction. As evidentin Fig. 10, the delay differencebe-
tweenthe tracescausesa mismatchin the terminatingre-

sistorandringing on bothlines. Deskewing eliminatesthis

ringing, resultingin amuchcleanersignalacrosghetermi-

natingresistor asshovn in Fig. 11. Thedifferentialsignals
beforeand after deslewing are shavn in Fig. 12, demon-
stratinga speedupf approximately200ps. A die photoof

the chip is shawvn in Fig. 13. The core circuitry occupies
588 m 235 m.
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5. CONCLUSION

In this paper a techniquefor deslewing differential PCB
traceshasbeenpresentedThis systemimplementsa DLL
usingaprechage-typephasealetectoandacountercontrolled
VCDL with a minimum resolutionof 12.5ps. The system
hasbeenveri ed throughmeasuremenin a 0.25 m pro-
cessandis foundto eliminateskaws of over 950 psbetween
traces.
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