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ABSTRACT

At TexasInstrumentsjntegratedcircuitsin productionare
continuallybecomingmore power efficient andfaster The
time associatedvith testingthesedesigns saywith a with
Taradynetestplatform, represents large costof the over
all price of theseintegratedcircuits. This paperdiscusses
thedesignandlayoutof acompacimixedsignalprintedcir-
cuit boardusingadigital signalprocesso(DSP)thatcanbe
usedin thetestervironment.In generalwe live in anana-
log world, but the processingndtransferof informationis
typically digital. Mix edsignaldesignoffer thebestof both
worlds sincethesedesignscan take advantageof the pro-
cessingpower of a DSR while operatingin closeproximity
to the analogsignals. The paperpresentsa discussionof
our designalongwith a picture of our mixed signalboard,
moredetaileddiscussionsgndpicturesmay be viewed at
http://ee.tamu.eduw/mbyeary/nixedsignd.html

1. INTRODUCTION

DSPsystemsaregainingmoreprominencedo solve a wide
rangeof engineeringproblemsas their processingoower
andfunctionality continueto increase As it turnsout, inte-
gratedcircuitsin productionat TexasInstrumentsare con-
tinually exceedingthe 1GHz clock rate. Thesehigh speed
ICs producemajorproblemsfor thetestengineeresponsi-
ble for characterizinghis product. The solution hastypi-
cally beena tradeoff of bit resolutionfor speed.To solve
this problemof bit resolutionfor speed,undersamplings
typically employed. This particulardesignemploys a swept
delaygeneratothatwill sampleaperiodicwaveformasde-
pictedin Figurel. The problemwith this designis thatthe
delaytime, A, doesnotalwaysfactorevenlyinto the period,
T, of thesamplingwaveform,i.e. T' # mA, givenm anin-
teger. This discontinuityintroducesnon-coherencanto the
sampledwaveform. In otherwords, the sweptdelay gen-
eratordoesnot have the ability to accuratelymodulateA,
which is neededo provide coherentsampling. Moreover,
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Fig. 1. SweptDelay Undersampling

A, is notalwaysconstansincethe device thatproduceghe
delayis an analogdevice. Coherencds of prime impor-
tance asreportedn thecurrentliturature[1][2]. Coherence
implies that the testwaveform is sampledover an integer
numberof cycles[3].

Coherencén a sampledvaveformis preferredin order
to usethe DiscreteFast Fourier Transform(DFFT) which
is commonlyusedto take measurementsf gain, distortion,
andsignalto noiseratio. Onetechniqueto remedythe co-
herenceproblemis to window the dataprior to processing
[4]; however, windowing will causealossin theresolution
[5]. Windowing alsorequiresextra processindgime, which
is critical [3]. Other researcherdiave worked to sample
over aninteger numberof cycles[3]. While this technique
hasproveneffective, it assumeshatthe signalundertestis
slow enoughfor the A/D corversionstrateyy to provide an
n—bit word at every samplepoint. As describecbelow, we
have employedamodifiedSAR techniqud6] to digitize ex-
tremelyhigh speedsignalsby assuminghatit successiely
modifiesonly one bit of the n—bit word at every sample
pointover severalcycles.

This paperprovides a discussionof our mixed-signal
DSP system,in the context of providing a solutionto the
coherencegroblemin high speedundersamplingd/D con-
version.Ourdevice,theCoherentUndersamplindigitizer,
is aDSPbasectircuitemplgysanew techniqug6] thatpro-
videsa methodof maintainingclock speedandbit resolu-
tion without discontinuitiesn the output.



This paperis organizedasfollows. Section2 provides
thetheoreticaformulationof the samplingtechniquewhile
Section3 discussedts implementation.Finally, Section4
present®neexampleof our laboratorymeasurements.

2. THEORY OF OPERATION

TheCoherentUndersamplindigitizer overcomesheprob-

lem of non-coherencdy replacingthe sweptdelay gen-
eratorwith a precisefrequeng ratio that generategvenly

spacedsamplingtimes. In this manneythe sampledwave-

formsareguaranteetb wraparoundsmoothlyfrom thelast

sampleto the first enablingthe use of DFFTs for testing
and calculations. The precisefrequeng ratio is achieved

throughthe useof two clock generatorsvith one setat a

slightly lower frequeng thenthe second. The comparator
strobeis generatedt a particularfrequeng, Fi,,-, whichis

slightly lessthatthe frequengy of thetestsignal, F,¢,.

Referringbackto Figure 1, it is possibleto createthe
sameundersampledetof sampleswithout the useof the
sweptdelaygeneratarThedifferencebeing,weuseaclock-
ing signal which is running at a lower frequeng that the
signalundertest,andit is notsynchronizedo it.

It isimpossibleto holdthedelaytime ata constanpoint
for all samplego be taken for that point. For this reason,
all the MSB comparisonsnustbe performedfirst, thenall
the next lowest bits, andfinally all the LSB comparisons
areperformed. The final digitized waveform mustthenbe
outputby unshufling thesebits andsendinghemoutin the
properorder The block diagramin Figure 2 depictsthe
arrangemenbf the hardware, asit resideson the printed
circuit board.

As seenin Figure 2, the CoherentUndersamplinddig-
itizer is a five chip solution. Only the comparator DSR
andthe DAC arethe vital componentof the design. The
two translatordECL-TTL andTTL-ECL) areincorporated
into the designfor voltagetranslatioronly. Thelogic levels
betweenthe comparatoand DSP are unlike andtherefore
translatiorbetweerthe signalsof eachmusttake place.

As depictedin Figure 2, two frequenciesare of prime
importance.Fy,, istherateatwhichthecomparatostrobes,
and F,;, is thefrequeng of the signalto be sampled.The
theorybehindthe CoherentUndersamplindigitizer is that
thefrequeng sourcecontrolsthesetwo frequenciesnustbe
setusinga preciseratio to producea linear controlledslip
in comparatostrobetimes. Thisratiois
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The frequeng sourcethatgovernsFy,,. is preciselysetat
a lower frequeng thanthe frequeng sourcethat governs
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Fig. 2. Block diagramdepictingcomponentandfunctions
onthemulti-layerprintedcircuit board. The DSPis usedto

storethedigitized sampleof the Device UnderTest(DUT)

andto controlthe DAC andcomparatar

betakenin oneperiodthesignalto besampled.To facilitate
subsequenDFFT analysis,S shouldbe a power of 2, i.e,
S = 2™, givenm is aninteger.

3. IMPLEMENTATION DETAILS

Using a digital signal processo(DSP) proved to be ideal
sincea bankof waveform capturerandomaccessnemory
(RAM) is necessaryo temporarilystorethe resultingdig-
itized samples.The TexasInstrumentsTMS320F206DSP
waschosen.The'F206 is a 16-bit fixed point DSPcapable
of operatingat speedsup to 20 million instructionspersec-
ond. TheDSP5 softwarewaswritten with CodeComposer
adevelopmentsystemby Go DSP As it turnsout, muchof
thefunctionality costcanbe embeddednto the software of
aDSR asopposedo extra hardware[7].

As depictedin Figure2, the analogoutputof the DAC
is thesignalcomparedo theinput signalsof the DUT. This
comparisorallows the SAR algorithm a basisto malke its
bit decision.Theselectionof the DAC wasbasednits res-
olution and settlingtime. With 12-bits parallelinput, the
TLV5619 provided enoughresolutionfor the signalsbeing
digitized. Sincethe algorithmis basedon a precisefre-
queng ratio, the ideal caseis to have the entire algorithm
andDAC outputavailableinstantaneoushSincethis is un-
realistic,the lower the settlingtime of the DAC the better
Theexecutionspeedf the’F206 DSPis notanissue.With
a nominal 1ms (3ms, worst case)settling time the DSP



codemustprovide adelaybetweenwritesto the DAC.

As part of the SAR, an MC10E1651comparatorwas
used.Theselectiorof this chipwasbasednits high speed.
Thecomparatorecevesaninput signalfrom the DUT (de-
vice undertest). This voltageis comparedo the outputsig-
nal of the DAC, which initially is setto mid scalein ref-
erenceto the referencenput of the DAC. This comparison
outputis sentthroughthe MECL/TTL translatoito the DSP
aspartof the SARroutine. Thelatchsignalis recevvedfrom
the DSR throughthe TTL/MECL translatorto the com-
parator Whenthe latch enableis at a logic level high the
MC10E1651actsasa comparatorand whenthe latch en-
ableinput goesto alow logic level, the outputsarelatched.
The comparatois ECL logic andthereforethe outputswill
be puredifferentialECL levels.

Thecomparatostroberatewasveryimportant,soit was
examinedduring the first partof the design.While digitiz-
ing a signal,the DSPis runninga looping program.In this
loop thereare 4 differentpathsthat canbe taken, depend-
ing on the SAR routine. No matterwhich route wastaken
the sameamountof time neededto have passedbetween
comparatosstrobesptherwiseF,,- would not be constant.
Thenumberof clock cyclesthathave passedletermineshe
time betweencomparatorstrobes. Eachinstructionof the
DSPassemblycodehasaslightly differenthnumberof clock
cycles. The numberof clock cycleswasdeterminedy al-
lowing the comparatorto properly settle betweenstrobes.
Thereforeequation(1) wasmodifiedto become

S-N
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Theinteger N denotegshenumberof clock cyclesthatmust
passbetweeneachcomparestrobe. Sincewe ran our DSP
atapproximately20 MHz, selectingV = 167 provedto be
sufficientwhile takinglaboratorymeasurements.

Figure 3 depictsa picture of our new device. The Co-
herentUndersamplingDigitizer boardwas designedo be
compactin size, aboutthe size of a businesscard. Its fi-
nal dimensionsvere 2700 mils x 2200mils (68.58mmx
55.88mm).Thethicknessof this four layerboardwas62.5
mils (1.59mm). The boardwas designedusing four lay-
ers. The primary reasonfor this wasto isolatethe ground
andpower from the sensitve signalsof the CUD. Thelay-
erswere establishedasfollows. Layer 1: signal, layer 2:
groundplane layer3: split power plane layer4: signal. To
reducetheeffectof noiseonthesignals,decouplingcapaci-
torswereusedon all power pins. Sincethe comparatoand
thetranslatorgequireboth+5 V, the boardincludeda split
power plane. By careful placementof all of the devices,
the split planesatisfiedtheir voltagerequirementsyithout
introducingthe extra costof anadditionalplane.

Sincethe digitized outputof the DAC hasthe possibil-
ity of exceedingl GHz, shieldingthe signalfrom noisewas
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Fig. 3. Top Layer of the Multi-Layer Mixed-Signal
EmbeddedSPSystem

extremelyimportant.On the boardlayout, this wasaccom-
plished by providing a guardtrace[8] aroundthe analog
output at all connections. This tracewas then connected
to groundthrougha via. By shieldingthe signal with a

groundedtrace, the analogoutput becomedess suscepti-
ble to noiseinterferencdrom othersignals.In generalthe

frequeng contentof eachsignalwasexamined.High speed
lineswerelaid outon 45° anglesto preventreflectionq9].

4. LABORATORY MEASUREMENTS

As arepresentatie exampleof our laboratoryexperiments,
we examinedthe rise time of a periodic squarewave, as
depictedin Figure 4. The signal was quantizedwith 12
bits of resolution. The numberof sampleswas assigned
to be S = 128 andthe following settingswere made:
Futp = 20,000,235 Hz, Fyqr = 19,999,299 Hz. It took 5
digital sampledo spanl0 - 90%full scalewhichrelatesto
a1.9531ns risetime. While this degreeof resolutionmay
seemvery high, it is on a parwith the high ratesachiered
with beatfrequeng testing[10]. Thedifferencehowever, is
thatour samplesetis coherent.

We wouldlik e to mentionthatcoherensamplingof sig-
nalsis not new. To point out a philosophicaldifference,
Tangeldef11] discussesoherensamplingbutheassumed
thatthesignalundertestis slow enoughfor the A/D corver-
sion strateyy to work at every samplepoint. In our paper
we developeda modified SAR techniqueto digitize higher
speedsignals. The basicprinciple is that it successiely
modifiesonly one bit of the n—bit word at every sample
point over several cycles and holds the bits of all of the
samplesn the memoryof a DSP chip, without the use of
a sweptdelay generatar It shouldalso be mentionedthat
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Fig. 4. LaboratoryDataDepictinga CoherentlyDigitized
Squarevave

a 20 MHz signal can easily be digitized using traditional
corverters. By incorporatinga fastercomparatorsay one
ratedat LGHz,we expectto digitize muchhigherfrequeng
signals. The examplesdo not pushour digitizer into the
frequeng rangewhereits advantagds eminent.

5. SUMMARY

Figure5 depictsour DSPsystem.By applyinganalogand
digital designtechniqueswe have beenableto take advan-
tageof a DSP’s processingpower andinternalmemoryto
digitize high speedsignalsandproducecoherensequences
of samplewith relatively high resolutionwithoutthetradi-
tional employmentof a sweptdelaygeneratar The desire
for a coherendigitized outputcomesfrom the needof test
algorithmssuchas DFFTs. Thesealgorithmsrequire co-
hereng in thesignalin orderto work. Lateradditionsto this
projectwill involve writing codeon a Teradynewhich will
automaticallyprogramthe 'F206. This is possiblethrough
theon-chipsynchronouserialport of the 'F206.
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