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Abstract

ReducingtheareaoverheadrequiredbyBISTstructures
canbeachievedby reconfiguringexistinghardware to per-
form test related control and processingfunctions. This
work showshow the resources required for theseopera-
tions can be implementedin-circuit, taking advantageof
programmablelogic availablein thesystem.Structural and
functional testsare performedusingcorrelation to obtain� ���

and � ���	� cross-correlation signatures, and to mea-
sure gain,phase,andtotal harmonicdistortion.

1. Discussion

In today’s complex circuit assemblies(boards,MCMs,
SOCs)different test methodsare required to accommo-
datespecialneedsof different functionalblocks. Provid-
ing BIST supportwith low areaoverhead,over the entire
productlife-cycle, is of increasingimportance.This is par-
ticularly true for mixed-signalcircuits where both func-
tional andstructuraltestsmay have to be combinedto get
aproperbalancebetweentesttime, fault coverage,andper-
formancecharacterization.This work addressestheseis-
suestakingadvantageof theincreasinglycommonsituation
whereblocksof reconfigurablelogic (FPGA)areavailable
to implementsystemlogic.

Thecircuit undertest(CUT) consistsof a dataacquisi-
tion boardcontaininga digital coreandA/D andD/A in-
terfacestogetherwith the respective filters, which usesre-
configurablehardwareto achieve a wide applicationrange.
Structuraltestof theanaloguesectionsrelieson evaluating
the signaturesobtainedby cross-correlatingpower supply
(
� ���

) andoutputvoltage( � ���	� ) dynamicresponses[1].
Thesecorrelationsareperformedin theFPGAusingonebit
quantisationof the signals— the so calledpolarity corre-
lation. Functionaltestingis basedon measuringtheCUT’s
transferfunctiongainandphaseusingthecorrelationtech-
niquedescribedin [2], thatallows alsototal harmonicdis-
tortion (THD) measurements.

Figure1 shows golden(dottedline) andfaulty correla-
tion signaturesobtainedfor the DAC — the faults are f3
a glitch in � ���	� , f4 a 10% gain reduction,and f7 a 50%
degradationof the � ���	� signalto noiseplus distortionra-
tio. Figure2 shows golden(dottedline) andfaulty correla-
tion signaturesobatainedfor aSCfilter — thefaultsaref5 a
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Figure 1. DAC
� ���

- � ���	� correlation signatures.
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Figure 2. Filter
� ���

- � ���	� correlation signatures.

drift of 
 from 8 to 5.6,andf8 ahalvingof � � anddoubling
of 
 . Correlationperformsalsoa compressionof

� ���
and

� ���	� signatures— asinglesignatureof � ���� � bit values
is observed,insteadof two responsescomprising� � � ���� �
bit valueseach.Faultsaffecting

� ���
arealsodetected.The

gainandphaseof the filter could be measuredwith an er-
ror of, respectively, � �  � and � � � � . Phasewasmeasured
with an error ��� � whenperformingpolarity correlation.
A THD of ��� � � � (4 harmonics)wasobtainedfor theDAC
outputvoltage.

Theresultspresentedhereinsuggesttheeffectivenessof
testingby cross-correlating

� ���
and � ���	� , evenif low res-

olutionobservationis used.It is shown how reconfigurable
systemlogic canbeusedto performdifferentstructuraland
functionaltestoperationsandto provide in-circuit testabil-
ity over thecircuit’s lyfe-cycle. Theseschemescanbeused
to test different functionalcores,allowing thus for taking
maximumadvantageof existing resources.
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