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ABSTRACT

In this work, we presentthe analysisof a built-in self-test
(BIST) schemefor mixed-signalcircuits that is intendedto
provide on-chip stimulus generationand responseanalysis.
Basedon the sigma-deltanodulationprinciple, the proposed
schemecan producehigh-quality stimuli and obtainaccurate
measurementsvithout the needof preciseanalogcircuitry.
Numericalsimulationsare conductedo validateour ideaand
theresultsshaw thattheschemes apromisingBIST approach
for mixed-signakircuits.

|. INTRODUCTION

Testingof analogcircuitshasbeena costly procesdecause
of the limited accesgto the analogparts and expensve au-
tomatictestequipment{ATE) requiredto performfunctional
testing.Thesituationhasbecomenorsedueto thetrendof in-
tegratingvariousdigital andanalogcoresontoasinglesystem-
on-chip(SOC),in which testingthe analogpartsbecomeghe
bottleneckof productiontesting.

To resohe the problem,variousdesignfor testability (DfT)
andBIST approachefor mixedsignalsystemshave beenpro-
posed. They either increasethe controllability and observ-
ability of the circuit undertest (CUT) [1, 2] or provide the
capability of on-chip stimulus generationand signal analy-
sis [3, 4, 5, 6, 7, 8]. In [3], the authorspresenta BIST
schemefor a signal-to-noiseratio (SNR), gain tracking, and
frequengy responseestof a sigma-deltaanalog-to-digitaton-
verter(ADC); however, theon-chipdigital-to-analog-orverter
(DAC) for sine-wave generationandthedigital signalprocess-
ing unit ableto performthe desiredanalysisare not always
available. Implicit functionaltesting[4] usesthe randompat-
ternsfrom LFSR (usuallyappearsas part of the digital BIST
structure)as the test stimuli; however, the on-chip or exter-
nal DAC andADC areneededor D/A andA/D corversions.
The oscillationBIST scheman [5] corvertsthe circuit under
testto a circuit that oscillates.However, the BIST circuitry in
generalcannotbe sharedamongdifferentCUT’s. The sigma-
deltamodulatedoscillatorin [7] providesa digital solutionto
high quality on-chip sinusoidalstimuli. The main disadwan-
tageis the areaoverheadof the oscillator The on-chipsignal
measuremenapproachedn [6, 8] rely on accuratereference
voltagesand may suffer from processvariations. The pro-
posedBIST schemein this paperemploys the oversampling
YA modulationprinciple for bothstimulusgeneratiorandre-

sponseanalysis,and,aswill beclearlatter, canachieve high-
quality stimuli and measurementwithout stringenthardware
requirementTheobjective of this papelis to provide thetheo-
reticalanalysisfoundationof the BIST schemeandto validate
theideawith numericalsimulations.

For stimulusgenerationtherehave beensomeworks|[3, 7,
9, 1Q] that utilize the XA modulationtechnique.Among the
works, the ideaof periodicapplicationof softwae generated
singleor multi-bit XA modulateddigital bit streamg9, 10] to
a low-resolutionsingle or multi-bit DAC followed by a high-
toleranceanalodfilter is of particularinterest. The advantages
of thisapproachnclude:

e TherequiredBIST circuitry, i.e., the DAC andthefilter,
thatcorvertsthedigital bit streamgo analogsignalsdoes
not have to bevery accurateandcanusesimpleandrela-
tively high-toleranceanalogcomponents.

¢ Variousband-limitedanalogsignalscanbe generatedy
applyingdifferentdigital streamsandthuswithout hard-
waremodification.

To achieve higherstimulusquality, multi-bit digital streamsare
preferableo single-bitones(eachadditionalbit in the DAC in-
creasetheSNRby approximately6 dB); however, theneedor
measuringhetransferfunctionof the multi-bit DAC to ensure
the stimulusquality [11] makesit difficult for BIST applica-
tion. Our contribution in this work is to provide a calibration
methodthatutilizes on-chipresourceso measurehe transfer
function of the multi-bit DAC. With the transferfunction, the
software multi-bit XA encodercan compensatéor the DAC
imperfection,e.g.,the offsetvoltageerror, the differentialand
integral nonlinearity andgain error. The resultingdigital bit
streamsafter passinghe DAC andthe analodfilter, will pro-
ducehigh quality analogsignal. Thus,high quality teststimuli
canbegeneratedvithout stringentrequiremenbn the on-chip
DAC.

For on-chipresponsanalysis previousworksin [6, 8] rely
onaccuratenalogreferencevoltageswhichis eitherfrom ex-
ternalsourcesor on-chipcircuitry, to compareagainsthe sig-
nal to be analyzed. Although on-chip referencevoltagesare
preferredas a BIST solution, they are vulnerableto process
variation,andtheirinaccuraciebave directimpactonthemea-
suremenguality. We resole this problemby first corverting
theanalogsignalsinto one-bitdigital streamdy aone-bit> A
encoderandthenemploysdigital signalprocessingechniques
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Fig. 1. TheBIST architecture

to extractthedesirednformation. The mainadvantage®f this
approachinclude

e The proposedschemés moreimmunefrom analogim-
perfectionbecausehe oversamplingone-bit¥X A encoder
relaxestheneedfor preciseanalogeircuit by usingamuch
higher samplingfrequeng than the Nyquist frequeng,
and, in its simplestform, the encodercanbe constructed
with anintegratoranda comparatar

e Sophisticateddigital processingtechniquesif allowed,
canbeusedto furtherincreasehe measuremerguality.

For digital signal processingwe focus on (1) the measure-
mentof DC signalvalue,and(2) thediscrete~ouriertransform
for AC analysis(the outputsof the discreteFourier transform
allow oneto derive AC informationlike frequeng response,
SNR, gain, etc.) We usethe combfilter, whichis simpleand
widely employedin signalprocessingfor DC measurements,
and analyzethe requiredtestingtime to arrive at the desired
accurag. We alsoproposea DfT approachthat canfurther
reducethe testingtime. For AC measurementye investigate
thetradeoff amonghardware,testingtime, andmeasurement
errorsfor discreteFourier transform. A seriesof numerical
simulationis conductedto validate our idea—thefrequeny
spectrunof amulti-tonesignalis computedandtheamplitude
errorsrangefrom 0.02to 0.06dB.

This paperis organizedasfollows. We will first shav the
overall BIST architecturen Sectionll. Then,techniquesand
issuesof stimulusgenerationand responseanalysisare dis-
cussedn Sectionlll andlV, respectiely. Finally, we conclude
thework in SectionV.

Il. THE BIST ARCHITECTURE

Fig. 1 depictsthe propose®IST architecture Therequired
BIST circuitry includes stimulus generator(the left shaded
box), the BIST control logic, the signal processingunit (the
right shadedbox), and the analog switchessurroundingthe
CUT's.

digital bit streams The source that provides digital bit
streamdor stimulusgeneration(Sig) andresponsanal-
ysis (Ref). In practice,this canbeimplementedoy on-
chip storage digital signal processingunit, or is simply

the interfaceto external digital streamsources. sig_sel
selectsthe desiredbit streamsdependingon the applica-
tion andwill bediscussedatter.

DAC A low-resolutionDAC that corvertsdigital bit streams
to discrete,continuousanalogsignals. It canbe shared
with anon-chipDAC (usingonly a few of its outputlev-
els) or could be dedicatedBIST circuitry if no on-chip
DAC is available.

LPF An analoglow passfilter that removesthe modulation
noisein the DAC outputandthusrestoreshe teststim-
uli. Whentestingthe BIST structure pass may be setto
active to bypasghefilter.

1-bit XA encoder An A/D corverter that encodesits input
analogsignalinto a one-bitdigital bit stream. The en-
coder often usedin modernADC'’s, canbe from an on-
chip ADC or is implementedasdedicatedIST circuitry
if notavailable.

comb A digital comb filter that realizesthe integrate-and-
dumpfunction. When suppliedwith input sequence;
at samplingrate f,, the outputsequencey;, of the comb
filter occurringat fp = f5/D is definedby

Dk—1

>,

i=D(k—1)

(1)

where D is the decimationfactor of the comb filter.
Its control signals comb_ctrl include (1) the decima-

tion factor D, (2) comb_reset which initializes its in-
ternal storageelementsto zero, (3) comb_neg which,
when activated, invertsits input bit stream,and (4) the
comb_enable signal.

multiply & add Consistingof digital circuits thatrealizethe
multiply-and-addunctionfor discreteFouriertransform.
The dsp_ctrl control signal consistsof (1) dsp-reset
which resetsits internal storage,and (2) dsp_enable
which enableghe unit. The"multiply & add” block can
beimplementedn softwareusingon-chipprocessocore.

The necessanareaoverheadof the proposedschemeis the
BIST controllogic andthe analogswitchesthatselectthe cir-
cuit to be tested. Most of the otherBIST resourcesarecom-
monly foundin modernmixed-signaldesigns.



I1l. STIMULUS GENERATION AND TESTING THE BIST
STRUCTURE

A discussioron the generatiorof YA modulatedsingle or
multi-bit streamdor band-limitedsignalscanbefoundin [10].
The basicideais asfollows: First, the desiredanalogsignalis
appliedto asoftwareX. A encodeandaselectegortionof the
encoders outputis stored.Then,to restorethe original signal,
thestoredportionis appliedperiodicallyto a DAC followedby
a low-passfilter to remove the modulationnoise. Depending
ontheavailableon-chipDAC, the softwareencodemgenerates
either single or multi-bit digital streams. Although multi-bit
streamsarefavoredfor their higherin-bandSNR, thatthe en-
codershouldbe configuredto usethe DAC's real (insteadof
theideal) transferfunctionto ensurghequality of therestored
signalmalesit difficult for BIST applicationbecauséhe on-
chip response&nalyzercannotbe validatedwithout a reliable
signalsource!

Assumethatthe DAC cangeneratat leasttwo reliableout-
putlevels. Thecombinedorocedurdor measuringhetransfer
functionof thelow-resolutionDAC andtestingtheanalogparts
of the BIST structure(digital partscanbetestedwith standard
digital testingapproachesjonsistsof thefollowing steps:

Pre-processing The software encoderis configuredto use
only two outputlevels of the DAC andgenerateshe re-
quiredwaveformsfor testingthe on-chipone-bit¥ A en-
coder

Testing the 1-bit XA modulator First, pass andcut_sel are
setsuchthat the DAC outputis directedto the XA en-
coderwithout passing_PF andany CUT. Then,onecan
applythedesiredeststimuli to validatetheencoderNote
thatLPF canbeby-passedheredueto thelow-passature
of theencoder

Testing the LPF The digital bit streamsfor testingthe LPF
areselectedandbypasshe CUT’s. The outputsarethen
analyzedo validatethe LPF

Characterizing the DAC Eachtime, afixeddigital patternis
appliedto the DAC andthe correspondingutputlevel is
measured.

Stimulus generation Thetransferfunctionof theDACisthen
incorporatednto the softwareencodeto generatéhede-
siredmulti-bit XA encodedstreamdor testingtheCUT'’s.

IV. RESPONSE ANALYSIS

In this sectionwe will discusshow to usea first-orderone-
bit ¥A encoderto corvert analogsignalsinto digital single-
bit streamsandhow to extractfrom thesestreamssariousDC
and AC characteristicsHigher orderencodersn generalex-
hibit betterperformanceatthepriceof reducedlynamicrange.
Fig. 2(a)showvstheblock diagramof afirst-orderX A encodey
and Fig. 2(b) is its correspondingliscrete-timemodel. Our
analysisis basedon the discrete-timenodelwhich canbe de-
scribedby the differenceequations
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Fig. 2. Thesingle-loopXA encoder
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whereg; is the discretetime samﬂleof the encoderinput at
samplingrate f,, u; is the stateof the encodetandthe binary

guantizeris definedby
Qu;) = {

Note thatthe quantizeroutputs+b and—b correspondo the
encodemutputsl andO, respectiely.

To extract either DC or AC information of the original
signal, a digital comb (or integrate-and-dumpjilter is em-
ployedto attenuatehe modulationnoisein the single-bitdig-
ital streamfrom the encoder The combfilter is describecdby
Eq. 1 andis considerecherebecausef its simplicity (canbe
implementedwith an up/davn counterand a register) Note
that the decimationfactor D must satisfy the requirement
fo > fo (fp = fs/D andf, is the Nyquist frequeng of
theinputdata.)

+b,
—b,

u,'ZO
u; <0

A. DC measurements

Whentheencodetis suppliedwith ananalogDC signalv €
[—b, +b] andtheencodersinitial stateug liesin [v — b, v + b]
(theindex 0 corresponds$o whenthe combfilter is enabled,)
the DC valuedecodedy the combfilter is

1 D—-1
v = B ; Q (ul) )
andtheerroris boundedy ([12])
2b
0 —v| < = 2
-0l < @

Since f, = 0 for DC signal, thereis no upperlimit on D;
therefore,the desiredmeasuremenaccurag, representedby

themaximallyallowederrore, canbeachiezedby choosingD

suchthat
D > [2b/e] ©)

Note that Eq. 3 is valid whenbothv € [f—b, +b] anduy €
[v — b,v + b] aresatisfied. Although the former can always
be achieved by limiting the input range,onein generalhas
no control over the latter In the following, we shav how to
determinevhetherug € [v — b, v + b] is trueby observinghe
digital outputsequencef theencoder

Let's first summarizehe operationof the XA encodemwith
DC inputw:

|

u;_1 +v —b,
u;_1 +v+b,

u; 1 >0
ui_1 <0



error

Fig. 3. Numericalresultsfor DC measurements

Onceu liesin [v — b,v + b], all thesucceeding:;’swill lie in
[v — b,v + b],to0 ([12]). Furthermoreit canbe shavn that

Lemmal If @ (u;) and @ (u:4+1) havedifferent signs,then
uj €[v—bu+bVj>i+l.

proof: Whenu; < 0 andu;+; > 0, onehas
0<ujr1 =ui+(@w+b) <v+b
andwhenu; > 0 andu;+1 < 0, onehas
0>uipr =u;i+(v—>0)>v—>
In eithercasetheclaimis true.

Basedon Lemmal, the accurag shavn in Eg. 2 canbe
achieved if one enablesthe comb filter after a sign change
(from 1 to O or 0 to 1) of theencoderoutputis obsened. This
canbecontrolledby the BIST controllogic andcomb_ctrl sig-
nal (Fig. 1).

Theabore methodassumeso controlovertheinternalstate
of the 1-bit XA encoder In fact, a betterperformanceanbe
achievedif the encodethasthe DT featurethatallows oneto
setits stateto desiredvalues. A more detaileddescriptionof
themodulationerroris ([12])

. 2b
v-t=45 ((z+ Dp)y — 2)
wherez = (ug + b—v) /2b, 8 = (b + v)/2b, and(r) denotes
r mod1, thatis, thefractionalpartof ». By choosingug = v,
onehasz = 1/2 and

lv—3| <b/D (4)

which, comparedo Eg. 2, standsfor half the error, or equiv-
alently, half the testingtime for a givene. The block diagram

of the encoder(Fig. 2(a)) indicatesthat this is equivalentto
settingthe stateof the integratorto be the sameasthe input
value. Notethatin this case onedoesnot have to wait for the
encoders outputchangeo enablethe combfilter.

A.1 The DC measuremenirocedure

The procedurefor measuringa DC valuewv consistsof the
following steps:

1. ComputeD accordingto Eq. 2 or Eq. 4 dependingon if
onecancontrolthevalueof the encoders internalstate.

2. Setsig_sel to selectthe digital bit streamfor the desired
teststimulus.

3. Setcut_sel to selectthe CUT.

4. Resetthe combfilter’s storageto zero.

5. Enablethe combfilter uponthe detectionof thefirst sign
changeof theencodeioutputor afteronesetstheinternal
stateof theencodeto v.

6. Theestimatiorof v is atthe outputof the combfilter after
D cycles.

To measurehe differencebetweentwo DC values saywv; and
vg, Which is usually usedin statictestsfor DAC's, the above
procedureas executedwice. Notethat,in thesecondunwhen
vy is applied,we skip the fourth stepand setthe comb_neg
controlsignalto invertthefilter'sinputandthusobtainv; — v,
afteranotherD cycles.

A.2 Numericalsimulation

In Fig. 3, we shav the numericalresultsfor DC measure-
mentswith the settingsb = 1 ande = 0.001 for differentv’s
(Jv] < 1). Thehorizontalandverticalaxesrepresentheinput
valuev andthemeasuremergrrorv — v, respectiely, andthe
two horizontaldashedines correspondo +e. The solid line
correspond#o "wait” for thesignchangg.D = 2b/e = 2000),
andthe dottedline correspondso "preset”the stateof thein-
tegratorto v (D = b/e = 1000). In the"wait” experimentthe
encoders initial stateis a randomvariablebetween—2b and
+2b. It canbe seenthatboth methodsaccomplistthe desired
accurag; however, the "preset” techniquerequiresonly half
thetestingtime.

B. AC measurements

For AC signalmeasurementsye focuson the efficient im-
plementatiorof thediscreteFouriertransform.The frequeny
spectrumof the AC signal can be built with multiple runs of
discreteFouriertransform,andone canderive otherAC char
acteristicse.g.,gainand SNR, from the knowledgeof the fre-
gueng spectrum. In the following analysis,we assumethat
theprinciple of coherensampling[13] is followed.

Letwv;, ¢, 8; (¢ = 0,1,..., N — 1) bethesignalto beana-
lyzed,thereferencesineandcosinesignals(atfrequeng f and
unity amplitude),respectrely. (v;, ¢;, s; are sampledat the
samerate f;.) Thenthesignalamplitudeof v at f = k£, (de-
notedby v(f)), wheref, = fs/N andk =0,1,...,N/2—1,
canbeobtainedwith two runsof crosscorrelation:

2 N-1

Veos = = Vi€ (5)
N =0
9 N-1

Vsin = = V; S (6)
N i=0

followedby
’l)(f) = Ugos + “fm (7)

In our BIST scheme,w; correspondgo the output of the
combfilter, while ¢; ands; arestoredin “digital bit streams”.



TABLE |
FIND THE BEST DECIMATION FACTOR
f/fs 1 2 4 8 16 32 64
2=127[-0.0015[ -0.0052] -0.0010 -0.0002| -0.0001| -0.0001| -0.0005
2~11 | .0.0126| -0.0184| -0.0060| -0.0014| -0.0006| -0.0008| -0.0025
2—10 | 0.0053| -0.0247| -0.0003| -0.0029| -0.0016| -0.0030| -0.0093
279 | 0.0643-0.0032| -0.0066| -0.0011| -0.0036| -0.0096| -0.0360
2=8 | 0.0492| 0.0289| 0.0115| 0.0035| -0.0055| -0.0364| -0.1217
average 0.0266| 0.0161] 0.0051| 0.0018| 0.0023| 0.0100| 0.0340

When D is setto one,the combfilter is not functioning(or
bypassed.)Eq. 5-6 canbe realizedwith an adder(the output
bit streanof the X A modulatothasonly two levels.) However,
sincethe un-filteredbit streamstill carriesout-of-bandmodu-
lation noise theamplituderesolutionof ¢; ands; mustbehigh
enough.e.g.,12-bit or floating point precision,to ensurehigh
quality measuremer(shawn later)

When D is otherthan one, the combfilter will attenuate
theout-of-bandnodulatiomoiseandthusrelaxestheaccurag
requiremenbn ¢; ands;. However, caremustbe takenwhen
selectingD. Thespectraldensityof the modulationnoiseof a
YA encodemutputmaybe expressedy

N(f) = 2epmsV2rsin (nf7)

wheree2, . = b?/3 andr = 1/ f,. Thetransferfunctionof a
combfilter with decimationfactorD is

_ sinc(nfDT)

H(f) = sinc (wfT) (®)

Thus, the total noisepower at the outputof the combfilter is
then
fs/2 ) 4b2
| womrmra =55 ©
Eq. 9 statesthatthe noisepower decreasewith increasedD;
however, larger D alsoincreaseghe unwantedside effect of
attenuatinghein-bandsignal.

The bestdecimationfactor can be obtainedvia numerical
simulation:For example,let N = 4096, b = 1, andthe signal
bandbe from DC to f,/2" (r = 8 in this exampleand f; is
the samplingfrequeng.) We useEq. 57 to computethe am-
plitude error of sinusoidalsinewaveswith amplitude0.75 for
differentD’s (D = 1 correspond#o nofiltering atall) andthe
resultsare shovn in Tablel. Thefirst row is the decimation
factorupto 28 (largerD’swill attenuatehein-bandsignaltoo
muchto be acceptable.)The first column correspondso the
signal frequencies. Becausethe combfilter tendsto attenu-
atehigh-frequeng signalsmorethanlow-frequeny ones,the
lowestfrequeny we useis f;/2"~*. Thebottomrow is theav-
erageof the absoluteamplitudeerrorfor eachD, andwe find
thatin averageD = 8 is thebestchoice.

B.1 The AC measurementrocedure

The procedurefor applyingdiscreteFourier transformto a
sampledsequence; (i = 0,1,..., N — 1) to obtainits signal
amplitudeat f is:

1. Set D to one or usethe abore methodto find the best
choiceof D.

2. Setcut_sel to selectthe CUT.

. Set"sig_sel” suchthatSig is thedesireddigital bit stream
for theteststimulus,and Re f thedigital bit streamof the
referencecosinewave atfrequeng f.

. Resetthe contentsof "multiply & add”to zero.

. Enable’multiply & add”andexecuteEq.5.
Sameas3, exceptthat Ref is thereferencesinewave.
. Enable’multiply & add”andexecuteEq. 6.

. ExecuteEq.7.

w

o ~No oA

SinceN, thelengthof thesequencéo be analyzedjs known,
onecanreduceEq.5 and6 to sumof productwhich canbeper
formedby "multiply & add”(the2/N factorinsteadappearsn
theacceptableange.)Also, in mostapplicationsvheresignal
power is of interest,the squareroot operationin Eq. 7 is not
needed.

To computethe gainof the CUT, onerun of discreteFourier
transformat the signalfrequeng is sufiicient. For gaintrack-
ing, the signalpower within the signalbandof interestis com-
putedwith multiple runs of discreteFourier transform. For
SNR calculation,sumof the noisepower in the signalbandis
obtainedwith multiple runsof discreteFouriertransform(note
thatthe "multiply & add”is resetonly atthefirst run.)

B.2 Numericalsimulation

Using the samesetupas the previous example, we con-
duct the following simulationsto validatethe responseanal-
ysisschemeThetestsignalwe usecontainghreetones—5 f,,,
11f,, and13f,, wheref, = f,/4096.

In Fig. 4, we comparethe the spectracorrespondingo the
“original” signalandX> A modulatedsignal(denotedoy*limit”
becausehis is the bestone canobtain.) The horizontalaxis
is the frequeng normalizedby f,, andthe vertical axisis the
signal amplitudein dB. One can seethat after the signal is
modulatedby the XA modulator the noisefloor rises. The
noisefloor canbeloweredby increasinghe samplingrate f,.

In Fig. 5, the spectraobtainedusingdifferentcombinations
of D andc;, s; areshovn. Thesetup'limit” is thesameasthat
in Fig. 4), andis shovn herefor comparisorpurpose.For all
theotherconfigurationsthe setupis asfollows:

e Thesignalto beanalyzeds modulatedy theX> A modu-
latorinto 1-bit stream.

¢ In the “D=8" experiment,the sine and cosinereference
signalsare modulatedby the software XA modulator
Combfilters with decimationfactorD = 8 areemployed
to remove the out-of-bandmodulationnoisefor all three
modulatedsignals.

¢ Intheexperiments8-bit”, “12-bit”, “16-bit”, and“float”,
the combfilter is bypassedby settingD = 1), andthe
referencesignalsarestoredas8, 12, 16 bit integersor as
floating point numbers(without being modulatedby the
3 A modulator)



For all the configurationsthe amplitudeerrorsfor the three
signaltones(thethreespikesin the spectrumparesmallwith a
maximumof 0.062dB.However, the “D=8" configurationre-
sultsin the highestnoisefloor.

In termsof the requiredhardware, the configurations‘8-
bit"-"float” canberealizedwith anadderableto performthe
addition/subtractiorat the speedf,, and 2N samplesof the
referencesignalsarerequired ,which correspondso 16NV bits
for the “8-bit” configuration. On the other hand,the “D=8"
configurationneedsa 4-bit multiplier andanadderrunningat
alower speedf;s/8. 2N/D samplesof the referencesignals
mustbe stored which corresponds$o N/4 bits. The choiceof
configurationdepend®n the availablehardwareresourcethe
allowedareaoverheadandtherequiredtestaccurag.
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Fig. 4. Frequeng spectraof theoriginalandmodulatedsignals.

10
fifp

Fig. 5. Numericalresultsfor AC measurements

V. CONCLUSION

We proposea YA modulation basedBIST schemefor
mixed-signalSOCSs. For stimulusgenerationanon-chipself-
calibrationmethodis presentedFor DC valuemeasurement,
we provide methodsto achieve any desiredievel of measure-
mentaccuray, andfor AC analysis,we analyzethe accurag
correspondindo differentfrequenciesanddecimationratios.
The resultsare validatedby numericalsimulation. We will
furtherinvestigateon improving the performanceof our tech-
nigues,andvalidateourideaswith hardwareimplementation.
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