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Thispaperdescribeshigh-speedprintedcircuitboard(PCB）inSpectionbasedoneddy‐ 
cunenttesting(ECT)technique・ThepmposedECTprobeconsistsonlyofmeanderexcitercoil
andmultispm-valvegiantma印etoresistance（SV-GMR）sensormatitwasdesignedfbr
detectionofmicrocrackonPCBsurface・Toconducthigh-speedscanning,harmonicanalysis
basedonFourieranalysisisappliedtoacquireECTsignalatfhndamentalfiPequency・Signal
variationatdefbctpointisenhancedbyappliedaveragingofmultisignalobtamedftomthemulti 
SV-GMRsenSor． 

ＫＥ〕，リワblz2F：Eddy-culTenLSpm-valvegiantmagnetoresistance（SV-GMR)，Multisensor，
HaImonicanalysis,Printedcircuitboard(PCB),Siglalavela典９

１.IntroqUuucti⑪m 

Eddy-cmrenttesting（ECT）techniqucis 
successfUllyappliedmdetectingmicrodefbcton 
miclDconductorofprintedcircuitboard(PCB)［1],． 
[2]・TheproposedtechniqueisabletomSpectnot
onlyconductordisconnectionsandshortcircujtsbut 
alsopartialdefbctsonPCBconductortrackwidth 

andthiclmess，Moreover，theprobe，consistingof 
meandercoU（excitingcoil）andspin-valvegiant 
mag1etorCsistance（SV-GMR）sensor，hasvely 
simplesmlctureThercfbrcthefnbricatedcostis 

inexpensive・Becauseoflow-levelECTsig1al
obtainedmmSV-GMRsensor，high-perfbnnance 
measurementtechniqueisreqUiredLock戸in
amplifierisusuallyusedtomeasuretheECTsignal 
fiPomSV-GMRsensor;however,scannmgspeedis 
restrictedbecauseoflow-passfilter・

InthispaperbFourieranalysisisappliedto 
calcuIatetheamplitudeｏｆＥＣＴｓｉ印altodecreasmg
ofmeasuringtime，thus，scannmgspeedcanbe 
mclBasedMultiSV-GMRsensorisappliedto 
improvethesiglaltonoiseratio（SNR)basedon 
multisignalaveragmgtechnique． 

ＡｓｓｈｏｗｎｉｎＦｉｇｌ,theproposedhigh-錘qUency
ECTprobe,whichconsistedofalongmeandercoｎ 
ａｎｄＳＶ－ＧＭＲｓｅｒｖｍｇａｓａｎｅｘｃｉｔｉｎｇｃｏｉｌａｎｄａ 
ｍａ印eticsensorrespectively,wasfilbricatedfbrthe
high-speedPCBinspectionsystem,ＳＶ－ＧＭＲｓｅｎｓｏｒ 
ｗａｓｍｏｕｎｔｅｄｏｎｌｈｅｌｏｎgmeandercoilandits 

sensmgaxlswassettodetectthema印eticfIeldBz，
onlymscanningdiIcctionthatusuallyoccursatthe 
defbctpointoratPCBconductorboundary・Theuse
ofthelongmeandercoUprovidestheadvantagcsof 
easilydevelopingofthemultisensortodecreasethe 
scanningtimeandofprovidingshortdistance 
betweensensorandteｓｔｅｄＰＣＢ 

ＴｍｅＳＶ－ＧＭＲｓｅｎｓｏｒｈａｄｔｈｅstmcture,ａｓｓｈｏｗｎ 

ｉｎＦｉｇ２，ｗｉｔｈａｓｅｎｓｍｇａｒｅａｏｆ９３/Ｊｍｘ１００/、、
ＮｏｒｍａｌｒｅｓｉｓｔａｎｃｅｏｆＵｌｅＳＶ－ＧＭＲｓｅｎsorwas 

approximately400Q，whileitssensitivitywas 
approximatelyl50ﾉｨＷ’ｍＴｈｅｕｓｅｏｆｍｕｌｔｉＳＶ‐ 

GMRsensorfimherprovidedthepossibilityof 
decreasmgtheinspectio､time[3]． 

2.ProposedECTSystemStructure 

2・JECTp”ｂｅｗｊｚｌｉｍⅢｌ〃ＳⅨＧＭＲＳｂＰＴｓｏ７
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Fig.１.ＰｍｐｏｓｅｄＥＣｒｐｍｂｅｍｏｄｅｌ 
ｗｉｆｈｍｕｍｔｉＳV-GMRsensor 
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Fig.3.Signaltonoiseratior巳jectionperfblmance
byappliedFouriertmnsfbrm 

obtainedasfbUows： 

Ｌ＝化/2)sin(α-0,)+Ob/2)sin(Zの,+0,＋0,）
の

＋Ｚ(Ph“@通/2)sin((の…－の)`+0…-0,）（２）
児蛍四｢■ｌ

￣ 

＋Ｚに…/2)sin((`i'…＋の)`+o…＋0,）
“心U■１

Fig.２.PrOposedsystemconfigumtion 

2.2珈temcom/１９"mHio〃

Theproposedsystems位uctureconsistedof4
partsasshown、Ｆｉｇ．２．ＴｈｅｆｉｒｓｔｗａｓｔｈｅＰＣＢ
ｐｏｓｉｔｉｏｎｃｏｎｍｌsystemfbrmovingthetestedPCB 
in2dimensionsThesecondwastheafb塵mentioned

high-fi己quencyECTprobe、Thethhdwasthe
excitingsystemgenemtedbyfbedinghigh-fiequency 
excitingcuITenttoUlelongmeandercoU・Inthis
resea【℃h，sinusoidalcunPentof200mAata

ftequencyof51VnlzjwasfbdtothemeandercoiL 
Finally，thefbrUlwaslhedataacquisitionsystem 
that，nomlally，usedtheLock-mamplifierfbr 
measuringtheECTsignalfiｏｍｔｈｅＳＶ－Ｇｈ征Rsensor、
Fordecl己asmginspcctiontime,ahigh-speedanalog-
to-digitalconverter(１２bitsatlOOMS/s)wasused 
tocaptuI巳theECTsignalftomeachSV-GIvnR
sensorandnansfbrittomecomputerfbrapplying 

FouriermnsfblmtothecaptulcdsignaLmhen,the 
PCBinspectionwithhigh-speedｓcannlngproduced 
theinspectionresultinginlessdistortion． 

ｌ'〕,＝(Ｉ'b/2)COS(ａ-0,)-Ｗ2)c･s(2の,+,,＋β『）
口

＋Ｚ(P'h・"/2)COS《の…＿｡),+β…＿,『）（３）
ｍｂｇ■Ｉ 

⑪ 

＋Ｚ(P'h･幽迩/2)･Cs《の…＋の泥0…＋0,)・
屍､血ｃ■I

whe爬6Msphaseshiftofthemultiplyingfimction、

Integrationwithinintervaltimewasappliedtothe 
Eqs.(2)and(3).Thegain(２permtervaltime)was 
multipliedtothemtegrationresultstoobtamロノａｎｄ
６ｊ，定spectively､SiEmalamplitudewasachievedby

appliedQ，ａｎｄ６，tocquation,Ji;7丁５７．This
techniqueiswellknownmthenaｍｅｏｆ``Hannonlc 
analysisbaseonFomier位ansfbrm，，､Becauseofthc
noisysignal，ｔｈｅsuitablenumbersofcapturmg 
signa１，，，（munitofcycles）wasrcqUircdfbr 
obtainingtheｌｅｓｓnoisesignalafterapplyingthe 
Fouriertmnsfbnn・Fig.３showscalculationouqput
obt2inedfiomthesimulationandtestrcsultｓＷｈｅｎ 

ｔｈｅｎｏｉｓｅｉｎｄＢｐｅｒｏｎｅｕｎｉｔｏｆｆimdamental 

amplitudewasaddedtothefimdamentalsi厚laLThe
testlesultsalsoagr巳ewiththesimulationresults・To
obtainlessnoise,1aｪgenumbersofcapturingsiglal， 
、,wasreqUiredfbrthecalculation
Theuseofharmomcanalysisincreasedthedata 

acquisitionfbraspeeduptｏｌＯｋＳ/sdependingon 

thenumberofcaptmingsiEmaLm・Theprobewas
abletoscanwhUethesiglalwasacquiredAsa 

result,thescannmgspeedcanbemcreasedwithless 

distortionandwithhigherscannmglcsolution． 

3.MeasurementTechmque 

3JECTsig7m！αcv"is滅O"maAod

ThenoisyinputsignalmeasｕｒｅｄｆｔｏｍｔｈｅＳＶ‐ 
GMRsensorcanbewrittenwiththesi印alandnoise
telmsasfbUows： 

の

v"(`)=P'bsin(の`+ｑ)＋ＺＰ'h…sin(の…'+＆…)，
、⑭r■】

(1) 

whercPG，⑪andQareamplitude，fimdamental 
ftequency,andphaseshiftofthesignal,respectively， 
and聡峰,cDh.",andａ,…areamplitude,ficquency，
andphaseshjftofthenoise,respectively， 
Ｔｏｍeasmethesignalatfhndamentalfi巴qUency

byappUedHarmomcanalysisbasedonFourier 
transfbrm,thesignalVW)ｍＥｑ.（１）ismultiplied 
bycosmeandsmefimctionatthefimdamental 

fi己quency・Therefbre，Ｕｌｅｎｏｉｓｙｓｉｇ１ａｌｃａｎｂｅ
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Multisignalaveragingteclmiqueisappliedto 
leducenoisecontaini､gmthecalculatedsignaL 
Becausedefbctsiglalcontainsmallcalculated 
signaIalthoughithaslow-1evelwhereasnoiseisnot 

sametoeachothersi郡aLThercfbre，takingan
averageofthesigla1s，measuredftommultiSV-
GMRsensor，canreducenoisecontainmgmthe 
signaLItmeansthatSNRcanbeimproved・

Simulationr己ｓｕｌｔｓａＩｃｓｈｏｗｎｉｎＦｉｇ４、Defbct
pointsignalwimamplitudeof-20dBisaddedtothe 
measuredsigm1.RandomnoiseoflOdBismcluded 

inthemeasuredsignaLTWoaveragevalues,sａｎｄg 
signals，aIesimulated、Theresultsshowthatthe

proposedtechniquecanⅢnprovetheSNRatdefbct 
pointwhercasscalmingspeedishigh、ＳＮＲ，fbr
largerthanlOOcyclescapturinｇｓｉ印aLishigdler
thanthesignalwithoutappliedaveragingtechnique 
approximately6dBand8dBfbraveragingｏｆ５ａｎｄ 
９signals,respectively． 
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４.ExperimentalReSults 

４１j)Lspec"｡"peRﾌﾟ６ｍｍ"ce 

TheperfblmancesofPCBmspectionsystem 
basedonECTtechniqueweretested・ＳｉｍｐｌｅＰＣＢ
ｍｏｄｅｌｍａｄｅｈｏｍＣｕｗｉｔｈathicknessof9“ｎ 
ｃｏａｔｅｄｂｙＯＯ５ノmlAuwasusedintheexperiment、
Conductordisconnectionsrangingｆｉｏｍ５０ｔｏ 
５００/nnwercaUocatedonthePCBconductor， 

Fig.５showsSNRversusconductordisconnection 

whenLock-mamplifierwasusedtoacqUirethe 
si餌alhomtheSV-GMRsensor・ByusmgLock-m
amplifier,theproposedECTprobewascapableof 
mspectionthePCBconductordisconnectiononlhe 

70-“nPCBconductorwidULSNRdependsonPCB 
conductorwidmanddisconnectionIength、ＳＮＲ
ｍｃｒＢａｓｅｄ印aduaUyasalogaIithmfimctionwhenthe
PCBconductorwidthwaswider・Incontrast，

scanningspeedwaslcstrictedataround0.001ｍ/s・

ForappliedharmonicanalysisasshｏｗｎｍＦｉｇｓ､６ 

and７，highnoisescontammthecalculateｄｓignal 
dependingonthescannmgspeedandthenumberof 

capturingsi印a１，碗，asaresult，ＳＮＲｗａｓｄｒｏｐ・
However，appliedmultisignalaveragingteclmique， 
acquiredfiPommultiSV-GIVnRsenor,couldimprove 
SNR・IninspectionoflagerPCB,Fig.６，high-speed
scannlngcouldbedoneandIargenumberof 

capturingsignal，碗，ｗａｓｎｏｔｌ己quir己dTherefbre，
high-scannlngspeedandhigh-spatialresolution 
scanninguptolOOS/mmcouldbeachievedWhile 

mspectionaccuracywasstiUhigh、ＦｏｒｓｍａＵＰＣＢ

0100ZOO３００４００５００ 

DisconnectionlengthOm） 

Fig.５.Signaltonoisemtiovs・conductordisconnection

lengthacqUir己ｄｂｙＬｏｃＵ⑥inamplifier．

mspection，Ｆｉｇ．７，scannmgspeedhadtodecrease 
andlargenumberofcapturingsignal，腕，was
reqUiredtokeephighaccumcyofhlspection・Thisis
becausethesignalvariationwaslowandtheanalog-
to-digitalconvertercouldnotacqlmEthｅＥＣＴｓｉ餌al
atafeqUencyof5MHzwithoutlOSS，althougha 
highspeedanalog-to-digitalconverterwasused 
Theprobecouldmspecttheconductor 

disconnectiononthelOOWmPCBconductor， 

althoughthedisconnectionlengthwasabout50/mL 
Inaddition,thescanningspeedwasfilsterthanthat 

ofusmgtheLock-marnplifierandspatialsampling 
fteqUencywashigherthanlOkS/sdependingonthe 
selectednumberofcapturingsigna１，ｍ、A1thougd1

multisignalaveraglngprovidedagoodsignal 
enhancementperfbrmance，simplcnoisereduction 

method,fbrexampleFIRfilter,shouldbeappliedto 
thecalculatedsignalfbrimprovementofinspection 
accuracy． 
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[￣＝｡頸、幻ｍｇｍｏＳｍ中IＣ Fig.８．Two-dimensiongradientimageobtained丘om
scanninglhePCBmodelinFi9.6(a)wilhscanningspeed 

ofO,05ｍ/Sand200-cyclecaptmingsig1al,碗.(a)the
resultwimoutappliedavemeingtechnique，（b）５‐ 
averaEdngsignalrcsulLand(c)g-averagmgsignalresults 

5･ConClmSidDn 

TheECTpmbewithmultiSV-GMRsensoris 
successfiUlyappliedtoinspectahigh-densitybare 
ＰＣＢ、Appliedhammonicana1ysisbasedo、Fourier
t1msfbrmwasabletoincreaselhescannmgspeed 
andspatialsamplefieqUencMbutthemspection 

perfbrmancewasdecreased，However，theuseof 
multisi副alaveragingtechmquebasedonmultｉ
ＳＶ－ＧＭＲｓｅｎｓｏｒｃｏｕｌｄｉｍｐｒｏｖｅｔｈｅｍｓpection 
perfbrmanceandmcreasespatialsamplefi巳qUency．

⑥ 

O￣動的詞、幻｡｡￣Sap中lｅ

Fig.６.DetectedECrsignalwithSV-GMRscannmgover 
PCBmcdel（a）wiU1scanningspeedofO､１０ｍ/sand 

lO-cyclecapturingsi印a1,腕.(b)detectedsigmalftom
SVLGMR,(C)applied5averagmgsi理als,(｡)applied9-
averagingsignal,3,.(e)appUedFIRfiltertosignal(c） 
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(e） 
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Fig.７.DetectedECrsi2malwithSV-GMRscanningover 
PCBmodel③wiUlscammngsPeedofOO5m/sand 

200-cyclecapturingsignal,醜.(b)detectedsi囚lal函m
SV-GIVnL（c)applied5-averagmgsi印als,（｡）appUed
9-aN/亜gingsignaLand(e)appUedFmfiltertosignaI(｡）
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ThesamplePCBmodelanditsinspectionresults 
areshownmFig8・NUmericalgndientimagewas
appliedtothecalculatedsi餌alandrepresentedm
2-dimensionimage・Wilhscanningspeedof
OO5m/sand200-cyclecapturingsiglal,thespatial 
resolutioninscalmmgdh℃ctionwereappmximately 

iMlN護憲i1瀧;麟鰡鞠:I
befbretheimagewasgenerated、Theuseof
5-averagingand9-averagingsiglalmadethedefbct 
pointsclearertospecify,AppliedmultiSV-GMR 
sensortechniqUebasedonmultisi8malaveraging 
couldimprovemspectioncapability，Neverlheless 
numberofsignalusedinaveragingshouldhave 
enoughvaluetoenhancethedefbctsignal． 
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