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HelmholtzCoilExciterBasedonEddyCurrentTesting 

TeerasakSomsakl,KomkritChomsuwan''2,ShotoshiYamada1andMasayoshilwaU1ara1 
lKanazawaUniversity,Japan 

２KingMongkut，sUniversityofTechnologyThonburi,Thailand 

Thispaperprcsentstheutilizationofspin-valvegiantmagnetor己sistance(SV-GMR)ａｓａ
ｓｅｎｓｏｒａｎｄＨｅｈｎｈｏｌｔｚｃｏｉｌａｓａｎｅxciterfbrdetectionofbothsingleandaITayconductive 
micI0beadbasedoneddycuITenttesting⑮CDtechnique・Themagneticfielddistributionofthe
proposedECTprobewascalculatedbyfiniteelementmethod(FEM).meexperimentwas 
perfbrmedtodetectasingleandanHyconductivemicrobead・Ｔｈｅ】℃sultsenabIedusto
determinethepositionandachievegoodlevelofsignals・
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LIntroduction 

Eddycun巳ntTesting(ECT)techniquehasbeen
widelyutilizedtodetectcracksandflawsof 

specimenswithinsevemlfleldssuchasailplane， 
automobile，nuclearpowerplantandelectronic 

assembly[1],[2］InECTapplicationsmanypopular 
sensortechnologieshavebeenusedsucｈａｓｈａｌ１， 

fluxgate，superconductingquantuminterference 
device（SQmD）andspinvalvegiant 
ma印etoresistance（SV-GMR）［3lSV-GMRhas
manyadvantages，suchashigh-sensitivi可tolow
magneticfleld,high-spatialr己solution,lowcostetc．

[4lHence,ithasbeensuccessfUllyappliedtodetect 
microdefbctonprintedciIcuitboardandconductive 

microbeadbyusingthemeandercoilasanexciter 
[５１[6]・Inthispaper,wedescribethedetectionof
bothsi､gleandarrayconductivemicrobeadｗｉｔｈ 
ＳＶ－ＧＭＲａｓａｓｅｎｓｏｒａｎｄＨｅｌｍｈｏｔｚｃｏｉｌasan 

exciterbasedonECTtechnique． 
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Figl･ProposedECTpmbestructuI己
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2．DetectionofConductiveMicrobeadbyECT 
Technique 

2・ノPmposezfECTPmbesl7wc畑rB

TheploposedECTprobeconsistedｏｆａ 
ＨｅｌｍｈｏｌｔｚｃｏｉｌｐａｉｒａｎｄＳＶ－ＧＭＲｓensor・Ｔｈｅｃｏｉｌｓ
ｗｅｒｃｏｆｃｏｐｐｅｒａｎｄｈａｄａｃｉrcularshapewith8nm 
radius・neuppercoilandlowercoilwereconnected
insenesasshowninFi9.1.ＡｎＡＣｅｘcitingculTent 

Ｆｉｇ２,LayoutofpmposedECrprobesmlctuIe 

wasfedtothecoilstogeneratethemagneticfield 
Twoexciting鉈quencieswereused：ＳＭＨｚａｎｄ
ｌＯＭＨｚ・Theydirectionofthecoordmatesystem
wasdefinedasthedirectionofthemagneticfield， 
withtheupwalddirectionarbitrarilychoseasthe 
positivesense 

TheSV-GIVnRsensorhadanefIectiveaI己ａｏｆ

２ｓＵｍｘ２００Ｕｍ､Thesensorhadalift-ofrheightof 
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approximately37ILm・ａｓｓｈｏｗｎｉｎＦｉｇ､２.Thelower
fhceofthesensor，meaningthelowerfaceofthe 

protectivefilmofthesensor，wasplacedslightly 
abovetheplaneofthehighestpointonthespecimen・
Thesensitiveaxisofthesensorwhichisataright 
angletothemagneticfieldwasdefinedtobethez-
direction 

TheHehnholtzcoilandSV-GMRsensorwere 

mountedonanacryUc丘amethatmovedasonerigid
body､Thisassemblywasscannedoverthesurfnceof 

thespecimenareausingatwo-axisstagecontroller・

Thepositionlcsolutionofthescaｎｎｅｒｗａｓ２０ＩＬｍ 
ＴｈｅｓｃａｎｐｌａｎｅｗａｓｔｈｅJr-zplaneusmgthe 
coordinatesdefinedabove・

SeveralspecimenaITangementsweresmdiedln 
allexperimentsthemicrobeadmaterialwasPb-Sn 
solder､FirsUy,asmglemicrobeadwasused・Inthe
single-microbeadexperimentssixradiuseswere 

tested（'2511,,1501｣m,20011,,25011,,30011m 
and380I1m)．Secondly，ａｇｒｉｄｏｆｆｂｕｒｂｙｆｂｕｒ 
ｌ２５Ｕｍｂｅａｄｓｗｅｒeusedandthebeadswelclaidout 

onasquaregIidwithaveragepitch48０１｣ｍ、The
advantagesoftheproposedECTprobearethelift‐ 
ofTheightwasconsiderablydecreaseandalso 
generatedunifblmmagneticfieldoverthespecimen． 

５
０
 

１
Ｉ
 

坐

５
０
５
 

● 

（
戸
目
）
①
四
ｓ
ち
う

興
鱸

● ● 
〃〃

● ０
５
 

１
１
 

ｍ
 

。

-200－１０００１００z00 

ExternalmagnetlcneldB(1ｍ 

Fig.３.SV-GMRchamctelistic 
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ＴｈｅＳＶ－ＧＭＲｓｅｎｓｏｒｗａｓｄｅｓｉ印edtohavea
most-sensitivediIectionHoweversomercsponse 
wasalsoexpectedfbrmagneticfieldsatrightangles 
tothisdirection・Toevaluatethis，thesensorwas
placedbetweentheHelmholtzcoilsbutmthree 
differentorientations：withthesensitivedirection 

alignedwiththeglobalx-,y-andz-dilcctions・TTle
magneticfieldfbrthesetestsｗａｓｄｒｉｖｅｎａｔｌＯｋＨｚ 

ａｎｄｗｉｔｈｓｔｒｅｎｇｌhapproximately4001LTpeak-to-
ｐｅａｋ 

ＴｈｅＳＶ－ＧＭＲｓｅｎｓｏｒｗａｓｂｉａｓｅｄｗｉｔｈａｃｏｎｓｍｎｔ 

ｃｍＴｃｎｔｏｆ２５ｍＡ,A1ock-mamplifierwasusedto 
measHⅢcｔｈｅｖｏｌｔａｇｅａｃｒｏｓｓｔｈｅＳＶ－ＧＭＲｓensor・
Fig.３showstheresponseofthesensor・Itcanbe
seenthatthesensitivedirectionにspondedata
sensitivityofapploximately72W/ILTandthatthis 
responsewasgreaterthanfbrtheothertwo 

directions(151｣Ｍ１｣T)． 
ＴｈｅｎormalresistanceoftheGMRsensor,inthe 

absenceofanappliedmagneticfield，ｉｓabout 

■■Tロ四ｕｒｒｈｍ問ｂＧＦｍ汗、弱■…Ｐ

Fig.４.DetectionPrincipIe 

2.3DejeaiO"Pm7cipに

Fig.４showstheprincipleofmicrobeaddetection 
TheexcitingcurrentwasfCdtotheHelmholtzcoil 
withhequenｃｙｏｆ５ＭＨｚ，Thecircularcoilfbnn 
waschosenbecauseitproducesalcasonably 
homogenousandsmuightmagneticfield，whichis 
nolmaltotheplanesofthecoils[8］ 

Ｆｉｇ４ｉｓｄｒａｗｎｔｏｓｈｏｗｔｈｅｃｕＩＴｅｎｔｆｌｏｗｍｇ 
ｃＩockwisearoundtheloops・Thecoilsgenemteda
magleticfieldｔｈａｔｍｄｕｃｅｓａｎｅｄｄｙｃｕＩＴｅｎｔｉｎｔｈｅ 
conductivemicrobead・Notethatthedh巳ctionofthe

eddycurrentinthebeadopposesthatintheexciting 
coil,Theeddycurrentmthemicrobeadgeneratesa 
smallmagneticfieldasshown、

Thedetectionapploachwastomeasurethez-axls 
componentofthemagneticneldgeneratedbythe 
microbeadeddycuIrents． 

:3,1i:igW:EC:辮剛鱒ｉｆ脇:'1謡胖淫
thesoldermicmbeadmaterialwas6､8xlO6S/ｍ[7]． 
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00 
Ｆｉｇ５・Magicticfielddismbutionas

byFEM 

calcu11貝fed ２ －】Ｃｌ２３

Displacement(m、）

３ 

Ｆｉｇ．８．ECTsignalandgradientobtainedhＤｍｔｈｅ 

ｄｅｔｅｃｔｉｏｎｏｆｂｅａｄｗｉｔｈ２５０Ｕｍladiusattheexciting 
fequency5ＭＨｚ・

ThemodelparametersmcludedexcitingcunPent 
200mAat51V旺Iz，ａｎｄthesimuIatedspeclmen
resemblmgasinglemicrobeadwithl25Umradius・
ThephysicalalTangementofthemodelelements 
simulatedtherealequipmentasdescribedabove 
Maxwell⑥３ＤsoftwaieversionlOhomAnsoft 

Corporationwasused[9]、

Ｆｉｇ５ｓｈｏｗｓａｐｌｏｔｏｆｔｈｅｍａｇｎｅｔｉｃｆｉｅldvector 
ascalculatedbyMaxwellFEMsoftwareAccording 
tothesoftwa｣℃thefieldisqUiteunifbrmnearthe 
cemeorlhecoils， 

Fig.６ｓｈｏｗｓａｐｌｏｔｏｆｔｈeeddy-cuncmvectors 
insidetheconductivemicrobead,pmjectedonthex-
zplane， 

FEMcanbeusedtocalculatethemagF1eticfield 
ofthebeadandthesignalsmdicatedthebead 
positionａｓｓｈｏｗｎｉｎＦｉｇ７． 

■ 
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Fig.６.Eddy-currentonsurfiBceofbead 
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星 ３.InvestigationofConductiveMicrobead 

3､ノSmgノビＣＯ"dhuaive碗jc”ｂｅα`ﾌﾞ｡b'ｃｃ'わ〃

Thepositionofconductivemicrobeadcanbe 

classifiedbytheECTsignalandits8pPadient・The
refbrencelinewasdmwnthroughthecenterofbead 
asshownintheFi9.8 

Ｆｉｇ．９expl巳ssesthesig1alvariationvs、
conductivemicrobeadladiusthatwasobtamedby 

experimentmethodThetwoexciting丘equencies
usedwere,ｓａｎｄｌＯＭＨｚｌｔｗａｓｆｂｕｎｄｔｈａｔｔｈｅ５ 

ＭＨzexcitingBrequencyrcachedahighersig1althan 
thelOII征Izexcitingftequencywhenthebeadmdius

washigherthan200Ilmradius． 

00.ｌＵＺＯ､３0.4 

,12mECC(m、）

Fig.７.MagneticfieldPz,overthesensingUnck 
oh↑､in副ｍｍＦＥＭ

2.‘ＦＥﾉＩＴＣロノと"ﾉmio〃

Theexpenmentalapparatusdescribedabovewas 

desigledtoproduccaunifbrmmagneticfieldclosc 
tothespecimenandSV-GMRsensor，TheFEM 
modelwasusedfbrverification． 

(64） 280 

關

,／ 

鎌
、ＩＦ＝ｂｅ■』

｡■PI;TUG 



日本AEM学会誌PbLJj,Nb､ゴロ００刀

３．２８口〃g7j‘(wzD'火にc"o〃

ＴｈｅｂａｌｌＥｍｄａｌｍｙ（BGA）wasmadeby 

conductivemicrobead，ofl251mlradiusand 

approximately450ILmpitch，ａｓｓｈｏｗｎｍＦｉｇｌＯ・
Thegradientofmagneticfluxdensityexpressedthe 

positionofeachballinthealTaydlnaddition，this 
techniquecanbeusedtoinvestigatetheposition 
lesolution・ＦｉｇｌｌｓｈｏｗｓｓｕｃｈａｐｌｏｔｗｉｔｈanelTor

positionaround601JLm． 
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4.Conclusmm 

Anexperimentalmethodfbrthedetectionof 
conductivemicrDbeadsusingaHelmholtzcoiland 
SV-GMRsensorhasbeenpにsented,AFEMmodel

wasusedtoexpressthemagneticfielddistribution 
Thismethodcouldbeappliedtodetectsingleand 

arrayconductivemicrobeadThesignalvariationof 
conductivemicrobeadconveysinfbrmationofthe 

beadsize・Thepositionsofl25Umradius
conductivemicrobeadsmanaITayamangementof 

pitchofapproximatelｙ４５０１１ｍｃａｎｂｅｄｅｔｅｃｔｅｄ 
ｕｓｍｇｔｈｅｍｅthoddescribedThetypicalpositional 
eIrorinthemeasuIcmentwasapproximately60Um・

ThistechniqueenablesustodetectsmaUer 
conductivebeadwhentheGh征Rsensorwaskeptas

closeaspossibletothespecimen・Inaddition,itis
possibletousethistechniquemphysical 
measurementandbiosensorapplications． 

0 

0１００ＺＯＯ３００ 

ConductivemlcrobeadradiusOLm） 

Fig.９.Sigmalvariationvs､conductive 
microbeadlndiuug 

Fig.10.BallgridarraymodeI 
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