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Abstract

Magneticdynamicprocessesfbrmicromagneticclusterswithlocaldisorderofcrystalstructureweresimulatedbypseudo-non‐
equilibrialMonteCarlomethodThemagneticfielddependenceofmagnetizationshowedalittledipatzeromagneticfields・Ｔｈｅｄｉｐ
ｂｅｃｏｍｅｓｌａｒｇｅｒａｓｔｈｅｎｕｍｂｅｒofdislocationsincrease、SimulatedBarkhausennoiseatthedipwasstrongerthanordinal-simulated
Barkhausennoisearoundcoercivity・Ｔｈｅsnapshotofspinsshowsamagneticfluctuationarounddislocations・Ｔｈｅｒｅsultsuggestsa
possibilityofanewmeasurementwithhighsensitivity,todetectthedefbrmationofmicromagneticclusters．

KEywor巾:Magnetichysteresis;Barkhausennoise;MagneticHuctuation;Micromagneticclusters

１．Introduction Wehavesimulatedthemagneticdynamicprocessusing
pseudo-non-equilibrialMontcCarlo(ＭＣ)method[11-14l
Inthispaperwewillpresentthepropertiesofthemagnetic
dynamicprocessfbrmagneticclusterswithlocaldisorder
inthecrystalstructure．

Recentlyanumberofexpcrimentalstudieshavebeen

madeonmagneticdynamicprocessesfbrmicromagnetic

clusterssuchasmagneticnanowireorquantumdots[1-4]、
Forthinfilmtypemagneticcluster，real-timemcasure-

mentsofmagneticdomainwallmovementshavebeentried

mainlyusingmagneto-opticalKerrefT1ect［5,6]．Onthe
otherhand，othersimulationsfbrmagneticclusterslike

nanowiresaredealingwithmagneticdynamicprocess，
especiallyhysteresisloops［7-10]．Theinformationis

becomingusefillfbrdevelopinghigh-densitymagnetic
memoriesormicromagneticdevices・Ｔｈｅｉniluenceoflocal

disorderofcrystalstructureondynamicmagneticproper-
ties，however，hasnotbeenconsideredsufHcientlyThe
localdisorderofcrystalssuchasimpurity，defもctsor
dislocationsispossiblctoexistevcnfbrawell-controllcd
grownclusterTherateofdisorderwillincrcaseasthcsize

oftheclusterdecreases，ａｎｄｔｈｅｎｉｔｗｉｌｌｂｅｉｍｐｏｒｔａｎｔｔｏ
ｅｓｔｉmateitseffectonthemagneticprocesses．

2．Numericalmethod

ｌｔｉｓｎｏｔｕｓｕａｌｔｏｓｉｍｕｌａｔｅｄｙｎａｍｉｃｍagneticprocess，
becausethebehaviorofaspinsystemundercontinuously
changingmagneticfieldhasnotyetbeenestabliｓｈｅｄＷｅ
ｈａｖｅｂｅｅｎｔｒｙｉｎｇｔｏａｐｐｌｙＭＣｓimulationfbrthedynannc
magneticprocess,especiaUylikeaBarkhausennoise(BM
Theresultsshowedgoodcorrespondencewithexpenmen-
talresults，especiallytemperaturedependencｅｓｏｆＢＮ・
Moreover，theresultssuggestedthepossibilitythatcloser
observationofamagneticdynamicprocess，ｓｕｃｈａｓＢＮ，
providetheinfbrmationfbrthestateofmagneticmaterials・
Thesamemethodisappliedinthefbllowingfbrplanetype
magneticclusterswhichincludedislocationloops、
Ingenera１，Ｍｃｍethoddealswiththethermalequili‐

briumstateTheconventionalprocessisasbelow,i､e・(i)at
firstaninitialspinarrangementisset;（ii)thenaspinis
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fbcusedinthespincluster;（iii）nextatrialspin-Hipis

executedfbrthefbcusedspin;(iv)thelocalHamiltonianof
thefocusedspiniscalculatedforthestatebefbreandafter
spin-Hip;(v)eachspinstateforthefbcusedspinisdccided
bymakingacomparisonbetweentheirenergics,including
thcrmalHuctuationefYects､ｏｎｅＭＣｓｔｅｐ(１MCS)means

scanninguptothetotalcellanumberoftimesfbrthe

processfrom(ii)to(v).UsuallyMCstepsarerepeateduntil

onegetsastablestate[15-21］

Nowwestoppedtherepeatbefbregettingastablestate，

becauseofdealingwiththemagneticdynamicprocessesfbr

BN・Undertheconditionofconstantmagneticfield，the

totalspinisinanon-equilibriumstateandgoingtoan

equilibriumstatcwithprogressingMCstepsThemagnetic
fieldslightlyincreasesbefbreitcomestotheequilibrium
state，ｔｈｅｎｔｈｅｔｏｔａｌｓｐｉｎｉｓｋｅｐｔｕｎｄｅｒａｎｏthernon‐

equilibriumstateagain，whileproceedingtoanew

equilibriumstate､Theoperationisrepeateduntilthefinal
magneticfieldisachievedBecausethechangeofthe
magneticfieldisminute,itisregardedthataseriesofsteps

isanapproximatclycontinuousprocessthroughapseudo‐

non-equilibriumstate・Hereweintroduceanassumption

thatmagnetizationintensity(Ｍ),namelythesummationof

totalspins(Ｍ＝Ejsi;sjdenotcsthcjthspinstate),ofcach
MCstcpcanrcHectthemagneticdynamicprocessonthe
magnetichysteresis・Therefbre,inthisstudy,wedifflerenti‐

atethemagneticprocessfbrapplicdmagneticiield

(｡Ｍｄ(MCS))anddealwiththediscretecomponenｔｓｏｆ

ｄＭｄ(MCS）ａｓｓｉｍｕｌａｔｅｄＢＮ・NotcthatMCSonour
simulationvarieswithtiｍｅ(1)ontherealsystem、

Here，ａｓｐｉｎｓｙｓｔｅｍｃｏｍｐｏｓｅｄｏｆ３１ｚ＝９６１cells
(O＜ｘ＜30,にy＜30）standingforasinglesquarelattice

waspreparedasanormalspinsystemThelatticcconstant

isl,andthisisregardedasacriterionoflengthDefbrmed
spinsystemsweremadebyintroducingoneortwo
dislocationloｏｐｓｏｎｔｈｅｎｏｎｎａｌｓｐｉｎｓｙｓｔｅｍ，asshownin
FigL

AsimpleHamiltonia､(H)wasusedforthesimulationas
shownbelow：
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1．ModelFig.１．Modelofmicromagneticclusterwithresidualstraininc

(a)onedislocationloopand(b)twodislocationloops．
uding
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HereSjdcnotesthespinstateofjthcell,ａｎｄＪ１/stands
fbrtheefYbctiveexchangeenergyfbrjthand/thspinsD
representsappliedmagneticfieldForsimplicity,magnetic
anisotropyandmagneticdipoleinteractionwereneglected
ThisisjustifiedbecausetheclustersizewassetsmaLand

theｎｕｍｂｅｒofmagneticparticlesissmalLHere,weadopt

thephysicalmodelofL/asastephmctionaviz．

'F,(卜勿１－{;H;三}｝②
r"dcnotesthedistancebetweenjthand/thspinsAlthough
theexchangeenerｇｙｏｆｔｈｉｓｍｏｄｅｌｉｓｓｕｐｐｏｓｅｄｔｏｂｅ
ｏｖｅrcstimatedcomparedtorealmagneticmaterials,itwill
beallowedfbrthepurposetoderiveintrinsicefYbctoflocal
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Fig.２．Magnetichysteresiscurvesfbrmagneticclustersincluding(a)no
dislocationloop,(b)onedislocationloopand(c)twodislocationloops．

ＩＤ Ｕ

１
’
’
’
１
「
Ｉ

－，■■■■■－」

|）
H１

１
Ｊ

い
①
ｊｃく



0．００．２０．４０．６０．８１.OxlO6

Time(MCS）

Fig.３．SimulatedBarkhausennoise(BN)fbrmagneticclustersincluding
(a)nodislocationloop,(b)onedislocationloopand(c)twodislocation
loops．

disorderinthccrystalstructurefbrdynamicmagnetic
processForexample,europiumoxide(EuＯ),whichiswell
knownasatypicalmagneticsemiconductor，hasa

dominantexchangeenergyJlrepresentedasanexponen‐
tialfimctionofthedistancebetweenindividualstatesdue

toRKKYinteractionThatis，theexchangeinteraction
decreasesrapidlyasthedistanceincreases､Whenthelattice
defblTnationbecomeslarge,thedistributionofJIcouldbe

regardedasafimctionsimilartoEq.(2)．

Thesimulationwascarriedoutbytheuseofthesuper-
computer,ORIGIN2000inthelnstituteofFluidScience，

TohokuUniversity．

3．Resultsanddiscussion

Fig2showsthecalculationresultsfbrmagneticfield
dependenceofmagnetization（magnetichysteresiscurve）
fbrthemagneticclustersmcluding（a）nodislocation
loop，（b）onedislocationloopand（c）twodislocation

loopswhenappliedmagneticheld（B）changesalong
B＝０→＋１→０→－１→Ｏ→＋LMagnetizationis
normalizedbythｅｎｕｍｂｅｒｏｆｓｉｔｅｓｉｎｔｈｅｃｌｕｓｔｅｒ・All

hysteresiscurvesshowthesaturationmagneticfieldBs
aroundO5･Ｔｈｅｃｕｒｖｅｓｆｂｒｔｈｅｓｐｉｎｓｙｓｔｅｍｓｗｉｔｈ
dislocationloopshavedipsaroundzeromagneticfield，
bｕｔｔｈｅｄｉｐｃａｎｎｏｔｂｅｓｅｅｎｆｂｒｔｈｅｎｏrmalspinsystem・
Moreover，thedipdepthincreasesasthenumberof
dislocationloopsincreases・

Ｆｉｇ３ｓｈｏｗｓｓｉｍｕｌａｔｅｄＢＮｓｕｎｄｅｒａｎａｐpliedmagnetic
heldofatriangularwavefbnnfbr(a)nodislocationloop，
(b）onedislocationloop,ａｎｄ（c）twodislocationloops、
ＬａｒｇｅＢＮｓａｒｅｃｌｅａｒｌｙｓｅｅｎｉｎｔｈｅｍａｇneticfieldacrossthe
zerofieldwhenincluding（b）onedislocationloopand
(c）twodislocationloopsThechangeofmagnetization
aroundthezerofieldislessthantheonearoundcoercivity
SmallBNsexistaroundcoercivityfbrallcases・Theseare

supposedtobeordinalBNswhichareproducedby
discontinuousmagneticdomainwallsmovements[22,23]、
ForinvestigatingtheoriginofBNaroundthezero

magneticfield，ｌｅｔｕｓｆｂＵｏｗｔｈｅｃｈａｎｇｅｏｆｓｐｉｎｓｗｉｔｈ
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Ｆｉｇ．４．Snapshotsfbrmicromagneticclustersincludingnodislocation
loop(leftside)andonedislocationloop(rightside)inamagneticfield
changingalong（a)Ｂ＝＋１－÷,（b)Ｂ＝０→,(c)Ｂ＝－０３→，（d)Ｂ＝
－０．４→，(e)Ｂ＝－０．６ｉｎFig.２．

triangularwavefbrmmagneticfielｄａｓｔｉｍｅｆｌｏｗｓ・Fig4
showsasenesofsnapshotsfbrncromagneticclusters
includingonedislocationloopinmagneticfieldchange
along（α)Ｂ＝＋１→,(6)Ｂ＝０→,(c)Ｂ＝－０３→,(α)Ｂ＝
－０．４→,(e)Ｂ＝－０６ｉｎFig.２.WeclearlyseethefUrious
spindisordersaroundthedislocationloopwhenthe
magneticfieldisaboutzero，HencQtheoriginoflarge
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Fig.５.（a)Magnetichysteresiscurveand(b)simulatedBMbrathreelayermagneticclusterincludingonedislocationloopontheintercalationmiddle
layer．

ＢＮｓｉｎＦｉｇ３ｗｉｌｌｂｅｍａｉｎｌｙｄｕｅｔｏｔｈｅｅxistenceof
dislocation､Forordinalmagneticmaterials,therateofthe
areaoflocaldisordersinthecrystallizedmagneticclusters

isverysmallanditsefTectcouldnotbeeasilydetectedln
fact,asshowninFig5(a),thedipsaroundzeromagnetic

fieldonthehysteresiscurvesdecreaserapidlywhenthe

micromagneticcluster,includingonedislocationloop,viz
aplanerepresentedasFigl(a),isintercalatedbetween

doubleperfect-crystallizedplanescompoｓｅｄｏｆ３１２＝９６１
cells(O＜ｘ＜30,0＜Ｋ30)withoutanydislocationloops、

ButtheanomalousBNcorrespondingtothedipdoes

notdecrease,ａｓｓｈｏｗｎｉｎＦｉｇ５(b),althoughindicating

thattheanomalousBNishighlysensitivetosuchlocal
disorders・

Ｆｉｇ６ｓｈｏｗｓｔｈｃｃａｌｃｕｌａｔｉｏｎｏｆｔｈｅｍａgneticafter‐

efYectunderappliedmagneticfieldschangingfromB＝１

ｔｏＢ＝－１asastepfimctionoftime,ａｓｓｈｏｗｎｂｅｌｏｗ：

剛-皿(ﾙに{三に:） (3)

AfterchangingthemagneticfieldtoB＝－１，the

magnetizationfbrtheclusterwithoutanydislocation
loopsgraduallydecreasesandfinallygetstotheopposite
saturatedmagnetizatiｏｎＯｎｔｈｅｏｔｈｅｒｈａｎｄ,themagneti‐
zationfbrthemagneticclusterincludingonedisloca-

tionloophasａｔｉｎｙｄｉｐｒｉｇｈtafterthemagneticfield
wasswitched・Ｉｎｔｈｉｓｃａｓｅｉｔｉｓａｌｓｏａｓｓｕｍｅｄｔｈａｔｓpin
Huctuationexistsaroundthelocaldisorder・

TheaboveresultssuggestthehighHuctuatingand
stressMstateofthespinsystemincludinglocaldisorders・
Ourmodelfbrthesimulationmayincludcsomeextreme
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Fig.６．Calculationofthemagneticafter-efIectunderanappliedmagneticfieldchangingfiPomB＝１ｔＯＢ＝－１asastepfUnctionoftimefbrtheclusters
withoutanydislocationloopsandwithonedislocation．

overestimation，especiallyabouttheexchangeinteraction
whichhasasharpcut-ofTlengthButthetendencywillstill
remａｉｎｉｎｓｏｍｅｄｅｇｒｅｅｆｂｒｔｈｃｒｅａｌsystem・Thenwemay
haveanewmeasurementtoolusingBNwhichcandetect
thelocaldefbrmationinnncromagneticclusters．
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