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The M-H loopsobtainedunderdifferentmagnetizatiorconditionshave beenusedin or-
derto analyzethe coercie field H. andthe enepgy lossper cycle E for the amorphous
Coy9.3Fey1.7Sii5B1o ribbon. Applying the modelfor theinfluenceof the surfacefields H,,
on the magnetizatiorprocesse amorphouderromagnetiaibbons,we investigatedhe
effectsof the dynamicfield H, on H, and E. It is shawvn thatthe influenceof dynamic
H, onthe M-H loopdoesnotdependntheorigin of H, andE (staticor dynamic).This
resultis importantbothfor thefutureinvestigation®f themagnetizatioprocesses these
materialsandfor the potentialapplications.

PACSnumbers:75.50.Kj,75.60.-d,75.60.Ch UDC 538.955539.213

Keywords: amorphousCorg.3Fes. 7SiisB1o ribbon, M-H loops,coercie field andenegy lossper
cycle,influenceof the surfacefields

1. Introduction

The possibilityto decreaséhe enegy losswhich occursduring the magnetizatiorof
soft magnetianaterialgs importantbothfor the applicationof thesematerialsandfor the
betterunderstandingf their magnetizatiorprocessesPrevious experimentshave shovn
thatthe direct core currents(passedhroughthe samplefrom an externalcurrentsource)
affectthe M-H loops(the positionof its center the coercve field H, andthe maximum
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permeabilityu,,.,) of amorphouderromagnetiaibbons[1], and,therefore affect their
enegy loss,too. Recentlywe developeda simplemodelwhich explainsthesephenomena
in termsof the influenceof the surfacefields H, (generatedy the core current)on the
movementof domainwalls (DW) within theribbon[2,3]. This hypothesisvasconfirmed
by generatingd,, in differentways[4] andby producinga compositematerial(sandwich)
in which the layer of hard magneticmaterialgeneratedd,, [5]. Thesemethodsallowed
the decreas@f the apparentnegy losspercycle E by about50% [5]. However, it was
foundthatsuchstaticfields H, cannotdecreasé& and H, belov somelevel, becausef
theinfluenceof H, onthesuriacedomainstructureandcorrespondinglyncreaseginning
of the DWsin thevicinity of the surfacesof the sample[6]. However, the dynamicfields
H,, (generatedy the alternatingcore currentJ = Jy sinwt) candecreasehe apparent
H_ down to zero(providing thatthey aresuitablysynchronizedvith the magnetizindield
H [7,8]), which canalsobe explainedin termsof the abose mentionedmodel[8,9]. The
measurementsave shovn that H, = 0 canbe achieved over a wide frequeng rangeof
themagnetizindield H [10].

It is well known thatthe enegy loss E and H,. in soft ferromagnetsncreasedueto
eddycurrentg11,12],with increasingrequeng of H (dynamicloss).To our knowledge,
therewasno previous study of the influenceof surfacefields H, on the dynamiclossin
amorphouderromagnetiaibbons. In what follows, we discussthe influenceof the dy-
namicfield H, (generatedy the alternatingcore currentJ) on theloss E andcoercie
field H, for theamorphousCorg sFe;.7Sh;B1o ribbonat severalfrequencieof the mag-
netizingfield.

2. Experimental procedures

Thepossibilityof thedecreasef lossE andH,. hasbeeninvestigatednanonmagne-
tostrictive Cozq.3Fey.7Sii5B1g ribbon(hereaftelCoFeSiB)of dimensiong x w x ¢t = 200
mm x 2 mm x 0.02 mm. All measurementsf the M-H loopswereperformedwith an
inductiontechnique[13] at room temperatureThe variationof H, and E with the fre-
gueny f hasbeenstudiedin thefrequeng rangef < 120 Hz. Themagnetizindield H
hadthetriangularform with theamplitude25 A/m whichresultsin theratio betweermmax-
imum andsaturatiormagnetizatio,,, /M, = 0.97. Thedynamicsurfacefields H, were
generatedy passinghe sinusoidalcurrentJ alongthe ribbon during the magnetization
measurementd.he periodicity of J wasalwaysthe sameasthatof the magnetizindield
H (27 /w = 1/f), but its phasewasadjustedn respecto thatof H in orderto produce
thedecreasef H. with increasingd,, [8,9]. Thestrengthof themagnetizindield H and
the surfacefields H, usedin our measurementserecomparablédo the Earth's magnetic
field. However, suitableorientationof the samplemadethe influenceof the Earth's mag-
neticfield onthe measuredV/-H loopsnegligible. In particular the samplewasoriented
in suchway thatthe positionC' of thecenterof M -H loopbecamezero(C = 0) in theab-
senceof Hp. In thatcasetheEarth’sfield is approximatelyperpendiculato thedirections
of magnetizatiovectorsof the domainsbelongingto the maindomainstructure.

The variation of the remanentmagnetizationM,. and H,. with M,, /M, have been
measuredn thetriangularmagnetizindgield H with differentamplitudesup to 350 A/m,
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for four differentfrequenciegf = 2.2,10.3, 22 and53 Hz). The samefrequenciesvere
usedfor themeasurementsf variationof H, vs. Hyg.

3. Results and discussion

Figure 1 shaws that on increasingfrequeng f, the M-H loopsfor the investigated
CoFeSiBsamplebroaden(H, increasesand,thereforetheirareas

1.0 ——
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Fig. 1. M-H loopsfor the Corg sFe, 7ShsB1o Samplemeasuredt frequencieg = 2.2
(full line), 10.3(dashedine), 22 (dottedline) and53Hz (dash-dotine) in the absencef
the surfacefield H,, andfor Hyy = 22 A/m measuredit frequeny f = 2.2 Hz (dash-
doubledotline). The measurementwere performedwith a triangulardrive field of an
amplitudeHy = 25 A/m.

(enepgy The variationsof H, and E with f (Figs. 2 and3) indicatethatthe main contri-

bution to the enhancemenif H, and E with f is dueto the excesseddy currents[12].

In particular the magnetizatiorprocessef the nonmagnetostricte amorphousibbons
(suchastheinvestigatedCoFeSiBsample)aremainly dueto the motion of the w-domain
walls of themain(inner)domainstructurg13,14]. Themagnetizationg of thesedomains
formrathersmallangles with theribbonaxis[15]. Theanalysisof thedatashaovn in Fig.

4 in termsof the modelfor theinfluenceof thealternatingcorecurrentonthe M-H loops
shavsthatthe averageangle< 4 > is about4® for our sampleln particular in thin long

ribbon,thecorecurrent generatethe magnetidield H,, whichis maximumattheribbon
surfacesHyy = Jo/(2w) (the profile of H,, is shovn in theinsetin Fig. 4). Accordingto

themodelfor theinfluenceof the surfacefields H, onthemagnetizatiorprocessem thin

ferromagneticibbons thealternatingcore
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Fig. 2. Variationof the coercie field H, with f°3 for the Coyg.3Fey.7SisB1o Samplein
the absencef the surfacefield H, (O0) andfor the casewhenthe dynamicsurfacefield
(generatedy the alternatingcorecurrent)with the amplitudeH,o = 22 A/m actson the
sample(d). The inset: the samevariationsof H, with f. The magnetizindfield of an
amplitudeH, = 25 A/m wasused.
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Fig. 3. Variation of the enegy loss E per cycle with %5 for the Co;.3Fey7Sii5B1o

samplein the absencef the surfacefield H, (O0) andfor the casewhendynamicsurface
field (generatedby thealternatingcorecurrent)of anamplitudeH o = 22 A/m actsonthe
sample(d). Otherconditionsof the measuremenverethe sameasfor the resultsshavn

in Fig. 2.
currentJ (suitablysynchronizedvith H [8]) produceghe decreasef the coercie field
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H,[9]:

Hc = HcO — HpO tan < 6 >, (1)

where H is the coercve field in theabsencef J, and< é > is the averageanglebe-
tweenthe magnetizationd of the domainsbelongingto the main domainstructure[14]
andtheribbonaxis.Duringtheirmotion,the DWs of themain(inner)domainstructureen-
counterdifferentpinning centreqsurfaceirregularities,chemicalinhomogeneitiesstruc-
turaldefectsgtc.[16]) which causehecoerciity andenegy lossin thesematerialsin the
nonmagnetostriote samplesthe strongespinningcentresarelocatedcloseto theribbon
surfaceq16,17].

0 5 10 15 20 25
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Fig. 4. Variationsof the coercie field H, in the Corg.sFey7SiisB1g samplewith the

surfacefield amplitudeH y, generatedby the alternatingcorecurrent] atthefrequencies
f=22(), 10.3(V), 22 (A) and53 Hz (O). The magnetizindfield of an amplitude
Hy = 25 A/m wasused.Theinset:the diagramof the H, profile.

The variationsof log H, with log(M,,/M,) shavn in Fig. 5a confirmthat through-
outthe exploredfrequeng range threetypesof pinning centresmainly participatein the
magnetizatiorprocesses(As obsened earlier [18], the log H, vs. log(M,,/M;) plots
consistof threeapproximatelylinear partsfor all exploredfrequencies.Briefly, the slope
of log H. vs. log(M,, /M) curveis proportionalto the strengthof the pinning centres
which participatein the magnetizatioprocessewithin the givenrangeof M, /M, [13].
Moreover, if within the samerangeof M,, /M, log M, increaseswith log(M,, /M),
thenthe magnetizatiorof the sampleproceedsvia the irreversiblemotion of DWs (M,
saturatesvith M, /M, if thereversibleDW bulging occurs)[13,18].Figure5b shavsthat
the magnetizatiorin our CoFeSiBsampleoccursvia theirreversibleshifts of DWs over
theencountereginningcentreqthe Barkhausers jumps)[13,18].
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Fig. 5. a) (left). Variation of the coercie field H, with the normalizedmagnetization
M,./M, for the Corg sFey 7SiisB1o sampleandwith frequeng f of the driving field.

The frequeng of the driving field was 2.2, 10.3, 22, and 53 Hz, respectiely. a) (right)

variationof thecoerciefield H,. with thenormalizedmagnetizatiod ,, / M (f = 53 Hz)

for the samesample b) Variationof the remanentmagnetizatiorM,. with the normalized
magnetizatioM , /M for theCorg.3Fey.7ShisB1o sampleandwith thefrequeng f of the

driving field. Otherconditionsof the measurementerethe sameasthosefor the results
shawvnin Fig. 5.a.

Theenepgy lossesassociatedvith themotionof DWs canbedividedin differentways.
The enengy loss, which would be obtainedby addingthe lossesassociatedvith individ-
ual DW jumps, representshe histeresidosswhich shouldnot dependon the frequeny
of the magnetizindfield [12]. However, if onetakesinto accountthe compleity of the
realdomainstructurewithin thesampleijt is clearthatthe motionof DWsis not mutually
independenand,therefore the total lossis not a simplesumof the elementarjossesas-
sociatedwith theindividualjumps[12,19]. Theappearancef theeddycurrentswithin the
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samplecauseghe occurrencef thefrequeng-dependeneénegy lossescalleddynamical
lossesThe dynamicallossesassociatedvith the classicaleddycurrents(occurringin the
regions of homogeneoumagnetizationpre proportionalto the frequeng, £ ~ f [12].

The lossesassociateavith the superpositiorof the eddy currentsin the vicinity of DWs
(“excess”eddycurrentsiarehigherthantheclassicabnes put they increasesloverwith f

(Eex ~ f® wherez < 1) [12]. SinceweobtainedH, ~ f%° andE ~ f°- (Figs.2and3),

it follows thatthroughouthe exploredfrequeng rangethe lossesassociatedavith excess
eddycurrentsdominatethe dynamicallossesin our CoFeSiBsample.This conclusionis

consistentvith otherresultsfor theamorphouderromagneticibbons[12,20,21].

The datashown in Fig. 4 demonstrat¢hat H. and E decreas@n increasinghe am-
plitude of the dynamicH,,, irrespectve of their actualorigin (staticor dynamiclosses).
Namely in the absencef H,,, the variationsof H, and E with f for our sample(Figs. 2
and3) arewell describedy thefollowing expressions:

H,=(1.140.4-f°%)A/m, (2)

and
E=(4+12-7°% J/m®. (3)

Fromthe expressiong2) and(3), we canestimatethe staticcoercie field H.g; (i.€. Heo
for f — 0) = 1.1 A/m, andthe staticenegy loss(f — 0) percycle E, = 4 J/n?. These
resultsandthedatain Figs.2 and3 shav thatH,, decreaseoththestaticandthedynamic
contritutionsto H, andE. In particular the decreasef the coerciefield (AH,) andloss
(AE) for Hpp = 22 A/m (Figs. 2 and3) is AH, ~ 2 Aim andAE = 6 J/n?. Since
AH. > Hys andAE > E;, it is clearthat H,, decreaseboth the staticanddynamic
contritutionsto H, andloss.

We notethatthe decreasem H, and E with H, arenot dueto somechangeof the
intrinsic propertiesof thesampleg(suchasthechangean the strengthof thepinningcentres
within the sample).Insteadof that, the field H,, simply helpsthe magnetizindield X to
move the domainwalls acrosghe pinning centresn particular for H, whichis suitably
synchronizedvith H [8], oneneeddower field H to shift someDW which is reflected
in the M-H loop aslower H, and E. Becausef this, the slopeof H, vs. Hpg variation
(Fig. 4) doesnot dependon frequeng of the driving field H. This slopedependn the
angle< § > only aspredictedby themodelandEq. (1). Also, athighervaluesof H,, H,
and E may take on negative values.We notethatthe corecurrenttransfersconsiderable
electromagnetienegy into the sample.Accordingly, theresult E < 0 mayindicatethat
partof this enepy is transferrednto the enegy of the magnetidield.

4. Conclusion
Detailedstudiesof the dynamic M-H loopshave shavn thatthe magnetizatiorpro-
cessesn amorphousCoFeSiBribbon mainly involve the shifts of DWs belongingto the

main (inner) domainstructure.The main contrikution to the dynamicalenegy loss E is
dueto the “excess”’eddy currentswhich arisein the vicinity of DWs (H, ~ %% and
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E ~ f%3 Figs.2 and3). The M-H measurements the presencef thealternatingcore
currentshow thatthe dynamicsurfacefield H, decreaseboth H, and E, irrespectve of
their actualorigin (staticor dynamic). This shaws that the desiredchangesn the M-H
loops of the amorphougerromagnetiaibbonscan be achiesed over a broadfrequeny
rangewhich may be useful for their applications.Furthermore our datashawv that the
variationof H, with f andH,, for CoFeSiBsamplecanbe describedoy the following
expression:

H.=H,;+ Af0'5 - Hpo tan < >, (4)

where H ., is the coercie field of the static M -H loop, and A is the coeficient which
dependon the internal propertiesof the sample(suchasthe structure pinning centres,
domainstructure,etc.), and on the rangeof the maximummagnetizationd,,, [12]. (A
similar expressioncanbe constructedor E(f, Hpo).) Therelation(4) canbe graphically
representeds 3D-surface (Fia. 6). Such a renresentatiors
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Fig. 6. Variationof the coerciefield H, for theCoyg.3Fey.7Sii5B1o Samplewith the sur
facefield amplitudeH,,, generatedy thealternatingcorecurrent) andwith thefrequengy
f of thedriving field (Eq. (4) in text).

useful sinceit allows the predictionof the behaiour of the samplefor a given set of
parameters$f, H,) andmay alsoallow the predictionof the resultsof the investigations
on somesimilar materials.Clearly, the predictionof the behaiour of the systemunder

different(working) conditionsis importantfor its applications.
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UTJECAJIDINAMI CKIH POVRSINSKIH POLA NA KOERCITIVNO POLJEI
GUBITKE ENERGIJEU AMORFNOJVRPCI Corg.3Fe; 7SisB1o

Gubitke enegije E po jednom ciklusu te koercitivno polje H. prowavali smo anal-
izom M-H krivulja dobivenih u razli€itim uvjetima magnetiziranjaamorfne vrpce
Coy9.3Fe1.7Sii5B1o. PrimjenommodelazautjecajpovrSinskihpolja H, naprocesemag-
netiziranjaamorfnihferomagnetskitvrpci proucavali smoutjecajdinamitckih H, na E i
H,.. Pokazujese dataj utjecajne ovisi o porijeklu H.. i E (stattki ili dinamicki) stoje
vaznactinjenicakako zadaljnjeistrazivanjetako i zaprimjenuovakvih materijala.
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