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ABSTRACT

A multilayer, [Ni(100nm)/Fe(100nm)], has been investigated for the structure
and low temperature resistivity. The resistivity increased with increase in
temperature. Theresidual resistivity ratio (RRR) and the temperature coeffi-
cient of resistivity (TCR) were determined. The power law variations of
resistivity with temperature were established. The contributionsto resistiv-
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ity for T above 80K are attributed to be predominant by electron-phonon
and el ectron-magnon scatterings and for below 30K they are ascribed to be
predominant by electron-electron and electron-defect scattering.
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INTRODUCTION

Inthe past few decades, the research on the struc-
tural and electrical properties of magnetic multilayers
hasgained¥. For example, [Ni(86A)/Fe(29A)],, mul-
tilayer was probed for magnetic propertiesasafunc-
tion of depositiontemperaturé?. Anirradiated multi-
layer, [Ni(13A/Fe(33A)],, with swift heavy ionswas
studied for magneto-optic Kerr effect and electrical
resigtivity asafunction of temperature. Theinterface
mixing leading to aloy phaseformation was observed
whenthefilmswereirradiated. Similar studieswere
reported for Si* ion irradiated Fe(28A)/Ni(85A)
multilayers. Power lawsfor theres stivity variation with
temperature were established. Experimental resultson
resgtivity and magnetizationinNi-Fedloy filmsarere-
ported“. The Ni/Febilayersaretechnologicaly very

important becauseof their low resstivity. Inview of the
literatureweembarked on detailed studiesof structure
and low temperature el ectrical propertiesof aNickel/
[ronmultilayer.

EXPERIMENTAL

Themultilayer, [Ni(100nm)/Fe(100nm)], (where
subscript 3 represents number of repesats) hasbeen de-
posited onto aglass substrate at 473K and apressure
of 5x 10° mbar. The Ni and Felayerswere deposited
by evaporating the nickel and iron sourcesfrom two
separate molybdenum cruciblesusing two independent
electron beam guns. Thethickness of thelayerswas
measured with thehe p of quartz crystal thicknessmoni-
tor. Thefilmswereanned ed toroomtemperatured owly
inthe vacuum chambert®,
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Structural investigationswere carried out by graz-
ingincidence X - ray diffraction (GIXRD) studiesusing
Brucker-D8 advance diffractometer with Cu-Ka ra-
diation of 1.5406 A wavelength. The microstructure of
the filmswas probed using Cambridge Instruments
Stereoscan (Model 150) Scanning Electron Micro-
scope. Thelow temperature (4.2K to 300K) resistiv-
ity, p has been measured by adopting four probe method
inan Oxford Instruments makeresistivity setup.

RESULTSAND DISCUSSION

Grazing incidence X-ray diffraction (Gl XRD)
studies

The GIXRD spectrafor 20 between 42°and 48°
for the present film is shown in Figure 1(a) and the
Gaussianfit tothe peak isdepictedin Figure 1(b). The
observed singlesharp peak does not exactly represent
any planeinFeor Ni crystalsand therefore considered
to berepresenting amixed phase (Ni(111)/Fe(110)) of
Feand Ni. Theaveragegrain sizeisestimated using
Scherrer’s formulal®. Theinterplanar spacing, d was
cdculated usingthe Bragg’s relation.

The structurearound the peak has been analyzed.
Thegrainszeandinter-planar spacingweredetermined
to be22.74 nmand 2.0167 A respectively.

Scanning el ectr on microscopy (SEM) studies

Therecorded SEM image of the film shownin
Figure 2 havebeen used for examining the microstruc-
tureof thefilm. The SEM image appear smooth, com-
pact and finein structure which indicatesahigh con-
tent of nanocrystallineparticles.

Resistivity variation with temperature

Thep increased withincreasing temperatures. The
p varied between 0.480 pQm and 0.823 pQmfor the
temperature rangefrom 5K to 300K. Theroom tem-
perature (300K) p isgreater by an order of magnitude
than the bulk p values of the two components (Ni ~
0.072 uQm and Fe ~ 0.09 uQm). The larger p mea-
suredfor thisfilm can bedueto intermixing of layersat
theinterface'® and thiswasa so evident from GIXRD
results.

Thetemperature coefficient of resistivity isdeter-
minedtobe1.732x 10° K4, Thepositive TCR points
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Figurel: (a) GIXRD spectrafor thefilm and (b) spectra
around the peak position. The solid linein Figure (b) isa
Gaussian fit tothe peak.
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Figure3: Redgtivity, p versustemperature, T plotsof (a) 5K
to 30K, (b) 30K to 80K and (c) 80K to 300K . Thecontinuous
curvespassing through thedata arethenon-linear fits.

tothemetdlicnatureof thefilm. Theresidua resstivity
ratio, RRRis1.71. Thesmall RRR valueobservedin
thisfilmscan beattributed to enhanced el ectron-el ec-
tron, interfacial, grain boundary etc., scatteringg® 1.
Variation of p with T reved ed that thereexist three
different power laws for the measured temperature

range. Hence, theexpressions, p(T) = p(0) + a,T*for
T = 30K, p(T) = p(0)+a,T"for 30K = T = 80K
and p(T) = p(0)+a,T "for 80K = T = 300K, were

fittothedata Here, p(0) istheresdua resigtivity which
istakento beequal tothemeasured valueat 5K inall

thefilms. By nonlinear curvefitting, thecoefficients a,
a, and a, and exponentsk, m and n weredetermined.
Thefit parametersthusobtained are a, = 0.284 pQ m

K* a,=1.282uQmK™, a, =3.556 uQ m K", k =
5.03, m=2.82and n=1.22. Thefit curvesareshown
inFigure3(aC).

In the temperature range, 80K = T = 300K the
coefficient, nisobtained to be dightly more than unity
which reveal sthe predominance of electron-phonon
scattering. In Fe/Ni multilayer™®, theresigtivity wasfound
tovary as T*#for thetemperaturerange from 80K to
300K and thiswas attributed to additional electron-
magnon (s-d) scattering, where s electrons were ex-
pected to scatter by magnonsinto d band holes. Inthe
temperaturerange, 30K =T = 80K, theexponent, mis
found tobe2.82 and that agreeswithamagneticlayer™
and deviates from White and Woods va ue of 3.3 for
bulk Fe*¥l. For the temperature, T = 30K, the expo-
nent, kisfoundtobe5.03. Thisresult pointsout thatin
thisrange of temperature mgjor contributionsarefrom
electron-electron and € ectron-defects (whichincludes
impurity) scatterings.

CONCLUSIONS

The structure and grain size of a multilayer
[Ni(100nm)/Fe(100nm)], havebeeninvestigated. Elec-
trical resstivity inthetemperaturerangefrom4.2K to
300K has been measured. Resistivity increased with
increasing temperature. The power lawvsfor theresis-
tivity variaionwithtemperaturewereestablished. Based
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ontheexponent valuesobtained, itisconcluded that in
thisfilm, electron-electron and el ectron-defect scatter-
ingsare predominant below 30K and, € ectron-phonon
and d ectron-magnon scatteringsare predomi nant above
80K.
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