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The magnetotransport properties of giant magnetoresistive Co/Cu multilayers are studied with the magne-
torefractive effect: a noncontact technique, which uses infrared electromagnetic radiation. Four Co/Cu samples
were analyzed with the structuresCo15.5 Å/Cuxd25 which exhibit magnetoresistance values from 1.9 to 65 %.
The magnetorefractive curves were modeled using the complex dielectric function as derived by Jacquet and
Valet [J. C. Jacquet and T. Valet,Magnetic Ultrathin Films, Multilayer and Surfaces, edited by E. Marinero
(Materials Research Society, Pittsburgh, 1995)]. The shape and magnitude of the curves were found to be very
sensitive to the interface scattering lifetime. This classical model is successful in simulating the long wave-
length behavior, but is not able to reproduce the correct shape or sign at short wavelengths where the band
structure of the materials becomes important. The good agreement at long wavelengths between electrical
magnetotransport measurements and the noncontact magnetorefractive effect demonstrates the possibilities of
using infrared reflection spectroscopy for the characterization of giant magnetoresistive systems.
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I. INTRODUCTION

Important advances in magnetism such as the discovery of
oscillatory exchange coupling in metallic multilayers and the
exchange bias effect in FM/AFM bilayers have triggered the
rapid development of a class of materials and devices pre-
senting magnetotransport phenomena. The key property of
these materials is the reduction of their electrical resistivity
when a magnetic field is applied. The most common method
of measuring magnetoresistance involves passing an electri-
cal current through the sample via a four point probe.
However, this is not always convenient since electrical
measurements often result in surface damage or sample con-
tamination and they are not generally suitable forin situ
experiments. Jaquet and Valet1 (hereafter referred to as JV)
proposed and demonstrated an alternative noncontact method
for the measurement of magnetotransport effects using elec-
tromagnetic radiation. The method is based on the magne-
torefractive effect(MRE).1 The MRE is the variation of the
refractive index(via the dielectric function) of a material due
to a change in its conductivity at infrared(IR) frequencies
when a magnetic field is applied. The MRE is useful in mag-
netoresistive materials because at those wavelengths the op-
tical transport properties in metals depend mainly on the
electron transitions within the conduction band(i.e., the in-
traband transitions). This is in contrast to the magneto-optic,
Faraday, and nonlinear effects in the visible light regime
where the interband transitions dominate the response.2,3 A
direct measure of the changes in the dielectric properties of a
material can be performed by determining its reflection/
transmission coefficients. Hence, infrared transmission/
reflection spectroscopy as a function of the applied magnetic
field can provide a direct tool for probing the spin-dependent
conductivity in giant magnetoresistive(GMR), tunnel mag-

netoresistive(TMR), and colossal magnetoresistive(CMR)
materials. Since its discovery in 1995,1 the MRE has been
successfully used to study a wide variety of MR materials
such as trilayers4 granular systems CoxAg1−x,

5,6

sCoFedxsAl2O3d1−x,
7,8 manganite nanocomposites,9 commer-

cial spin valves10,11 and LaSrMnO perovskites.12

In this paper we measure the MRE of Co/Cu, a previ-
ously uninvestigated multilayer system characterized by
variation of antiferromagnetic coupling with Cu layer thick-
ness, and demonstrate its correlation with conventional mag-
netotransport measurements. In addition to adding to the lim-
ited range of investigations of MRE on multilayers, the paper
widens the insights of JV in a number of ways. Measure-
ments are made in reflection, the most likely mode for prac-
tical remote sensing of GMR, in contrast to the transmission
experiments on multilayers presented by JV, and the wave-
length range is extended to confirm the change of sign of the
reflection MRE in the near infrared. A simple theoretical
model of the spin dependent complex dielectric function
based on the original JV approach is used to simulate the
MRE demonstrating the strong sensitivity of the wavelength
dependence profile to material parameters. Finally, the re-
sults are compared to a fundamental theory of the relation
between MRE and GMR emphasizing the effects of spin-
dependent superlattice band structure on the phenomena.13

II. EXPERIMENTAL PROCEDURE

A set of four Co/Cu multilayers with different Cu thick-
ness were prepared by dc magnetron sputtering at The Uni-
versity of Leeds. The base pressure was 20 nTorr and the
samples were deposited on Si substrates 340 microns thick.
A Cr seed layer was deposited at room temperature in a weak
bias field of approximately 200 Oe, which introduces a very
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small in-plane anisotropy. The structure of the Co/Cu multi-
layers was Cr105 Å/ fsCo15.5 Å/Cuxdg25, where x was varied
from 7.5 to 16.7 Å in order to vary the interlayer exchange
coupling from ferromagnetic to antiferromagnetic and hence
vary the GMR. Sample details and experimental results are
presented in Table I.

All measurements were carried out at room temperature.
Magnetic measurements were made using a vibrating sample
magnetometer and electrical magnetotransport measurements
were made with the dc current inplane(CIP) using a four-
point in-line probe with a 1 mA applied current parallel to
the applied magnetic field, maximum value of ±9 kOe. Nu-
merical evaluation of the GMR effect was obtained using the
relation

GMRs%d =
rsHd − rsHmaxd

rsHmaxd
3 100, s1d

where rsHd is the resistance of the sample in an applied
magnetic fieldsHd andrsHmaxd is the resistance in the maxi-
mum applied magnetic field, in this case ±9 kOe.

III. EXPERIMENTAL RESULTS

The experimental GMR for all the samples was symmet-
ric in an applied field. The maximum values varied from 1.9
to 65 % depending on the Cu layer thickness and are pre-
sented in Table I and Fig. 1. Sample A exhibits behavior
typical of strong antiferromagnetic coupling with a slow ap-
proach to saturation in an applied field of ±9 kOe and no
hysteresis. Samples B and C are ferromagnetically coupled
with rapid magnetic switching, a high remanent magnetisa-
tion and very low GMR. Sample D is intermediate between
these extremes.

MRE measurements were performed using a Nicolet Fou-
rier Transform IR reflection spectrometer with 0.25mm reso-
lution and a liquid nitrogen-cooled HgCdTe detector. Room-
temperature IR spectra were collected between 2.5 and
20 mm in zero magnetic field and in a magnetic field of
±13 kOe perpendicular to the plane of incidence. Both ex-
perimental and theoretical MRE studies show that
p-polarized infrared radiation gives a larger MRE effect,
therefore the MRE spectra were obtained inp-polarized light
using a KRS-5 grid polarizer, for an incidence angle set at
u=75° ±20 with respect to the surface normal. The MRE

infrared reflection spectra for a specific applied field show
the percentage change in the reflection of IR light due to the
application of the magnetic field. Experimental MRE spectra
obtained in a saturating 13 kOe applied magnetic field and
calculated according to Eq.(2) are shown as a function of
wavelength in Fig. 2:

MREs%d =
0.5sS3 + S1d − S2

S2
3 100, s2d

whereS1, S2, andS3 are three consecutive spectra;S1 andS3
are taken in zero applied field andS2 is the spectrum ac-
quired in an applied magnetic field.S1 andS3 are averaged in
order to take into account any variations in the background,
which change linearly with time such as thermal drift.

IV. EXPERIMENTAL DISCUSSION

The MRE spectra for the Co/Cu multilayers show a simi-
lar shape to those observed in CoAg granular GMR films.5,6

They have a broad positive peak in the MRE at short wave-
lengths followed by a crossover into a reduced reflection
region resulting in negative MRE at longer wavelengths.
This increase in the reflectivity in an applied field is consis-
tent with the increase in electrical conductivity resulting

TABLE I. Summary of the Co/Cu multilayer samples with their structural, magnetic, and current-in-plane
(CIP) magnetotransport parameters.

Sample code A B C D

tCu (Å) 7.5 10 16 16.7

Total thickness(Å) 679 742 893 911

Crs105 Åd / hCos15.5 Åd / tCuj325

m0=sM /MsdH=0 0.1 0.95 0.96 0.78

Experimental(CIP) GMR (%) 65 2.8 1.9 10.8

Experimentals−MREd (%) measured at 20mm 5.4 0.2 0.25 0.6

FIG. 1. (Color online) Experimental CIP GMR data of Co/Cu
samples.
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from the magnetically induced modification of the scattering
of the Drude-like free electrons. It is immediately clear that
sample A with the largest GMR also exhibits the largest
MRE. In addition, the wavelength at which the crossover
from positive to negative MRE occurs increases with in-
creasingtCu. In order to make a comparison between the
MRE and GMR, the MRE at a wavelength of 20mm is used.
This is usually around the lowest point of the spectrum and
far away from the short wavelength region where interband
transitions are important. However, the precise choice of the
wave-length changes only the absolute value of the MRE
leaving the excellent correlation with the GMR intact. In Fig.
3, MRE values are presented along with the GMR values of
Table I as a function of the Cu layer thicknesstCu.

Figure 3 demonstrates the highly correlation degree be-
tween the electrically measured GMR and the optically mea-
sured MRE. The GMR is an entirely electrical measurement
in which direct electrical conductivity measurements are
made while the MRE is an IR technique for determining the

change in the optical conductivity due to the application of a
magnetic field, which in turn affects the reflectivity of the
sample. The correlation factor between the two measure-
ments varies as a function of the sample spin-independent
resistivity, the incidence angle and the precise wavelength at
which MRE is measured.6 In the comparison presented in
Table I and Fig. 3, the wavelength is precisely defined while
the angle of incidence may vary slightly from sample to
sample. Also the spin-independent resistivity does vary sig-
nificantly between the samples and this influences the corre-
lation factor even in the Hagen-Rubens limit.6

V. SIMULATIONS

A theoretical effective medium model has been developed
in order to simulate the MRE spectra of GMR materials. The
overall thickness of the Co/Cu layers is significantly greater
than the attenuation length of the radiation, so that the Cr
underlayer is not sampled. On the other hand, the individual
Co/Cu layer thicknesses are much less than the attenuation
length. It is therefore plausible to treat the Co/Cu layers
structure as an effective medium with scattering parameters
and effective dielectric function obtained by averaging the
material characteristics appropriately. The objective of the
simulation with this simple model is not to make a perfect fit
to the MRE data but to give guidance in using the observed
correlation between GMR and MRE data. The model uses
the modified complex Drude dielectric function as intro-
duced by Jacquet and Valet1

«sv,md = «r + i«a = «st + Svp

v
D2 ivtsal

1 − ivtsal

3 S1 +
m2bsal

2

s1 − ivtsald2 − m2bsal
2D , s3d

where« is the complex dielectric function of the material,«st
is the frequency-independent contribution to the dielectric
function which is 1 in the Drude model and 3.5 in the modi-
fied Drude model,vp is the quasi-free-electron plasma fre-
quency,v is the angular frequency of the incident light,«a
and «r are the imaginary and real parts of the complex di-
electric function, respectively, andm=M /Ms is the normal-
ized magnetization that takes into account the reduced mag-
netic alignment of the magnetic layers below magnetic
saturation. The self-averaged relaxation timetsal and spin
asymmetrybsal will be discussed in more detail below. This
formula differs slightly from that of JV in using the more
common relation between the frequency-dependent conduc-
tivity ssvd and the dc conductivitys0 (Refs. 14 and 15)
ssvd=s0/ s1−ivtd rather than a plus sign in the denomina-
tor. There are no differences in the predictions of the simu-
lation and they are consistent with the alternative formalism
of Granovskii.7 The dielectric function describing samples in
zero applied magnetic field has the same form as Eq.(3)
except thatm is replaced bym0=sM /MsdH=0, which is the
remanent normalized magnetization and can have values
from 0 to 1. Them0 values were extracted from the experi-
mental hysteresis curves after separating out the contribution
to the hysteresis from domain rotation(see Table I). tsal

−1 is

FIG. 2. (Color online) Experimental MRE spectra inp-polarized
IR light of all four Co/Cu samples measured in a saturating mag-
netic field of +13 kOe.

FIG. 3. (Color online) Correlation between experimental GMR
data at 9 kOe and experimental MRE values measured at 20mm in
a 13 kOe applied magnetic field, represented as a function of the Cu
thickness.
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the average scattering rate in the self-averaging limit,16,17

defined as the scattering rate averaged over a period equal to
the bilayer period in the multilayer:

tsal
−1 =

1

L
E 1

tszd
dz, s4d

whereL is the length of the sample in thez direction.bsal is
the average spin asymmetry constant also obtained in the
self-average limit(SAL) formalism as derived in Ref. 1 and
defined as

tsal
↑↓ =

tsal

1 ± bsalm
, s5d

wheretsal
↑↓ represents the average spin-dependent scattering

rate for up-spin and down-spin, respectively, andtsal
−1

=stsal
↑−1+tsal

↓−1d /2. In order to evaluatetsal and bsal, the
spin-independent scattering time in the ferromagnet is de-
fined ast f, the spin-independent scattering time in the non-
magnetic layers astn, and the spin-independent scattering
time at the interface asti. Assuming that the two types of
carriers(spin-up and spin-down) can suffer spin dependent
scattering at both the interface and in bulk, then the spin-
dependent scattering times at the interface and in the bulk are
defined in a similar way to Eq.(5) and as in Ref. 18:

t f
↑↓ =

t f

1 ± bm
, s6d

ti
↑↓ =

ti

1 ± gm
, s7d

whereb is the spin asymmetry coefficient of the bulk ferro-
magnetic layers andg is the spin asymmetry coefficient of
the interfacial layer. Defined at saturation magnetizationsm
=1d, both parametersb and g represent a measure of the
degree of spin-dependent scattering due to the magnetic po-
larization. It is also assumed that there is no spin-dependent
scattering in the nonmagnetic Cu layers.b andg were intro-
duced by Valet and Fert in order to model the spin-dependent
scattering in GMR multilayers in the framework of the inde-
pendent spin-up↑ and spin-down↓ current channels.18 b and
g can have fractional values between 0 to 1 and they are
usually obtained by fitting the theoretical relations with ex-
perimental GMR/MRE data. A value ofb=0 means that
there is spin dependence from interface scattering only, while
a value ofg=0 means that the system exhibits spin depen-

dence from bulk scattering only. By performing the integra-
tion in Eq. (4) for both spin-up and spin-down, and using
Eqs.(5)–(7), the following equations are obtained fortsal and
bsal:

1

tsal
=

ci

ti
+

cf

t f
+

1 − ci − cf

tn
, s8d

bsal= tsal3 Sg
ci

ti
+ b

cf

t f
D , s9d

wherecf, cn, andci are the volume fractions of ferromagnetic
material, nonmagnetic material, and the interfacial region,
respectivelyscf +cn+ci =1d. Parameter values that give rea-
sonable fits to the MRE are given in Table II. Their physical
significance will be discussed later in this section.

Assuming a single reflection of the infrared radiation at
the air/effective medium interface, the infrared reflectivityR
of the metallic GMR sample can be modeled by using the
Fresnel equations derived fors andp polarized light:

Rs,p = urs,pu2, s10d

wherers,p are the Fresnel reflection coefficients fors and p
polarized light, respectively. As mentioned in Sec. II we have
performed both the experiments and the simulations for
p-polarized IR light, for which we have derived the theoret-
ical relation for the reflectivity of a GMR sample in an ap-
plied magnetic field as

RpsHd = RsHd = U cosu«sv,md − Î«sv,md − sin2 u

cosu«sv,md + Î«sv,md − sin2 u
U2

s11d

which in this case is also a saturating magnetic fieldsm=1d.
The theoretical relation for the reflectivity of a GMR sample
in zero applied magnetic field is

Rps0d = Rs0d = U cosu«sv,m0d − Î«sv,m0d − sin2 u

cosu«sv,m0d + Î«sv,m0d − sin2 u
U2

,

s12d

where«sv ,md and«sv ,m0d are given by relation(3) andu is
the incident angle. This is a more convenient form of the
Fresnel coefficients for metallic systems than the more usual
representation in terms ofn and k.19 The theoretical MRE
was then computed in the same way as for the experimental
definition of the MRE[Eq. (2)] and using the relations(11)

TABLE II. Summary of the simulation parameters.

Sample code A B C D

Volume fraction of Co/Cu interfaceCi 0.49 0.44 0.35 0.34

Volume fraction of Co ferromagnetCf 0.46 0.41 0.33 0.32

Volume fraction of non magnetic Cu, Cn 0.05 0.15 0.32 0.34

Average spin asymmetry constantbsal 0.77 0.76 0.74 0.73

Average scattering timetsal310−15 s−1 3.2 3.5 4.2 4.3

−MRE (%) at 20mm from simulation of MREsld 5.4 0.56 0.36 1.6
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and (12) combined with the Drude modified dielectric func-
tion (3):

MREs%d =
Rs0d − RsHd

RsHd
3 100, s13d

whereRs0d is given by Eq.(12) and RsHd is given by Eq.
(11). The infrared wavelength was varied between
2 to 20mm and the angle of incidence kept constant atu
=75° as in the experiments. Simulations of the magnetore-
fractive effect for the Co/Cu multilayer samples are pre-
sented as a function of the wavelength in Figs. 4 and 5.

In setting appropriate parameters for simulating the MRE
it is useful to distinguish those that are characteristic of the
Co/Cu system in general, i.e., approximately constant for all
samples, and parameters such as thickness andm0 that vary
significantly from sample to sample. In this simple two chan-
nel model the latter values define the interlayer coupling and
mainly control the differences in the GMR of different
samples. However, the materials parameters influence both
tsal andbsal which affect both the magnitude and the shape of
the MRE. This is illustrated in Fig. 4 where the MRE profile

is predicted for a range oftsal andbsal values assuming satu-
ration sm=1d with the field on andm0=0 in the absence of a
field. Plausible valuesvp=1.4931016 s−1 and «st=3.5 are
used. The magnitude of the effect increases steadily with
increasingbsal as expected[Fig. 4(a)], but both the shape and
the magnitude of the profile are strongly influenced bytsal
[Fig. 4(b)]. In the regimevtsal!1 the curve tends towards
DR/R~l−1/2 (the Hagen-Rubens regime),4,6 but for largetsal
this does not set in till largel. In all casesDR/R tends
towards zero asl→0, i.e., whenvtsal@1. This result can be
understood analytically: in the absence of a field, the normal
reflectivity R varies asR=1−2/vplsal so thatDR/R~lsal

−1

in the absence of a field(see Ziman20). Sincelsal
−1 is inde-

pendent of spin, the MRE vanishes in that limit. The shape of
the MRE vsl curve is very strongly dependent ontsal with a
sharp minimum at lowtsal s6310−16 sd, a broad minimum
with a sharp drop to zero at intermediatetsal s3310−15 sd
and the much reduced scale of the effect at larger
tsal s10−14 sd.

bsal andtsal are dependent on a balance of spin-dependent
and spin-independent processes. In simulating the experi-
mental results the following parameters were chosen:vp
=1.4331016 s−1 corresponding to an average ofn=6.5
31028 m−3 electronic concentration,t f =tCo=1.2310−14 s,
tn=tCu=2.5310−14 s, and ti =0.18310−14 s. The spin
asymmetry coefficients in the bulksb=0.6d and at the inter-
face sg=0.8d are consistent with the values reported in lit-
erature for Co/Cu multilayers.18,21 As the dominant spin-
dependent scattering is likely to take place at the interface
rather than in bulk, this was expressed by takingti ,t f. The
interface region is assumed to be 5.6 Å(approximately two
atomic layers) so that layer thicknesses are small and the
importance of interface spin-dependent scattering is
reinforced.22 The above parameters combine with thickness
data (Table I) to determinetsal and bsal. The shape of the
MRE curve is very sensitive to the value ofti as amplified
above. Shorter values produce a pronounced minimum of the
MRE at short wavelengths inconsistent with the experimen-

FIG. 4. (Color online) Simulation of(a) MRE vs wavelength at
constanttsal=4310−15 s for different values ofbsal and (b) MRE
vs wavelength at constantbsal=0.5 and different values oftsal.

FIG. 5. (Color online) Theoretical simulation of the MRE spec-
tra in a saturating applied field.
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tal data. Increasing the value ofti reduces the MRE magni-
tude to values well below those found experimentally.

The main difference between the samples was the thick-
ness of the Cu interlayers leading to different interlayer ex-
change coupling related tom0 as well as different interface
volume fractions. A combination of high spin-dependent
scattering at the interfacesg→1d and strong antiferromag-
netic couplingsm0→0d gives the highest GMR and MRE
values for sample A, while weak antiferromagnetic coupling
sm0→1d gives a lower GMR/MRE in the sample B and C
(see the valuesm0 in Table I). Sample D represents an inter-
mediate case. The simulations successfully reproduce the
general shape of the wavelength dependence of the MRE for
all samples at other than short wavelengths(see Figs. 2 and
5) with a plausible but not necessarily definitive set of pa-
rameters. A good quantitative comparison is obtained for the
high MRE/GMR sample A in the medium to high wave-
length region. At low MRE/GMR the comparison is ex-
tremely sensitive tom0 asm0 approaches unity. Furthermore
at low magnetoresistance other magnetoresistive mecha-
nisms(not accounted for in the GMR model) may be impor-
tant and so quantitative correlation is less precise.

The effective medium approximation may have its limita-
tions in simulating the magnitude of the effect and the size of
the MRE effect is also highly sensitive to geometry at high
angles of incidence. In addition, the shape of the spectra at
short wavelengths is not well represented by this Drude
model and fails to produce the cross-over of the MRE from
positive to negative values. The JV model is formulated in
terms of Drude-like spin-dependent scattering rates and has
to be compared with more sophisticated descriptions of the
GMR process, for example, as discussed by Tsymbal and
Pettifor.23 Recently, Baxteret al.13 have adapted a GMR
theory involving an orthogonal tight binding(TB) approxi-
mation to calculate the MRE of the Co/Cu system investi-
gated here. The tight binding parameters take the form of on
site energy levels and hopping integrals of Slater-Koster
form. The spin-dependent band structures of the multilayer
systems investigated here are calculated using Co and Cu
band parameters fitted toab initio band structures of the
elemental metals with CouCu bond values taken as the
geometric mean of those for CouCo and CuuCu. The
optical conductivity is then calculated using the Kubo-
Greenwood formula. Scattering rates do not appear explicitly
within the formalism, but both intraband and interband exci-
tations are included: the parameters used are in no sense
fitted to the MRE. These first principle calculations show that
interband transitions start to become very important below a
wavelength of about 3mm (Ref. 13) and it is therefore ex-
pected that a classical Drude modified model will breakdown
as the wavelength is reduced. When the conductivity is de-
composed into competing contributions from intraband
(Drude-like) and interband effects a change of the sign in the
MRE at short wavelengths may occur as in the data pre-
sented here(see Fig. 2), emphasizing the need for a full
energy band input into model of the MRE.13 Interband con-
tributions are not as important at long wavelengths where
Hagen-Rubens-like behavior is reproduced, but they have the
effect of modifying the effective Drude parameters in a JV
style model.

Measurement of a full magnetotransport profile, using
MRE as a function of the applied magnetic field and wave-
length, is time consuming and inconvenient for practical ap-
plications. A solution to this problem would be the imple-
mentation of a fixed wavelength IR reflection experiment by
using, for example, an IR CO2 laser or other medium to long
wavelength source. The experiment could be performed effi-
ciently by directly recording the changes in the reflected IR
beam as a function of the applied magnetic field, which is
varied between a maximum value and zero. Initial theoretical
studies of MRE at fixed wavelength confirm that the MRE
follows the same profile as the GMR with respect to the
applied field(see Figs. 6 and 7). The simulated MRE profile
as a function of the applied field is directly obtained by ap-
plying the relation(13) except that in relations(3), (11), and
(12) the wavelength is now kept constant andm is varied as
a function of the applied magnetic field. Them values were
taken directly from the experimental normalized magnetic
hysteresis loops. It has previously been shown6 that the cor-
relation between the GMR and the MRE should be most

FIG. 6. (Color online) Simulation for sample AstCu=7.5 Åd of
the MRE at fixed wavelengths20 mmd as a function of the applied
field.

FIG. 7. (Color online) Simulation for sample DstCu=16.7 Åd of
the MRE at fixed wavelengths20 mmd as a function of the applied
field.
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direct at long wavelengths, i.e., in the Hagen-Rubens limit
when vtsal!1. Consequently the Drude model should be
capable of reproducing the maximum values of the MRE
measured at long wavelengths and predicting the variation of
the MRE as a function of the applied field. We have simu-
lated the MRE profile as a function of the applied magnetic
field at a constant wavelength ofl=20 mm using the same
simulation parameters as those given earlier in this section.
The simulated MRE as a function of the applied magnetic
field was then directly compared with the experimental GMR
data, showing an excellent correlation for the full range of
the applied magnetic field(Figs. 6 and 7).

Note that the correlation between GMR and MRE is in-
sensitive to the precise choice of wavelength except for the
value of the constant of proportionality. This makes the MRE
a robust technique for the measurement of GMR profiles.
These graphs together with Fig. 3 clearly show the possibil-
ity of performing noncontact magnetotransport measure-
ments on magnetoresistive samples by measuring the varia-
tion of their infrared reflected intensity at fixedl when a
magnetic field is applied.

VI. CONCLUSIONS

The magnetotransport properties of giant magnetoresis-
tive Co/Cu multilayers have been studied using the magne-

torefractive effect. A direct correlation between the experi-
mental MRE in the mid to far infrared regime and the
electrically measured GMR was observed. The shape and
magnitude of the experimental MRE curves were modeled
using the complex dielectric function as derived by Jacquet
and Valet.1 This classical model was successful in simulating
the long wavelength behavior and the variation of the MRE
as a function of the applied field with plausible materials
parameters. The shape of the MRE curves was found to be
very sensitive to the value ofti, the interface scattering life-
time. However the model is not able to fully reproduce the
shape of the spectra at short wavelengths demonstrating the
need for a theoretical approach capable of incorporating the
band structure of the multilayers. The excellent empirical
correlation between the simulated MRE at 20mm and the
electrical GMR as a function of magnetic field(Figs. 6 and
7), coupled with the correlation between the maximum MRE
and GMR values(Fig. 3), demonstrate the potential of using
the MRE to perform fastin situ noncontact magnetotransport
measurements, especially at fixed infrared wavelength.
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