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Comparison of the electron-spin-resonance linewidth in multilayered CuMn
spin glasses with insulating versus conducting interlayers
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Department of Physics and Astronomy and Center for Fundamental Materials Research, Michigan State
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The temperature-dependent electron-spin-resonance linewidth AH(T) may be used to investigate
the effect of the geometry and interlayer material on the magnetic properties of multilayered
systems. We compare AH(T) in CuMn/Al,O; multilayers with previous measurements of CuMn/Cu
samples. CuMn/Al,O, samples with CuMn thicknesses, W, from 40 A to 20 000 A obey the same
form as the CuMn/Cu system, but show quantitative differences in the fitting parameters. The
linewidths of the CuMn/ALO; samples, even in the bulk, are systematically larger than the
linewidths for the CuMn/Cu samples, suggesting that the ESR linewidth is sensitive to differences
in sample growth and structure. The value of the minimum linewidth decreases with decreasing Wgg
in the CuMn/Al,O; series, but remains constant in the CuMn/Cu series. Although susceptibility
measurements of the freezing temperature T do not differentiate between samples with Wgq=>35000
A, the ESR linewidth is sensitive to changes at larger length scales. This experiment emphasizes the
importance of considering both the total sample thickness, as defined by the range of the conduction
electrons, and the spin-glass layer thickness in analyzing the ESR linewidth in multilayers.

@

INTRODUCTION

Finite-size and dimensionality effects in multilayered
spin glasses have been shown to depend on the interlayer
material, especially when the spin-glass layer thickness Wy
becomes small.!~* We have previously demonstrated that the
temperature-dependent electron-spin-resonance linewidth in
multilayered CuMn/Cu systems™®* provides detailed informa-
tion about spin relaxation rates. In this article, we compare T—T;\ "% )
the temperature dependence of the electron-spin-resonance AH(T)=A+BT+C (—'T—") . (2
linewidth AH(T) in Cuyg,Mn;e/Al,O; multilayers with — ‘
previous measurements of the CuyygsMny 7/Cu system. In Eq. (2), A is the residual linewidth, B the thermal broad-
ening coefficient, C the divergence strength, and « a critical
exponent. The A +BT behavior reflects the relative. magni-
tudes of relaxation rates between the localized moments,
conduction electrons, and lattice.'%! In particular, the ther-
mal broadening coefficient B can be modeled to include ef-

ing interlayers. Solid lines show fits to Eq. (1) with »=1.3
for CuMn/Cu samples' and v=1.6 for CuMn/AlL,O4
samples.® The depression of T in CuMn/Al,0; multilayers
is similar to that observed in CuMn/$i.?

Above Ty, AH(T) in spin glasses is described by a su-
perposition of two behaviors—a linear temperature depen-
dence and a critical divergence as T’y is approached.

DATA AND ANALYSIS

Cug9aMng g5/ ALO; samples, with 40 A<W <20 000

, were fabricated at the Johns Hopkins University using dc
and rf sputtering. Cugg3Mny7/Cu samples were fabricated
by dc sputtering at Michigan State University. In both cases,
the interlayer thicknesses are held constant at values large

enough (75 A for ALLO, and 300 A for Cu) to prevent cou- 1.0tk
pling between the CuMn layers.

The depression of the spin-glass freezing temperature, 0.8+
Ty, with decreasing Wgq is described in terms of ¢, with ®

o Tf(w}“TfF"Vgc_i)_)‘ W g o8f

Ty(>=) E o4l

Ty(=) is the freezing temperature of the bulk. Finite-size [
scaling predicts® €% Wgd”. A crossover from three- 021
dimensional (3D) to two-dimensional (2D) behavior has S
been demonstrated by frequency dependent’ and nonlinear o'(iol 102 103 104

susceptibility measurements.>® Figure 1 compares the de- LIHEY

pression of T{(Wgg)/T {()=1— € for insulating and conduct-

FIG. 1. Thie depression of the freezing temperature, T'/{ W), normalized to
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B206, Building 220, Gaithersburg, MD 20899,

J. Appl. Phys. 75 (10}, 15 May 1994

0021-8979/94/75(10)/6489/3/$6.00

the bulk value, T/{®) as a function of log;(Wss) for CuMn/ALO; (tri-
angles) and CuMn/Cu {(circles). Solid lines are fits to finite-size scaling.
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FIG. 2. Dependence of the ESR linewidth in CuMn/Al,O; on temperature
for CuMn layer thicknesses of 20 000 A (circles), 115 A (squares), and 40 A
(triangles). Solid lines represent fits to Bq. (2). '

fects due to interfaces and surfaces.* The linewidth diverges
as T is approached, with x~1.5 in the bulk.?

Previous measurements™ of AH(T) in the CuMn/Cu
system shows that the behavior described by Eq. (2) is
obeyed for 10 A<Wg=<10 000 A, with systematic changes
in the parameters as a function of Wgg. Samples with
Wsg<about 50 A fit preferentially to a two-dimensional
form (T;—0) of Eq. (2). The data may be parametrized* in
terms of €, with both A and B increasing linearly with e. The
crossover of the critical behavior from the 3D to 2D limit can
be described by a continuous function of e The detailed
information obtained from this study indicates that ESR is
useful for studying the dependence of AH(T) on interlayer
material.

Figure 2 shows AH(T) for a 20 000-A CuMn film, and
multilayered CuMn/AlL,O; samples with Wgg=115 A and 40
A. The solid lines represent fits to Eq. (2), with the fitting
parameters shown in Table 1. The sample with Wgz=40 A
fits preferentially to the T;=0 form, with the exponent from
this fit shown in parenthesis in Table 1.2

With the exception of the residual linewidth A, which
remains approximately constant, all parameters obey the
same general trends with decreasing W as those from the
CuMn/Cu series. The magnitudes of the thermal broadening
coefficients B are comparable to those observed in the

TABLE 1. Parameters obtained by fitting to Eq. (1).

Wsg (A) T; (K) A(G) B (G/K) C (@) K
Cuy 62Mug /AL O3

20 000 35 296 3.31 561 14

115 25 285 3.32 594 2.6

40 12.5 306 3.38 3601 2.9 (3.8)*
CugsMngg7/Cu

20 000 37 —133 3.31 241 1.40
10 000 37 —43 3.23 184 1.35

*The value in parenthesis for the 40-A sample represents the exponent ob-

tained by fitting to the 2D (7,=0) form of Eq. (1). In this fit, the values of
A and B remain the same and the prefactor of the divergence does not
correspond directly to C. See Ref. 4 for details and the CuMn/Cu data.
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FIG. 3. Comparison of the ESR linewidth as a function of temperature for
the 20 000-A film from the CuMn/ALQ; series (solid circles), and 20 000-&
{open circles) and 10 000-A (open triangles) films from the CuMn/Cu series.
Solid lines are fits to Eq. (2).

CuMn/Cu samples. The values of k, while comparable in the
bulk, are larger in the CuMn/ALO; multilayers, as are the
divergence strengths. Extension of these measurements to a
greater range of W is necessary to determine if the param-
eters follow the same dependence on € as CuMn/Cu.?

Distinct differences between the two sets of samples are
observed. Figure 3 compares the temperature dependence of
AH(T) for 20 000-A films from the CuMn/Cu (Ref. 14) and
the CuMn/ALQ; series. The values of the parameters from
fitting the CuMn/Cu sample to Eq. (1) are also shown in
Table I. The linewidths for the CuMn/Al,O; series are ap-
proximately 500-G larger than those of the corresponding
CuMn/Cu data. The magnitude of the difference in the
linewidths cannot be explained by the concentration differ-
ence, which is less than 1 at. %. Table I shows that the ther-
mal broadening coefficients and values of « are the same for
both 20 000-A samples, but that the residual linewidths and
divergence strengths are different. Comparison of sample-
growth parameters indicates no obvious differences that
might explain these results.

The second significant difference between AlO; and Cu
interlayers is that the CuMn/Al,O; series shows a decrease in
the magnitude of the minimum linewidth with decreasing
Wss. The minimum linewidth of the CuMn/Cu series was
approximately constant for all Wgg 4 In the CuMn/Cu sys-
tem, scattering from CuMn/Cu boundaries is negligible com-
pared to CuMn/air boundaries and we expect surface effects
due to the total sample thickness to dominate. In samples
with insulating interlayers, the electrons are restricted to the
CuMn layers and Wgq should be the dominant length. The
constant values of the minimum linewidth in the CuMn/Cu
series may be the result of all samples having approximately
the same total thickness. This illustrates the need to consider
both the total sample thickness and the spin-glass layer thick-
ness, as the type of interlayer material will determine which
length scale is dominant. Detailed conclusions are prohibited
by the complicated dependence of the value of the minimum
linewidth on the parameters of Eq. (2).

The dependence of AH(T) on the total sample thickness
was studied by Nagashima and Abe'® in Cu;_ Mn, (x=0.01
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and 0.055 at. %) films of thicknesses from 1000 A to 50 000
A. They found an increase in both the minimum value of the
linewidth and in A, the residual linewidth, with decreasing
Wsg- This is attributed to the increased importance of sur-
face scattering relative to bulk scattering as the film thick-
ness decreases. Nagashima and Abe did not investigate the
divergence of the linewidth, so extracting reliable values for
A and B for comparison to the present data is difficult.

The open triangles in Fig. 3 represent AH{T) for a
10 000-A CuMn film from the CuMn/Cu series and are con-

satmnd rerréh hoarcraAd T rvesavde Samn i saun

sistent with the behavior observed uy nagaamlua and Abe,
Parameters from fitting to Eq. (2) are included in Table 1. The
values of « are comparable for the two films, but the diver-
gence strengths C are different. A detailed study of the de-
pendence of these parameters on film thickness is required to
determine the origin of these variances, whether the behavior
is due to finite size or surface effects, and if the approach to
the freezing transition is affected even on this larger length
scale.

CONCLUSION

We have reported measurements of the ESR linewidth as
a function of temperature in multilayered Cugg:Mng 9¢/Al,03
samples with 20 000 A=W ;=40 A. We find that these data
are qualitatively consistent with measurements from
CuMn/Cu multilayers, but quantitatively differ. Differences
between the magnitudes of the linewidths in samples fabri-
cated at different locations suggest that this technique is sen-
sitive to details of sample fabrication, which may include
homogeneity, structure, and purity. The comparison of insu-
lating versus conducting interlayers emphasizes the presence
of two significant length scales—ithe total sample thickness
as determined by the range of the conduction electrons and
the spin-glass layer thickness. Our preliminary examination
of CuMn films confirms that the electron-spin-resonance
linewidth is sensitive to changes in the total thickness in
samples showing no depression in T;. We believe that study
of these parameters as a function of interlayer material can
provide a convenient framework within which to understand
the importance of the different length scales.

Although interpretation of the temperature-dependent
ESR linewidth is complicated, this technique has the poten-
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tial-to. provide detailed information on relaxation processes
not available from other.fypes of measurements. Further ef-
fort must be given to extending the theory of electron-spin
resonance in multilayered structures to fully utilize this tech-
nique.
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