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It has been found recently that the magnetic surface anisotropy K in Fe, B;o/Ag multilayer
films decreases monotonically with magnetic layer thickness (2L) for 2L <16.5 A. In

order to determine possible effects of the spacer material on the surface anisotropy in the
aforementioned system, Ag has been replaced with Al;O; and ferromagnetic resonance
(FMR) measurements have been made on these films. These FeqyB;y/Al,0; films were
fabricated by magnetron sputtering and were characterized by x-ray-diffraction and vibrating
sample magnetometer (VSM) measurements in addition to FMR. In the region where

K, depends upon 2L, the data is insufficient to confirm the thickness dependence of K that
was observed in Fe,gB;3/Ag, while in the region where K is independent of 2L, the

values of K deduced for Fe;;B;5/Ag and Fe,gB;,/AL,0, are in good agreement. The latter is
particularly interesting in light of the enormous difference in conductivity between Ag

and A.120 3.

We recently reported! the observation of a thickness-
dependent magnetic surface anisotropy constant K in
amorphous Fe,qB3o/Ag multilayer films. When the Fe,(B4
layer thickness 2L was greater. than 16.5 A a constant
value of 0.34 erg/cmz was observed, while for 2L < 16,5 A,
the value of K, was observed to decrease monotonically.
This led us to speculate that the magnetic surface anisot-
ropy mechanism may be different in amorphous Fe;oB
than in crystalline materials where such a dramatic thick-
ness dependence of K has not been observed. Experiments
and theoretical investigations have shown*** that a-partic-
ular crystal surface may possess a different surface anisot-
ropy constant depending upon what material is used to
cover or support it. It is interesting, therefore, to change
the spacer material in our Fe,;B,, multilayer films and
determine whether this affects the magnetic surface anisot-
ropy constant as in crystalline materials. We have chosen
Al,O;, an insulator, as an alternative to Ag as a spacer
layer. The very low conductivity of Al,O; allows maxi-
mum contrast with Ag and also partially alleviates the
limitation placed on the total thickness of our multilayers
by the skin effect during microwave absorption experi-
ments. It is also expected that Al,O, will offer excellent
protection for the Fe,oBy, against oxidation. »

The Fe;oB;o/Al,O; films were fabricated by magnetron
sputtering, the Fe,,B, being dc sputtered while the AL,O,

was rf sputtered. The pressure in the chamber prior to.

sputtering was in the range 4-14 X 10~ 7 Torr, with an
argon pressure of 4 X 10~ 3 Torr being used for the actual
sputtering. The films were deposited onto Kapton and
glass substrates at room temperature. The substrate holder
and shutter were computer controlled and were prepro-
grammed for each sputtering run. The number of bilayers
deposited varied between 20 and 100 for the different runs
and in each case the sputtering rate of the Fe;B;, was
monitored with a crystal oscillator that was calibrated by
making surface profilometer measurements on a specially
grown thick Fe,gBag film. The Al,O; layer was made iden-
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tically in all the runs while the Fe,;B,, thickness 2L was
varied. .

Low-angle x-ray-diffraction measurements were made
on the multilayers deposited on glass. The spectra are
shown in Fig. 1 and suggest a good periodic layer structure
in all the samples. The spectrum for which 2L = 16.3 A is
not as clean as the others and suggests some small variation
of the bilayer period through the sample. It can be seen
that in each spectrum there is an envelope that determines
the relative intensity of different order peaks. The shape of
the envelope, which is characteristic of a single bilayer,
depends upon the thicknesses of the Fe;,Bsyy and ALO;
layers and their respective scattering factors. By measuring
the separation of successive peaks in a spectrum §(260), one
may determine the bilayer period of the sample with the
formula d = A/28(20), where A = 1.5406 A is the wave-
length of the x rays. Since the Al,O; thickness was the
same for all these samples, by plotting the bilayer period
against the crystal oscillator value of 2L and measuring the
intercept and slope, one can check the value of the Al,O;
thickness (20 A) and the calibration of 2L. High-angle
x-ray diffraction confirmed that both the Fe,yB;, and the
ALO; were indeed amorphous.

Vibrating sample magnetometer (VSM) measure-
ments were made at room temperature on the samples de-
posited on Kapton subsirates. The thicknesses studied
were again 2L = 2.6, 6.3, 16.3, 20.9, 54.2, and 106 A. From
Fig. 2(a) it can be seen that even with the maximum
available field of 14 kOe applied in the plane of the sam-
ple, it was impossible to saturate the 2.6- and 6.3-A
samples. The other four samples did saturate, however,
and the room-temperature saturation magnetization was
determined to be 793, 1121, 1018, and 1061 emu/cm’
for the 2L = 16.3-, 20.4-, 54.2-, and 106-A samples, re-
spectively. In Ref. | the analytical form M (T = 300
K) =[1054 — 1194 (1/2L)] emu/cm® for 2L>6.8 A
and M(T=300 K) =[942 — 434X (1/2)L] emu/cm’ for
2L < 6.8 A was determined for Fe;yB,,/Ag. It can be seen
that our measured values for Fe;,B1g/Al,0;5 all lie within
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2L=18.34
W FIG. 1. Low-angle x-ray-

- diffraction spectra of Fe,B3o/
‘ ’ RL=8.34 Al1,0; multilayer samples.
2L=2.64
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20% of those determined for Fe;B;y/Ag. The discrepancy
can be accounted for by a large experimental error result-
ing from, first, the difficulty in determining the volume of
the samples and, second, the small moments (of the order
of 1073 emu) of the samples. Magnetization curves with
the magnetic field applied perpendicular to the plane of the
sample are shown in Fig. 2(b). Again the 2L = 2.6~ and
6.3-A samples cannot be saturated but the 2L = 16.3- and
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FIG. 2. VSM magnetization curves of Fe;uB;0/Al;0; samples. The ap-v

plied magnetic field is parallel to the film plane in (a) and perpendicular
to the film plane in (b). The values of the magnetic layer thickness in (b)
are the same as those indicated in (a).
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FIG. 3. Dependence of the
magnetic-resonance field on
the reciprocal of the magnetic
layer thickness 2L. The ap-
plied magnetic field is parallel
to the film plane in (a) and
(c) and perpendicular to the
film plane in (b). The solid
lines were calculated for the
Fe,oByo/Ag system.
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20.9-A samples do exhibit a clear saturation or “knee”
field, Hypees less than 14 kOe. We may write
Hypee =47M — (4K/M)(1/2L). Using the analytical
form for M from Ref. 1, we calculate K, = 0.32 and 0.31
erg/cm? for 2L = 16.3 and 20.9 A, respectively. Both these
values are within 10% of the value of 0.34 erg/cm? deter-
mined for Fe,,B;,/Ag.! The curves for the 2L = 56.4- and
106-A samples are more rounded, saturation being barely
achieved with the maximum applied field. An accurate
value of K cannot be determine for these samples.
 Ferromagnetic resonance (FMR) measurements were
performed on the samples deposited on the Kapton sub-
strates at 9.52 GHz with the applied field both parallel and
perpendicular to the plane of the sample and at 23.9 GHz
with the applied field in the plane of the sample. The res-
onance fields are plotted as a function of 1/2L in Fig. 3.
The solid curves are the best fit curves for the Fe,zBs;p/Ag
system.' These were calculated from the theory of Zhang
and Rado® and assume analytical forms for M (T = 300
K) and X, as a function of 2L.! It can be seen that they
agree well with the Fe,,Bs,/AlL,0; data for 2L > 10 A. For
2L <10 A, the linewidths of the resonances become very
large and both the parallel and perpendicular resonance
fields converge towards w/y, where @ is the circular fre-
quency and y = 18.38 MHz/Qe. If we were to calculate
K for these resonance fields we would obtain values that
decrease monotonically with 2L. However, when we recall
that in the VSM study it was impossible to saturate the
samples for which 2L < 10 A, it seems likely that the mag-
netic layers in these films are not completely continuous for
2L <10 A although the low-angle x-ray data suggests that
there is still a clear periodic composition modulation. That
is, the FeB3, must still reside in well-defined planes, but
need not occupy the entire area of each plane. We must
stress that this is in marked contrast to Fe;oB;o/Ag where
linewidths remained small' and saturation was always
achieved® for even the smallest values of 2L. Of course, if
the magnetic layers are not continuous and the infinite
thin-film geometry is lost then X cannot be determined.
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In summary, we have fabricated Fe;,B;0/AlL, O, multi-
layer films with magnetic layer thicknesses in the range 2.6
A <2L <106 A. For 2L < 10 A the magnetic layers appear
not to be continuous and so the behavior of K cannot be
determined there. For 2L > 10 A, both VSM and FMR
experiments are consistent with the values of M and K|
determined for the Fe;,B;,/Ag system. For the region 10
A<2L <165 A the data is insufficient to confirm the
thickness dependence of K that was observed previously.'
However for 2L>16.5 A a constant value of K,=0.34

erg/cm? accounts well for FMR measurements on both the.

FesoB3p/Al,O5 and FeygByp/Ag systems. In light of the
vast difference in conductivity between the two spacer ma-
terials and the fact that they appear to affect the growth of
continuous Fe,;,B;, layers differently, this is somewhat sur-
prising. Neither this insensitivity of K to the spacer mate-
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rial nor the strong thickness dependence of K found in
Feq0B30/Ag have been found in crystalline materials. This
again suggests that the surface anisotropy mechanism in
amorphous and crystalline materials may indeed be of a
different nature.
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