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MAGNETO-OPTICAL KERR SPECTRA FOR AMORPHOUS RE-Co ALLOY FILMS
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The magneto-optical Kerr spectra(a=250~700nm) of amorphous RE-Co(RE=Ce, Nd, Pr, Gd, Tb, Er,
Ho) are compared with those of Y-Co films. It has been found that the Kerr rotation of RE-Co is mainly
due to Co in the long wavelength region, whereas at short wavelength Ce, Pr, Nd, and Gd contribute
positively, and Tb, Ho, and Er contribute negatively to the Kerr rotation of RE-Co amorphous films, In
the interesting energy region(1.5~5.0 eV), the magneto-optical contribution of Pr and Nd are thought to
be related with 4f t — 5d t interband transition, and the contribution of Ce and Gd might be concerned
with d— p interband transition. The magneto-optical effect of Tb in the short wavelength region might
be related with 4f | —5d | and /or 5d | — 4f |, and that of Ho and Er can be explained by 4f | —5d |

magneto-optical interband transition,

I. INTRODUCTION

Amorphous rare earth-transition metal (RE-TM)
alloy films have been used quite successfully as
magneto-optical (MO) recording medium[1, 2].
MO effects of these materials, however are still
relatively low for wide application such as vedio
recording with high quality [3]. It is well known
that transition metals play a major role in MO co-
efficients in these alloys, but early studies showed
that rare earth such as Gd or Tb plays only minor
role in determining the MO effects at least in vis-
ible part of the spectruml[4,5]. However, as dis-
cussed in the previous report, Gd[6] and Nd[7]
contribute significantly to the MO effects of Gd-
TM and Nd-TM alloys in the short wavelength re-
gion. In order to enhance the MQ effects of RE
-TM alloys, it is important to investigate the MO
behavior of rare earth elements in these amorphous
alloys.

In this report, the wavelength dependence of the
Kerr rotations for amorphous RE-Co (RE=Ce, Nd,
Pr, Gd, Tb, Er, Ho) alloy films is studied. Fu-
thermore the magneto-optical Kerr rotations of ra-
re earth elemants in amorphous state are evaluated

by comparing the Kerr rotation spectra of RE-Co
with those of Y-Co, and their origins are estimated
using the model of the magneto-optical interband
transition described in the previous report [7, 8].

II. EXPERIMENTAL

Amorphous RE,Co;-x and Y, Co,.x (x=0.02~0.
48) alloy films were prepared by means of dual
source e-beam evaporation onto quartz substrates,
The vacuum system is evacuated to a pressure of 3
X 1077 Torr before film deposition, and the back
ground pressure during evaporation is 5~8 x 10”7
Torr. The total deposition rate is typically 1.5 A /
sec, and the deposited films are about 1000 A
thick. Before being exposed to air, films are
passivated with SiO of GOO—AfthiCkness.

The magnetic measurements were made by a
VSM with an applied magnetic field parallel and
perpendicular to the film plane. The polar Kerr ro-
tation angle has been measured from the substrate
side at room temperature using an automatic null
type kerr spectrometer with an applied field of 13
KOe. The Faraday rotation of the substrate is
subtracted from the measured value, Sample com
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position was determined by EPMA and film thick-
ness was obtained by the mechanical step techn-
ique. The amorphous state was checked by conv-
entional X-ray diffraction measurements.

. RESULTS AND DISCUSSION

The compositional dependece of the saturation
magnetization (M,) at room temperature is shown
in Fig. 1 for various RE-Co and Y-Co films. In Gd-
Co and Tb-Co films, the magnetic compensation
occurs at almost the same RE content of 22 at. %,
and the compensation composition of Ho-Co film at
room temperature was 27 at. % of Ho. In case of
Er-Co, the apparent magnetic compensation com-
position is not seen in Fig. 1, in spite that Er is one
of the members of heavy rare earth elements and
this phenomenon is also seen in other literature
[9]. The compositional dependence of light RE-Co
and Y-Co shows almost the same trend in respect
that M, is simply decreasing with increasing light
RE or Y content.
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Fig. 1 Compositional dependence of saturation mag-
netization{M.) at room temperature for RE-Co films.

Fig. 2 shows the compositional dependence of
absolute value of the Kerr rotation(#x) measured
at room temperature using He-Ne laser, and it is
noted that all the RE-Co films between 12 and 29
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at. % of RE show almost the same tendency. This
fact suggests that the Kerr rotation at the wave-
length of 633 nm is mainly determined by Co

subnetwork.
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Fig. 2 Magneto-optical Kerr rotation(gx) at the
wavelength of 633 nm for amorphous RE-Co and Y-
Co alloy films as a function of Re and Y content.

In Fig. 3, the Kerr rotation spectra for RE-Co
and Y-Co are shown in the wavelengh range from
250 to 700 nm. Most of the films shown in this fig-
ure have almost the same Co content of about 80
at, 2. It is noted that in the short wavelength re-
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Fig. 3 Magneto-optical Kerr rotation (gx) spectra for
amorphous RE-Co and Y-Co alloy films whose Co
content is 77~81 at. %.
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gion the Kerr rotation shows much difference de-
pending on the species of RE in contrast to that in
the long wavelength region. The shape of the Kerr
spectra of Gd.9Cos and Cex Corg is very similar
to that of Y.19Cos in respect of the monotonous
decrease of Kerr rotation with decreasing wave-
length. The Kerr spectra of Tb-Co, Ho-Co and
Er-Co decrease with decreasing wavelength more
rapidly than that of Y-Co in the short wavelengh
region, whereas those of Nd-Co and Pr-Co inc-
rease with decreasing wavelength and show a peak
at about 300 nm.

Assuming that the Kerr rotation of Y-Co totally
come from Co subnetwork and the 3d electron
state of Co in RE-Co is quite similar to that of Y-
Co [8, 10], the magneto-optical Kerr spectra of
amorphous RE subnetwork #x (RE.) is estimated
by the following equation and shown in Fig, 4.
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Fig. 4 Magneto-optical Kerr rotation(#x) spectra
contributed by RE subnetwork in amorphous RE-Co
films at room temperature.

It is noted from Fig. 4 that the magnitude of RE
contribution in the high energy region is signifi-
cantly larger than those of low energy region. The
negative Kerr rotation means the additive conri-
bution to that of Co subnetwork and positive sign

=27} 83 A Volume 4, Number 2, June 1994

is subtractive to Co, since the sign of the MO ef-
fect of Co is treated as negative in the interesting
energy region, It is already discussed in previous
reports that the large MO effects of Nd and Gd in
the high energy region are originated from the f—
d and p—~d MO interband transition, respectively
[6, 71. The origins of MO effect can be attributed
to Ce, Pr, Tb, Ho and Er on the basis that the
Kerr rotation spectra are closely related with the
joint-density-of-states which is presumed from
the XPS and BIS data for RE elements reported
by Lang et al[11], on reference to the model de-
scribed in previous reports [7,8].

In case of Ce, the trivalent Ce ion has one 4f
electron below Fermi energy level. According to
the XPS and BIS for Ce shown in Fig. 5(a), one
electron and six holes of 4f up-spin(4ft) are
thought to be distributed at about 2 eV below and
4 eV above the Fermi level, respectively. If we as-
sume that 5d band of most of RE is located around
the Fermi level, then 4ft—5dt and 5dt—4f1
interband transition are possible in the interesting
energy region. According to these interband trans-
itions, the Kerr spectra of Ce is supposed to show
a broad peak at around 2 eV or 4 eV. But these
peaks are not seen in the Kerr rotation spectra for
Ce in Fig. 4. This is understandable considering
that highly polarized 4f band of Ce is so close to
the Fermi level that some of Ce atom has no mag-
netic moment, and also the Ce-TM exchange inter-
action is too weak and the single ion anisotropy is
too strong to align the magnetic moment of Ce
atom at the room temperature [12]. The Kerr spec-
trum of Ce in Ce-Co film has a resemblance to that
of Gd as seen from Fig. 4, and therefore might be
closely related with p— d interband transition.

The trivalent Pr ion has two 4ft electrons be-
low the Fermi level. The locations of 4ft are
assumed to be 3. 3 eV below for filled band and 2
eV above the Fermi level for vacant band, respect-
ively as from the XPS and BIS for Pr shown in
Fig. 5(b). In Pr, 4ft—-5dt and /or 5dt—4f1t
interband transitions are thought to be possible in
the interesting energy region, and the significantly
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large MO effects are expected at about 4 eV by 4
ft—=5dt and 2 eV by 5d t —4f 1 interband tran-
sition. However, any large MO effects are not seen
around 2 eV in Kerr rotation spectrum of Pr in Fig.
4. Therefore the origin of MO effect of Pr in
amorphous Pr-Co alloys is thought to be 4f t—5
d 1t transition and this is just the same case as that
of Nd[7].
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Fig. 5 XPS and BIS data for (a) Ce, (b) Pr, (c) Th.
(d) Ho and (e) Er [11].

The trivalent Tb ion has eight 4f electrons below
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Fermi level. The distributions of these 4f electrons
are divided into two groups, that is, seven up-spin
group and the one down-spin group. As seen from
XPS and BIS data for Tb in Fig. 5(c), seven
up-spin electrons and one down-spin electron seem
to be located at about 7 eV and 2.3 eV below Fermi
level, respectively, and 4f down-spin holes are
thought to be distributed around 2.8 eV above the
Fermi level. If we assume that 5d band is located
near the Fermi level, considerably large MO ef-
fects are expected at about 2~3 eV in the
interesting energy region for 4fl—5d{ and/or
5d | —~4f| transitions, but the measured Kerr
spectrum of Tb shown in Fig. 4 shifted to the
higher energy region than that estimated from
Lang et al’s data[11]. This might be due to the
fact that, as shown in the Connell’s data of XPS
and BIS for amorphous Th-Fe alloy [13], 4f states
of electrons and holes of Tb are located farther
from the Fermi level than those reported by Lang
et al[11].

The trivalent Ho ion has ten 4f electrons below
the Fermi level. Seven electrons are up-spins and
other three electrons are down-spins. According to
the XPS and BIS data for Ho shown in Fig. 5(d),
it is noted in the interesting energy region that the
filled and the vacant 4f | band are located at 5 eV
below and 2 eV above the Fermi level, respect-
ively. If we assume that 5d band is located near
the Fermi level, the MO effects are expected at 5
eV for 4f} —=5d | and 2 eV for 5d | —4f | interb-
and transition. The peak position of the Kerr ro-
tation spectra for Ho in Fig. 4 might therefore be
due to the 4f | —=5d | interband transition.

Finally, in case of Er, the trivalent Er ion has
eleven 4f electrons below the Fermi level. Seven
electrons are up-spins and other four electrons are
down-spins. XPS and BIS data for Er shown in
Fig. 5(e) are very similar to those of Ho, and 4f
down-spin electrons and holes are thought to be
located at about 4.8 eV below and 2.2 eV above the
Fermi level, respectively. The magneto-optical ef-
fects of Er in the interesting energy region is
assumed to be related to the interband transition
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between the 4f down band and 5d band which is
located near the Fermi level as the case for other
rare earths, The large magneto-optical effects of
Er are expected at about 5 eV for 4f | —5d | and
at about 3 eV for 5d | = 4f | interband transition,
The Kerr rotation spectra for Er shown in Fig. 4
can be explained by 4f} —5d ! magneto-optical
interband transition,

IV. CONCLUSION

The Kerr rotations for RE, Co1-x(0.19¢x<0.23)
in the short wavelength region exhibit much differ-
ent values depending on the kind of RE elements
in contrast to those in the long wavelength region,
These differences in the short wavelength region
is thought to be related with the magneto-optical
effects of RE elements,

Comparing the Kerr rotation spectra for RE-Co
with that for Y-Co, it is found that Ce, Pr, Nd and
Gd contribute additively, but Ho and Er contribute
subtractively to the Kerr rotation of Co in amorph-
ous RE-Co alloy films in the energy region from 2
to 5 eV. In case of Th, its magneto-optical effect is
additive in the lower energy region than 3.5 eV but
subtractive in the higher region than 3.5 eV to
that of Co. In the interesting energy region, the
magneto-optical contribution of Pr and Nd are
thought to be related with 4ft—5d 1t interband
transition, and the contribution of Ce and Gd
might be concerned with d—p interband tran-
sition. The positive magneto-optical effect of Tb
in the high energy region might be related with 4

g32}7]4 3} 2] Volume 4, Number 2, June 1994

fl—5d{ and/or 5d { —+4f!, and that of Er and
Ho can be explained by 4fl—5d{ magneto-op-
tical interband transition,
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