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Abstract. Ellipsometry and polar magneto-optical Kerr effect measurements were per-
formed on Fe, 15Ta8, in the photon energy region 0.6-5 eV. The complex dielectric tensor
was calculated from the measured data. Strong anisotropy was foundin the diagonal elements
of the dielectric tensor. Strong absorption bands at 1.6 and 3.8V for light polarized
perpendicular to the c-axis were attributed to transitions between Ta 5d bands. In the off-
diagonal element of the dielectric tensor five transitions with diamagnetic line shapes were
observed. These transitions are between Fe 3d and Ta 5d states, The large magneto-optical
contribution results from the large exchange splitting of the Fe 3d states combined with the
large spin-orbit splitting of Ta 5d states.

1. Introduction

2H-Ta8,; is a layer compound consisting of hexagonal close-packed layers of Ta and
S. In this way S-Ta-S sandwiches are formed in which Ta has a trigonal-prismatic
coordination by S. In the sandwiches the chemical bonding is predominantly covalent,
while the sandwiches are bonded to each other only by weak Van der Waals’ interactions.
This results in a compound with strongly anisotropic properties. The eiectrical resistivity,
for example, is low (metallic) in the layers, while the resistivity perpendicular to the
layers is much larger.

In the Van der Waals’ gap between the sandwiches of 2H-TaS§; a variety of atoms
can be intercalated, including the 3d transition metals V, Cr, Mn, Fe, Co and Ni. The
axis perpendicular to the layers (c-axis) is elongated as a result of the intercalation.
The 3d atoms in the intercalated compound have a trigonally distorted octahedral
coordination of S atoms. These 3d transition-metal intercalation compounds of TaS,
have been studied extensively in the past (Parkin and Beal 1980, Parkin and Friend
1980a, b).

The magnetic moments in the 3d transition-metal intercalation compounds of Ta$,
order ferromagnetically or antiferromagnetically at temperatures below 30~130 K, dep-
ending on the 3d metal. All the 3d intercalation compounds of TaS, except the Fe
compound have an easy axis of magnetization parallel to the layers. The exceptional
behaviour of the Fe compound is caused by a non-zero angular momentum of the Fe?*
ions in the trigonally distorted octahedral coordination (Parkin and Friend 1980a).
Because of the trigonal symmetry at the Fe site this momentum is directed perpendicular
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to the layers. The spin angular momentum is coupled to the orbital angular momentum
by spin—orbit interaction and is also directed perpendicular to the layers. This property
makes the Fe intercalation compound interesting for a study of the polar magneto-
optical Kerr effect. In the polar geometry of the magneto-optical Kerr effect the sample
is magnetized perpendicular to the surface, while there is normal incidence of the light
beam on the reflecting surface.

The electronic structure of TaS, intercalation compounds is usually discussed in
terms of the rigid-band model (Parkin and Beal 1980). More recently the band structure
of 2H-Ta§, and Fe, sTaS, was calculated by Dijkstra et al (1989). These calculations
show that important deviations from the rigid-band model occur. In both the host
material 2H-Ta$, and the intercalated compound there is a Ta 5d,z near the Fermilevel
that is split-off from the other unoccupied Ta 5d bands at higher energies. For the host
material 2H-TaS, the Ta 5d,2 band is half filled. During intercalation charge is trans-
ferred from the 3d atom to the Ta 5d,: band, resulting in a shift of the Fermi level to
higher energies.

The Fe 3d bands are almost completely spin polarized. The Fe 3d bands for the
majority spin electrons lie completely below the Fermi energy. In the density of states
a crystal splitting of the Fe 3d bands arising from the trigonally distorted octahedral
coordination of Fe is clearly observed. The Fe 3d bands for minority spin electrons lie
almost completely above the Fermi level and also show the crystal-field splitting. There
are a small number of spin-down electrons in this band. As a result the Fe atoms have
an electronic configuration (3d)**, and a local magnetic moment of 3.6uy per Fe atom.
There is also a small spin polarization of the Ta 5d and S 3p electrons, contributing a
magnetic moment of 0.75¢g per Fe atom (+0.10x5 on each Ta, +0.075u; on each §).

Measurements of the electrical transport properties of Fe,;TaS, were reported in
the literature (Parkin and Friend 1980b, Dijkstra et al 1989). The observed positive Hal)
effect is in agreement with the expected conductivity by holes in the Ta 5d,2 band. The
abserved value of the Hall coefficient also confirms the chaxge transfer from Feto Tain
the intercalated compound.

In this paper we report on the optical and magneto-optical properties of Feg 53 TaS,.
Insection 2 some optical theory is briefly reviewed. Insection 3 the experimental method
is described and in section 4 the results of these experiments are presented. The results
are discussed in section 5.

2. Theory

The propagation of light in a uniaxial {(non-magnetic) crystal is described by a diagonal
tensor with elements ¢,, = €,, and £,,, where z is the principal optical axis of the crystal.
All the tensor elements are complex: £5 = £ — €j.

For isotropic materials the three diagonal elements are all equal, and can be easily
determined by ellipsometry (Azzam and Bashara 1987). For a uniaxial crystal the tensor
elements can also be determined by ellipsometry, but a more complicated procedure is
needed to derive the tensor elements from the measurements (Castelijns er af 1975). In
this case measurements at two well chosen angles of incidence are needed to determine
all the diagonal tensor elements.

Once the complex dielectric constants €., and £,, are known, we can calculate the
energy loss function

Epg = 5”/(5'2 + 5"2)- (1)
For a comparison with the band structure calculations the function F = (Aw)2%” is an
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important quantity. If one assumes constant matrix elemeants for the optical transitions,
the function Fis equal to the joint density of states (JDOS), which can be obtained from
band structure calculations. The joint density of states is defined as

mos=A43 f SLE (k) — Es(k) — heo| dv(k) @)
i,f

where i and f denote initial (occupied) and final (unoccupied) electron states, k is the
wavevector and A is a constant.

When considering the optical absorption of light by solids we can distinguish con-
tributions from intraband and interband transitions (Hummel 1971). The dielectric
constant can be written as

‘ >

P
£y =1— :
d o? - iow,

Ne'f;
gom{w? — w? + T} + 2iwl})’

: (3)
!
The intraband transitions (second term on right-hand side of equation (3)) are
characterized by the plasma energy #iw, and the relaxation time for scattering 7, with
w, = 1/7. The contribution of the interband transitions can be described crudely by a
sum of Lorentz-type terms (last term in equation (3)). The width at half maximum is
- 2T;, the average oscillator strength of all transitions of type f is f;. The number of electrons
involved is N, and z,is the vacnum dielectric constant.

In a magnetic uniaxial crystal with the magnetization oriented parallel to the unique
optical axis (z-axis), the non-diagonal elements g,, of the dielectric tensor determine the
magneto- optica} properties such as the magneto-optical Kerr effect (Freiser 1968). The
value of g, is usually small compared with the values of the diagonal elements of £, and
can be neglected in the ellipsometry determination of the optical constants.

The polar Kerr rotation, J, and the ellipticity, e, are related to the tensor elements
by the relation

19]; ieg = Exy/[g (1 - Ex.r)] (4)

(conventions for the sign of the parameters for left- and right-hand circularly polarized
light are those according to Azzam and Bashara (1987)). The contribution of interband
transitions to the magneto-optical effects is given by (Kahn et al 1969):

Ne(fe — D) (w - iI‘,,)'

=i "
w v 2meg{ow} — w? + T+ 20l )\ o

(3)

£

For a particular type of interband transition, &, the average transition energy is #w, the
parameter I'y, is a measure of the range of energies over which the transitions of type &
occur. The oscillator strength for left- and right-hand circularly polarized light are f;
and f}, respectively. For one type of transition &, equation (5) leads to a so-called
paramagnetic line shape for the real and imaginary parts of ¢,, (Kahn et a/ 1969,
Wittekoek et al 1975). If two transitions with slightly different frequencies occur, one
for left-hand and one for right-hand circuiarly polarized light, the result is a so-called
diamagnetic line shape (Kahn er al 1969, Wittekoek et af 1975). In this case the energy
difference Afiw occurs in the equation for £, and the oscillator strengths of the two
transitions for oppositely polarized light are taken to be equal. The magneto-optical
transitions of type & will also contribute to the diagonal part of the dielectric tensor £,
the contribution being of the form indicated in equation (5), with f, = §(fy + f¥).
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3. Experimental method

Feq .3 TaS,; was synthesized by heating together appropriate amounts of the elements at
850 °Cfor ten days. After repowdering the product was heated again for ten days. Single
crystals were grown by jodine vapour transport in a temperature gradient from 950 to
800 °C for 15 days. The cell parameters were determined by means of X-ray powder
diffra~tion to be a=5.763 A and c = 12.227 A. The diffraction pattern showed a
V3 x V3 superstructure indicating ordering of the iron ions between the sandwiches.
Thesample preparedin this way had acomposition Fe, ,sT'a8,, as deduced from chemical
analysis. The sample is ferromagnetic with a measured Curie temperature of 70K and
the magnetic moment of iron is directed perpendicular to the layers. The measured
magnetic moment is 3.86up per Fe atom at 4.2 K (Dijkstra et a/ 1989). The crystals as
grown from the vapour transport are platelets of area 15 % 20 mm? with a thickness of
0.1 mm and have nice shiny faces suitable for optical reflectivity measurements.

Ellipsometry measurements were carried out with the method and the equipment
developed by Castelijns et af (1975), and later improved by Van der Heide er af (1984).
The light scurce was a 150 W xenon lamp, and the monochromator had a resoltution of
5 nm in the region 0.5 to 5.0 eV. Glan~Thomson prisms or Glan prisms were used as
polarizers and analysers depending on the photon energy range. The reflected light
passed through an analyser and the resulting intensity of the light for different analyser
settings was measured with a photomultiplier or PbS cell depending on the photon
energy range. The reproducibility of the polarizer and analyser settings is approximately
0.03°. At a given photon energy and for two polarizer settings at +45° and —45° with
respect to the plane of incidence, the intensity after reflection was measured for eight
analyser settings 45° apart. From the 16 measured intensities four sets of the ellipsometry
parameters tan i and cos A could be calculated. The (real) ellipsometry parameters A
and y are defined in terms of the (complex) amplitude reflectivities r; and r, (for waves
polarized perpendicular and parallel to the plane of incidence, respectively) by the
relation r,/r, = e*tan y. The experimental procedure just described eliminates at least
some of the systematic errors, and makes it possible to estimate the statistical errors of
the measurements (van der Heide et af 1984). Two different ellipsometry measurements
of the reflection from a crystal face perpendicular to the c-axis were carried out at angles
of incidence of 64° and 74° for each photon energy.

The errors in the ellipsometry results are larger than is usually the case for measure-
ments on well polished crystals of good quality. The reason is that the reflecting surfaces
of these layered materials are natural surfaces that cannot be polished. These natural
surfaces are nice and shiny, and reflect light well, but for the thin crystals these surfaces
are not very flat. This leads to variations of the angle of incidence, which can easily be 2
few degrees, and this is the main origin of the large errors in the data. The other errors
in the ellipsometric measurements are much smaller (much less than 1°). ‘

In addition we have also measured the reflection under near normal incidence in the
photon energy range 1.5-5 eV with a simple set-up, using a photomultiplier.

The magneto-optical Kerr effect was measured in the polar configuration. We used
a polarization modulation technique similar to that described by Sato (1981). A 600 W
xenon lamp is used as a light source. The monochromatized light is chopped and
polarized. The polarization state of the light is modulated with a frequency of 50 kHz by
a photoelastic modulator. After reflection from the sample the light is detected by a
photomultiplier (1.5-5 eV) or a Ge photodiode (0.75-1.5 eV). From the intensities of
the DCsignal and the AC signals with frequencies of 50 kHz and 100 kHz the Kerr rotation
and ellipticity can be caiculated (Sato 1981, Feil 1987).
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The measurements were carried out in a cryostat. An unwanted effect of performing
the measurements in the cryostat is the Faraday effect of the windows. Because of the
very high coercivity the Feg 53 TaS, single-crystal sample could not be saturated in a field
of 5T at 4.2 K. Therefore the measurements were carried out at 40 K and the sample
was saturated in a field of 4 T. The remanence was about 85% of the saturation mag-
netization, which is high enough to allow measurements without an applied field, Thus
eliminating the Faraday effect of the windows.

4. Experimental results

In figure 1 we show measurements at room temperature of the normal-incidence
reflectivity of our sample Feg23TaS; (T, = 70 K} and data reported by Parkin and Beal
(1980) for a sample Feg ;3 TaS; (T, = 40 K). The difference between the two curves can
at least in part be ascribed to the different compositions of the two samples.

The output of the ellipsometry experiments are the values of cos A and tan?y for
two angles of incidence ¢ = 64°and ¢ = 74° as a function of photon energy in the region
0.6-5 eV. Values of &,, and ¢,, were obtained by a fitting procedure of calculated curves
of tan®yr and #(1 — cos A) as a function of angle of incidence ¢ to the values obtained
by ellipsometry. The observed value of the normal incidence reflectivity (@ = 0°) was
used as extra input in the fitting procedures. Some typical results are given in figure 2.
The curves a and b clearly show that the values of tan?y and cos A depend strongly on
the angle of incidence @, especially near the Brewster angle.

We note that of the intensity reflectivities R, = |r,|? and R, = jr,|* the values of R, at
angles up to 50° and also the normal-incidence reflectivity are determined mainly by .
In the region ¢ = 60 to 80° R,, contains information about £,,. From the R, and R, curves
at different energies it is seen that in the low-energy region (below 1 eV) the R; curve is
of the metallic type, whereas at higher energies the R curve is of the metallic type and
the R, curve is of the insulator type in the region ¢ = 60-80°. At the pseudoprinciple
angle R, is only a few percent. This anisotropy is most pronounced in cosA at 2.2 eV,
where cosA = —1 at @ = 0° and cos A is still —1 at ¢ = 60°, once more reflecting the
dual character of the material: electrically well conducting in the layers and almost
insulating in the direction normal to the layers (Parkin and Friend 1980b).

Figures 3 and 4 show the values of ¢, and £,,, respectively, as functions of photon
energy. The errors of about 0.1 in &,, and 0.05 in &,, (and somewhat larger errors in the
infrared region near 1 eV) represent the spread in values deduced from measurements
with different polarizer and analyser settings. The results for ,, have been analysed in
terms of a Drude-type contribution for the intraband transitions and two Lorentz-type
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dielectric tensor; obtained from ellipsometry
measurements at 300 K.

contributions for the interband transitions, according to equation (3). The parameters
are given in table 1. The calculated curve for £7, as a function of photon energy shows a
good fit to the experimental values (figure 3). The calculated values for &, are higher
than the experimental values over the whole energy range. We find that ¢,, is of the
metailic type and ¢, is of the insulator type. In figures 5 and 6, respectively. the energy
loss function and the function F (which is proportional to 100s) are shown.
The Kerr rotation and ellipticity as a function of photon energy are given in figure 7.

Rotationsup to0.6°and ellipticitiesup to 0.9° are found. A number of peaks are observed
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Table 1. Parameters used to fit the diagonal part g, at 300 K of the optical data. The values
of f, ate calculated assuming a value of one ¢lectron per formula unit and the free-electron

mass for m.
intraband: fiw, = 2eV, ko, = 0.3eV
interband: haw, (V) i, (eV) ki
1.6 0.8 0.38
3.8 1.9 0.17
1.5 T 12 T
10} a
< F
#1.0p BE
5 <
Sost uk i
2F /_’\_\/_d/V\;\ 3
b E 3
%3 i 7 3 g 05 1 z 3 o 5

Photon erergy {eV)

Figure 5. The energy loss function £, at 300 K.
Curve a for an electric field normal to the ¢-axis,
curve b for an electric field parallel to the ¢-axis.

Photon enargy [eV}

Figure 6. The function Fat 300 K., Curve a for an
electric field normal to the c-axis, curve b for an
electric field parallel to the ¢c-axis.
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Figure 7. The Kerr rotation angle ¥ and Kerr
ellipticity angle g¢ at 40 K.

Photon energy (e¥)

Figure 8. The off-diagonal elements ¢,, = £,, —
i€}, of the dielectric tensor at 40 K, as calculated
from Kerr and ellipsometry data.

in the spectra. For the interpretation in terms of magneto-optical transitions we need to
consider the off-diagonal element ¢,, of the dielectric tensor and not the peaks in the
rotation and ellipticity. The off-diagonal element is calculated from the ellipsometry
and Kerr data. The results are given in figure 8. We have made the assumption that £,
will not vary too much with temperature so that the room temperature ellipsometry
measurements and low-temperature Kerr measurements can be combined to calculate

£y
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5. Piscussion

From the experimental curves in figures 5 and 6 and the ¢, and ¢,, data in figures 3 and
4 we can deduce information about the band structure. The two Lorentz-type transitions
at 1.6 and 3.8 eV provide a reasonable fit for the contribution of interband transitions.
The transition at 3.8 eV has a much larger width than the transition at 1.6 ¢V, These two
interband transitions can also be seen in the function F (figure 6).

The dielectric constant in the low-frequency range describes the behaviour of the
free carriers. The plasma energy 2w, = 2 eV is related to the number of charge carriers
and the effective mass. According to band structure calculations (Dijkstra ¢ a/ 1989)
the electrical conductivity is carried mainly by holes in the partly occupied Ta d,2 band,;
the concentration of these holes is N = 0.14 holes per formula unit Fe, ;;TaS; as deduced
from Hall measurements (Dijkstra ef ol 1989). Substituting this value of N, we deduce
from the value of fiw, = 2 eV a value of m = 0.8m, for the effective mass of the charge
carriers (for the direction perpendicular to the ¢-axis). This is a reasonable value for the
Ta d,» band, which is rather broad. From the values of N, m and w; we calculate for the
D electrical conductivity (for electrical fields perpendicular to the c-axis) ¢, =
Ne?/mw, a value o, = 1.8 x 10° @~ m~! at 300 K. This differs by a factor of 2.2 from
the value 0%, =4 x 10° Q7' m™! at 300 K, obtained directly from resistivity measure-
ments (Dijkstra ef al 1989). The difference between o,, and ¢%, can be explained by the
energy dependence of the relaxation time 1 = 1/e,.

The reflection spectrum of Fey 53 TaS; for £ L cin the region above 1.5 eV is similar
to that of the host compound 2H-Ta8, (Parkin and Beal 1980}. This indicates that the
reflectivity in this region is dominated by transitions between energy bands derived
mainly from Ta and S orbitals, with only minor contributions from Fe orbitals.

Looking at the curve for the energy loss function for an electric ficld parallel to the
c-axis, we find a transition at 1.4 eV and probably weak transitions at 2.6 eV and 3.8 eV,
The absence of strong interband transitions in £;, can be understood by considering the
selection rules for Ta d-d transitions. Electric dipole transitions between d levels are
not allowed in a free atom, but in a crystal of TaS; such transitions become possible
because of strong hybridization of Ta 5d orbitals with orbitals of the ligand S atoms
{Dijkstra et af 1989). Ta in 2H-TaS, and in Fej,3TaS; has a trigonally prismatic coor-
dination of S atoms, which leads to a crystal-field splitting of the Ta 5d levels in the a’,
¢’ and " levels with m1, values of 0, =2 and *+ 1, respectively (Huisman ez af 1971) (m, is
the quantum number for the component of the orbital angular momentum along the ¢-
axis). For an electric field perpendicular to the ¢-axis electric dipole transitions are only
possible from the (partly) occupied a’ level to the unoccupied e” level. For an electric
field parallel to the c-axis no electric dipole transitions between the Ta 5d levels are
possible. Therefore all strong electric dipole transitions between Ta 5d bands are
expected in £, and not in £,,. Indeed the interband transition at 3.8 eV is quite pro-
nounced in the J0os, This transition is probably associated with transitions from Ta 5d
(a’, the 3d,> band) to Ta 5d (e") levels. The calculated band structure indeed shows
unoccupied Ta 5d bands between 2 and 5 eV above the Ta 5d,: band with maxima in the
density of states at 2 and 4 eV (Dijkstra et al 1989). These maxima correspond approxi-
mately to the energies of the Lorentz contributions at 1.6 eV and 3.8 eV. This analysis
indicates that the observed transitions in g,, should be attributed mainly to transitions
of electrons to the unoccupied Ta 5d bands.

The curves for the off-diagonal element £,, as a function of photon energy (figure 8)
show several peaks. We have analysed these results in terms of Lorentz-like con-
tributions as given in equation (5). It was possible to represent the experimental data
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Table 2. Parameters used to fit the off-diagonal part £,, at 40 K of the optical data. The values
of f; are calculated assuming a value of one electron per formula unit and the free-electron

mass for m.

hay (eV) Al (eV) Feser, (101571
1.02 0.25 -1.29

1.68 0.25 0.55

2.41 0.24 -3.87

3.51 0.50 2.42

4.09 0.28 -0.58

quite well with five transitions all with a diamagnetic line shape, at energies 2w, 0f 1.02,
1.68,2.41, 3.5t and 4.09 eV (see figure 9). Only for the first transition is the fit not very
good for £,,,. This indicates that this transition cannot be described by a diamagnetic line
shape, but is actually of mixed character of paramagnetic and diamagnetic line shapes.
The parameters of the fit to the experimental data are given in table 2. For adiamagnetic
transition the assumption is made that the frequency difference between the transitions
for left- and right-handed circularly polarized light is much smaller than the damping
(Aw < T). The width of the magneto-optical transitions is not very large and the effective
oscillator strength, fA(fiw), is quite small. We remark that the energies of these tran-
sitions do not correspond to the characteristic energies of the transitions used to describe
£,,. This indicates that different optical transitions are responsible for the structures in
£y and &,,. Apparently the strong electric dipole transitions seen in &, only have 2
small Kerr effect (small value of fAw), and the magneto-optical transitions seen in g,
contribute little to g, {small f_ + f.).

For magneto-optical effects we need an exchange interaction and a spin—orbit coup-
ling. For the Ta 5d levels a very large spin—orbit splitting is expected. According to the
band structure calculation (Dijkstra e al 1989) the Ta d,z band in Fey»3TaS, is close to
the Fermi level, the other Ta 5d bands lie at energies 2-5 eV above the Fermi level, The
exchange splitting in the Ta 5d bands is quite small, so that we do not expect alarge Kerr
effect from Ta d—d transitions.

For the Fe 3d bands the spin—orbit splitting is much smaller, but the exchange splitting
is quite large, about 3 eV (Dijkstra et al 1989). The Fe 3d spin-up bands lie completely
below the Fermi level while the spin-down band lie almost completely above the Fermi
level. Because of the small spin—orbit splitting for the Fe 3d bands, the energy difference
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for tramsitions induced by left-hand and right-hand circularly polarized light will be
small.

In transitions between the Fe 3d and Ta5d states the combination of the large
exchange splitting of the Fe 3d bands and the large spin—orbit coupling of the Ta 5d
bands can lead to large magneto-optical effects. These transitions are not expected to
have a large total oscillator strength f_ + f,, and the contribution to &,, will be small.
However, the contribution to £,, can be quite large.

The fact that we are dealing with diamagnetic transitions indicate that states with a
small spin—orbit splitting are involved as initial {or final) states. As explained above
these states must be the Fe 3d states. It seems unlikely that the final (or initial) state is
also an Fe 3d state because the Fe d — d {ransitions are forbidden in first approximation
and will be weak. We do not expect Fe 3d — Fe 3d intervalence charge transfer tran-
sitions to be important because of the large Fe-Fe interatomic distance. So the final (or
initial) states have to be Ta 5d states or 8 3p states. Because of the much larger density
of states of Ta 5d than of S 3p in the energy region of interest the contribution of the
Ta 5d states is expected to be larger than the contribution of the 5 3p states. Therefore
we ascribe the strong magneto-optical effects in Fey 23TaS, to transitions from Fe 3d to
Ta 5d states.

Inthe band structure calculation reported for Feg ;3TaS 2 spin—orbit interactions were
not included. Therefore the calculated band structure cannot be used for a detailed
interpretation of the strength of the magneto-optical effects.

4. Conclusions

The dielectric tensor of Fe ;3TaS; was determined by means of ellipsometry and polar
Kerr effect measurements. From the ellipsometry data it can be concluded that
Fe, .5 TaS, has strongly anisotropic optical properties. For a polarization of the light with
the electric field parallel to the layers, the optical properties are those of a metallic
conductor. For a polarization perpendicular to the layers the optical properties are those
of a semiconductor or insulator. This observation is in agreement with the anisotropy of
the electrical conductivity.

The analysis of the ellipsometric data shows the presence of strong, broad optical
absorption bands at about 1.6 and 3.8 eV in Fe 3 TaS,;. These bands are attributed to
transitions between Ta 5d energy bands. The contribution of these transitions to the
magneto-optical properties is small.

The magneto-optical Kerr effect of Feg 53Ta, is quite large, and can be accounted for
by five (diamagnetic) transitions between Fe 3d and Ta 5d states. The strong magneto-
optical effects of these transitions are attributed to the combination of the large exchange
splitting of the Fe 3d states and the large spin-orbit interaction of the Ta 5d states.
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