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Abstract

A series of iron garnet films of composition yu. Bife Ga,0 grown(@00) oriented GGG substrates have been studied
using variable angle spectroscopic ellipsometry and polar Kerr spectroéBtpE). The diagonal and off-diagonal components
of the permittivity tensor have been determined in the range 1-5 eV. Our results seem to be in accordance with previously
reported measurements on similar systems. We find that the optical absorption is reduced as the gallium content is increased.
With increased Ga doping we also see an increase in the real pagtatfove 3.7 eV, but a decrease for lower energies. In the
spectra of the off-diagonal permittivity tensor components we observe bismuth enhancement and gallium dilution effects.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction modeling of the system under study and fitting of
experimental data in order to obtain optical constants.

Garnets, since their discovery in the 1950s, have been We have studied a series of 2.5a4A thick garnet

extensively studied, driven by the prospects of techno- films of composition

logical applicationd1,2]. Magnetic storage medidoub-

ble memoriey sensors, displays, modulators and Lus_,Bi,Fes_ ,Ga Q,

switches are some of the numerous applications that

have been suggested. Despite the efforts, not all aspectsising variable angle spectroscopic ellipsometry and

of these materials are fully understood. In particular, the spectroscopic MOKE. We have determined for three

transitions responsible for their optical and strong mag- selected samples the diagonal and off-diagonal permit-

netooptical response are still a matter of deliatd]. A tivity tensor components in the energy range 1-5 eV.

detailed theoretical understanding and accurate experi- The permittivity tensor is commonly used as the link

mental results are needed in order to gain further insight between experimental results and microscopic theory of

into the microscopic physics of these materials. materials. The linear optical response of our garnet films
Previous experimental studies of the optical spectracan be described by a permittivity tensor of the form

of garnets have mainly been based on reflectivity meas-

urements and Kramers—Kronig analysis to obtain the

& ie 0
diagonal components of the permittivity tensf,6]. 0' !
Ellipsometry is a more reliable and very sensitve ¢=|—ie1 & O D
technique, which can accurately measure the optical 0 0 £

properties of materials, however, it also relies on careful

*Corresponding author. Tel.:+31-24-3653-093; fax:+31-24- When the_ magnetization Is In thedlr_ectlon (polar
3652-190. configuration. For an absorbing medium the tensor
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the first order in the magnetization the diagonal com- Table 1
o N . Composition and properties of the garnet samples; film thickness
ponenteg, is independent oM . The off-diagonal com-  dggy determined by SEM, film thickness,; and surface roughness

L R . . . layer thicknesses,,, 4, found by fitting ellipsometry data
ponente, is linear inM and gives rise to magnetooptical

effects. At normal incidence the Kerr rotaticdiy and Composition desem (WM doy (MM dygugn (NM)
ellipticity mx of a semi-infinite_ m_edium are related to Lu, Bi, FeO., 30 2798 6.6
the components of the permittivity tensor through the |, gi, Fe, Ga,.0,, 35 3460 4.6
relation[7] Lu, Bi, Fe,HBa,0., 4.0 3915 7.3
—ie
(I)K:eK+inK:ﬁ—1 (2 ) o )
| €o(€0—1) urements were made with the magnetic field in both

o directions, and the average results used in order to

For more complex systems such as thin films or g|iminate any offset. The acquired data was again fit to
multilayer structures, no simple relation exists, and 5 model to obtain the off-diagonal tensor components.
numerical fitting of measurements to model calculations The model was essentially the same as previously

should be employed in order to determine off-diagonal gescribed, only modified to include the magnetooptical
tensor elements from Kerr measurements and knowledgeesponse of the film.

of &o. In addition to the ellipsometric Kerr measurements a
, home-built photoelastic modulator based setup, similar
2. Experimental procedure to that described by Satf8], was used to verify the

results. The sensitivity of this system is greater than that
of the ellipsometer, but for our films the ellipsometer
proved sufficient. In the absorbing region of the spec-
trum Eqg.(2) can be used to directly estimate the off-
tdiagonal elements, neglecting the small angle of
incidence and surface roughness effects.

The series of garnet films under study have in-plane
magnetization and were grown by LPE 6t00) orient-
ed gadolinium gallium garndiGGG) substrates for the
purpose of magnetooptical imaging. They are transparen
in the near infrared and visible spectral region up to
approximately 2.3 eV.

Using a commercial ellipsometer system from Wool-
lam Co., Inc., the samples were measured at three angles
of incidence, 67, 70 and 73at photon energies ranging

from 1 to 5 eV. The measured ellipsometric quantities - - L, Big 58Oy, -

. ., __.Lu, Bi Fe Ga O 2N
¥ and A were then fitted to a model consisting of a 8r LB Fe  ca 0 / =
GGG substrate, a film layer of unknown thickness and T 28 07 4406 12 !

unknown optical constants, and a surface roughness
layer (effective medium layer consisting of a 50%
mixture of the previous layer and empty spac&he
garnet film thicknesses had previously been measured
using SEM, and these values were taken as the starting
point for the fitting procedure. Below approximately 2.3
eV the absorption of the garnet films drops and they
become transparent, leading to strong interference oscil-
lations in the measurements. In this low energy range
of the spectrum, a Cauchy dispersion model was used
to represent the optical constants of the film. After
obtaining a good fit of the film thickness, surface
roughness layer thickness and the parameters of the
Cauchy model in this spectral region, the thickness of
the garnet film and the surface roughness layer were
kept fixed, ande’, and”, fit for every measurement
point. Some results of the fitting procedure are summa-
fized in Table 1. Photon Energy (eV)

Kerr rotation and ellipticity were also measured using _ o
the ellipsometer at T5incidence. The samples were Fig. 1. Diagonal components, of the permittivity tensor for three

mounted on t f rmanent maanet aivin field garnet films of different composition. Gallium substitution signifi-
ounied on top of a permane agnet g gate cantly reduces the optical absorption. The real partpEhows a

of _250 kA/m at_ the_ film surface, enOUQh t_O saturate gecrease at low energies but an increase above 3.7 eV for the samples
their magnetization in the out-of-plane direction. Meas- with higher Bi and Ga concentrations.
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Fig. 2. Real part of the off-diagonal tensor componeptEnhance-  Fig- 3. Imaginary part of the off-diagonal tensor component

ment due to bismuth substitution can be seen below 2.5 eV and for Enhancement due to bismuth substitution can be seen for the peak at

the peak at 3.2 eV. Dilution effects of gallium are observed at the 4.2 2.7 eV. Gallium dilution effects are observed for the peaks at 2.3, 3.5
eV peak. and 4.6 eV.

3. Results and discussion real and imaginary parts af;, found from our measure-
ments are shown in Figs. 2 and 3, respectively. Some
Bismuth substitution is known to increase the refrac- peaks clearly show the expected dilutive effect of
tive index of garnets in the low energy region of the gallium, such as the peaks &, at 2.3, 3.5 and 4.6 eV
spectrum and to increase the absorpti6r9]. Gallium, and in ¢; at 4.2 eV. Enhancement due to increased
however, substitutes the active iron ions at tetrahedralbismuth concentration can be observed in the low energy
and octahedral sites, and is expected to reduce opticaregion of &', , for the peak at 3.2 eV, and for the peak
absorption as well as magnetooptical effects.>Ga in &', at 2.7 eV. Here gallium dilution seems to have
substitutes preferentially for tetrahedrally coordinated no effect, or in fact the opposite of the expected effect.
Fe* (approx. 90% and permits thereby in principle There also appears to be a pronounced red-shift of the
for discrimination between the spectral contribution of 2.4 eV peak ing’; and a blue-shift at 4.2 eV fp=0.3
octahedral and tetrahedral¥e[5,10. and y=0.6. Fitting &'; and&”, in terms of electric-
The real and imaginary parts of the diagonal permit- dipole transitions, like several authors have attempted
tivity tensor components for our three samples are shown[4,6,11-13, might provide a better understanding of
in Fig. 1. Absorption, essentially due &, , can be seen these spectra and the effect of Bi and Ga on the
to decrease noticeably for the two samples with higher transitions involved. Such a fitting should, however, be
bismuth(x=0.7) and gallium(y=0.3, y=0.6) concen- based on reliable knowledge of the positions and char-
tration. Furthermore, increased gallium substitution acter of the relevant transitions. Without this information
seems to reduce’, in the low energy part of the the fitting is not unique, and does not further contribute
spectrum but leading to an increase above 3.7 eV. Thesdo the understanding of these materials.
observations must mainly be attributed to the increase The model used to invert the ellipsometry data
in gallium concentration, and indicate that the effect of assumes that the garnet film is homogeneous and that
diluting the FE* lattice is greater than the effect of &, does not vary through the film. This assumption may
added bismuth. not hold completely true, as indicated by magnetization
Bismuth substitution of garnets is well known to induced second harmonic generatiddSHG) studies
enhance magnetooptical effects, while Gallium is known of the same samples. This technique, that has a particular
to reduce the effects for reasons just mentioned. Thesensitivity to symmetry breaking surfaces and interfaces
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[14], shows a difference in crystal symmetry for the
signal originating from the film surface and interface.
To what extent this has an influence on the linear optical
and magnetooptical properties is not known.

4, Conclusions

We have experimentally determined the spectra of the
permittivity tensor components, and £, in the range
1-5 eV for three lutetium iron garnet films doped with
gallium and bismuth. There is clearly an influence of
the film composition on bothe, and &,, however, not
always simply to enhancéin the case of bismuphor
reduce(in the case of galliumspectral features throu-
gout the whole spectrum. Theoretical fitting of these

[5] FJ. Kahn, P. Pershan, J. Remeika, Ultraviolet magneto-optical

(6]

(7]

(8]

(9]

[10]

spectra is necessary to further understand the results and

the microscopic physics of these materials.
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