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In situ and ex situ optical characterization of electro deposited
magneto-optic materials

James N. Hilfiker, Darin W. Glenn, Scott Heckens, and John A. Woollam
Center for Microelectronic and Optical Materials Research, and Department of Electrical Engineering,
University of Nebraska, Lincoln, Nebraska 68588

Kurt W. Wierman

Department of Physics, University of Nebraska, Lincoln, Nebraska 68588

Electrodeposition is being investigated as a novel and low-cost method to prepare magneto-optic
thin film and nanostructured materials. This deposition method allows precise control over thin-film
properties and permits deposition of novel magnetic geometries. Multilayers and alloys can be
deposited and controlled by adjusting deposition potentials and ion concentrations in the bath.
Nickel/cobalt alloys have been electrodeposited from sulfamate, sulfate, and chloride solutions onto
Au substrates. The optical properties were monitonedsitu with a real-time spectroscopic
ellipsometer measuring simultaneously at 44 wavelengths in the 410—750 nm spectralrraitge.
measurements have the advantage of determining the material microstructural préjckasss,
density, and roughnesdefore the films are oxidized in the air ambieBix situ variable angle
spectroscopic ellipsometry measurements were taken over the spectral range from 205 to 1000 nm.
© 1996 American Institute of Physid$s0021-897@6)13308-3

I. INTRODUCTION IIl. EXPERIMENTAL PROCEDURE

Sputtered Co/Ni and Co/Pt nanometer thick multilayers  Electrodeposition of cobalt/nickel multilayers and alloys
can exhibit perpendicular magnetization and have previouslyere carried out from the following electrolyte: 90/g/
been investigated as possible recording matetialElec-  nickel sulfamate, 30 g/ boric acid, andX g/~ of cobalt
trodeposition is investigated as a possible processing teclthloride (where X is varied. Both potentiostatic and gal-
nigue for similar magneto-optic materials. Alloys can bevanostatic depositions were performed using a Princeton Ap-
plated from an electrolyte containing ions of each of theplied ResearcliPAR) Model 173 potentiostat/galvanostat. A
elements to be plated. The ratio of ions in the electrolyte willthree electrode cell configuration was used in which the
have a direct effect on the thin-film alloy ratio, and the alloy working electrode consisted of the substrate to be plated on,
ratio can be controlled by adjusting the electrolyte constituthe counter electrode was a platinum foil, and the reference
ents. This control is desirable for many magneto-optic mateelectrode was a saturated calomel electrode. A PAR Model
rials because of the effects of alloy ratios on Curie temperal79 coulometer was used to monitor the charge passing
ture, coercivity, optical response, and magneto-optichrough the sample during the deposition.
response. Control of the compensation temperature in An electrochemical cell was designed with optical ports
TbFeCo is an example. to allow ellipsometry measurements through the liquid. An

A full electromagnetic analysis of the multilayer bound- in situ spectroscopic ellipsometéd. A. Woollam Co., Ing.
ary value problem, including dielectric tensor representatiorwas used to study the deposition processes.iftiséu ellip-
for all constituent layers, can provide information about ob-someter allowed 44 wavelengths to be measured simulta-
served optical and magneto-optical phenonteRaedictive  neously over the spectral range from 410 to 750 nm every 40
modeling with this analysis method allows the optimizationms.
of magneto-optic disk performanédccurate material prop- A series of cobalt/nickel multilayers and alloys were
erties (optical and magneto-optical constanése necessary electrodeposited on optically thick gold films. The gold sub-
to simulate the optical and magneto-optical responses of strates were prepared by sputter deposition on silicon wafers.
disk structure. A chromium underlayer was first sputter deposited on the

In order to accurately model the material thickness andsilicon substrate to act as an adhesion layer for the gold.
microstructure,in situ spectroscopic ellipsometry measure- X-ray fluorescence measurements were taken on the series of
ments were taken during the electrodepositions. This allowsamples to determine the thin-film cobalt-to-nickel alloy ra-
the materials to be studied before oxidation, and thus the trugo.
material optical constants can be used for predictive model- In situ spectroscopic ellipsometry measurements were
ing. Thein situ measurements also allow diagnostics of timealso taken on each of these films during deposition. This
dependent growth effects. Optimization of the thin-film measurement tool allows the determination of the optical
thicknesses and microstructure could be implemented by peconstants and thin-film thicknesses of the deposited layer and
forming predictive modeling and then controlling the their time dependencies. The galvanostatic depositions were
growth. modeled with a constant growth rate material model.
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FIG. 1. (a) and(b): Comparison of optical constants determined friorsitu

spectroscopic ellipsometry and those from PaRef. 5. given to provide the correct optical model. Further calcula-

tions using a model without the inclusion of surface rough-
ness would give incorrect results for magneto-optic con-
stants. If the thickness is to be optimized, the theoretical

The optical constants and growth rates were determinedalculations would have to consider the time dependent
from in situ spectroscopic ellipsometry measurements takeghange in thin-film optical properties during the growth
during the electrodeposition process. The optical constanthich would give rise to a different optical and magneto-
for cobalt and nickel were in reasonable agreement with valoptic response for different thin-film thicknesses.
ues from the literature, as shown in Fig. 1, with the differ- ~ Lashmore et al, have investigated electrodeposited
ences for cobalt probably due to surface roughndssom-  copper/nickel multilayers for investigation of giant magne-
parison between growth rates determined by situ
ellipsometry and coulometric calculations was also in good
agreement.

Ex situspectroscopic ellipsometry measurements on the
optically thick cobalt/nickel alloys showed a basic trend of
increasinge; and decreasing, as the cobalt ion concentra- ®
tion, X, was increased. The pseudo-dielectric constants from
in situ ellipsometry for one of the cobalt/nickel alloys are
shown in Fig. 2. The film is optically thick after 5 min of
deposition(time period showjy yet the dielectric constants
continue to change with time. A roughness layer from effec-
tive medium theory was able to account for the changes dur-
ing the early stages of film growth, but failed as the films
continued to roughen. Thim situ evidence that the films
were roughening with increasing thickness was confirmed by
ex situ interference microscope measurements. Alloys of

Ill. RESULTS
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found to have increasing roughness with increasing cobalt
concentration. Therefore, in or(_jer to pred_|Ct the optical rex g, 3. in situ spectroscopic ellipsometry parameteelta during a copper/
sponse of these electrodeposited materials, care must lagkel multilayer electrodeposition.
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