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Magneto-optical effect for metallic ultrathin films
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Kentarou NAKATIMA

An in-situ measurement system of surface magneto-optical Kerr effect spectroscopy has been
newly developed. The system consists of the ultrahigh vacuum deposition and measurement
chambers and the apparatus of magneto-optical Kerr effect. The deposition chamber mounts
three MBE cells, quartz thickness monitors and a RHEED apparatus. We added new improvement
to the conventional measurement scheme of Kerr rotation angle. The sensitivity is 5X 107
degrees and spectra of the Kerr rotation and ellipticity can be measured in the photon energy
range from 2.0 eV to 4.6 eV,

In-site Kerr effect measurement was used to investigate the magneto-optical properties of
polyerystalline Co films deposited on fused quartz substrates. The AFM observation and ellip-
somerry measurement showed that Co made islands on the substrates in early stages of deposition
and that the film became continuous in an optical sense when their thickness was above 60A. A
new peak appeared in the spectra of the off-diagonal parts of conductivity tensor at around 3-4
eV for the films less than 60A thick. The dependence of the energy corresponding to the peak on
the film thickness was well explained by the concept of surface plasma resonarnce.

The magneto-optical properties of ultrathin fcc Co films epitaxially grown on Cu(001)
surfaces were investigated. The growth conditions were optimized and RHEED patterns of the Co
ultrathin films reveal sharp streaks reflecting the symmetry of the fcc Cu(001) surfaces. Longi-
tudinal Kerr rotation and ellipticity spectra were measured repeatedly after each of the Co
coverages deposition in 1-30A thick steps. These spectra taken in the range of b to 50A showed
essentially the same features, which means, ultrathin films of Co on Cu(001) have a bulk like
electronic structure with no evidence for any significant changes in the exchange splitting as the
film thickness is reduced.
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Fig. 1. Schematic illustration of the top view
of the vacuum system that incorporates
MBE, RHEED and surface magneto-optical
Kerr effect spectroscopy.
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Fig. 2. Schematic illustrations of the process
for the measurement of rotation angle. (a)
conventional moduration method, (b): pre-
sent method.
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Fig. 3. Whele view of the apparatus develop-
ed.
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IMig. 4. Spectra of the xy component of the con-
ductivity tensor for ColdA) deposited on
fused quartz subsirates, {(a) imaginary part
w0y, (b): real part woy,. The solid lines show
experimental data for Co(20A) epitaxially
grown on Cu(001) surface,
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Fig. 5. Calculated spectra of {a) the real and (b)
imaginary part of we,, for various packing
factor g. The dots show experimental re-
sults for 20, 30 and 404 thick Co deposited
on fused quartz substrates.
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(a) Cu (001) surface

(b) Co 10A / Cu (001)

TFig. 6. RHEED patterns of (a) Cu(001) surface
and (B) 10A Co epitaxially grown on
Cu(001) surface. The primary energy of the
electron beam is 15 kV.
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Fig. 7. Normarized Kerr rotation and elliptici-
ty spectra for Co/Cu{001) ultrathin films.
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