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Therefore, our energy-selective intensity measurements were made to
choose a positive-peak position of the dispersive XMCD, which locates
in a wavelength of A = 1.7442 A (E =7.1082 keV).

The synchrotron experiments on RXMS of magnetite were
performed with a Rigaku AFC5 four-circle diffractometer in Photon
Factory BL-6C, where monochromatized X-rays are reproduced
with the circularly polarization by a diamond (001) phase retarder. A
spherical crystal of 0.13 mm in diameter was mounted along the a, axis
on the glass fiber on a rare-earth magnet. The crystal was grown from
Fe,0, powder in Pt-10 % Rh crucible by the Bridgman method in the
CO-CO, atmosphere and provided by Drs. S. Todo and H. Kawata.
The cell dimension is a = 8.4000(3) A (s.g. Fd-3m). At temperatures
of T=125, 200 and 300 K, integrated intensity data were collected at
a scan speed of 0.5 °/min in ®. A total of 425 reflections was collected
within the range of 20 < 100° and -7 < &, k, / < 7 and corrected for
the angle-dependent polarization effect. Intensity difference (I* - 1°)
between left- and right-circular polarizations extracts the RXMS effect
and is roughly proportional to the real part of F*, F;, in complex
conjugation of crystal structure factors.

Difference-Fourier maps on targeted magnetic electrons were
sybthesized from the F difference between left- and right-circular
polarizations. With some replacements of calculated F_ for
observed one, the usual difference-Fourier formalism can be used
for the difference in the electron density of [Ap,,(F)" - Ap,, ()]
[4]. Nonessential effects such as charge scattering and experimental
errors can be cancelled out in the difference-Fourier synthesis. Thus,
in this study difference-Fourier maps of magnetite were obtained as a
function of temperature and will be discussed for the magnetic electron
density at the electronic transition energy so far examined. Our results
show that the appearance of positive and negative peaks are caused
by magnetic unpaired 3d electrons around Fe atoms associated with
neighboring oxygen and the other Fe atoms. It suggests the existence
of the A-O-B super exchange interaction.
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The magnetic structures of M-type BaTiMFe,,0,, (M = Mn, Co)
have been determined by the resonant X-ray magnetic scattering
(RXMS) method [1-4], where the spin-orbit coupling gives magnetic
resonance at the K edge through the superexchange interaction between
4p and 3d sates with 2p of oxygen atoms. Although barium hexaferrite
BaFe,,0,, has the strong uniaxial anisotropy in magnetization along
¢ axis, the substitution of Fe** by Ti*/M*" results in a weakening of
the magnetic interactions. The structure analyses based on neutron
diffraction [5] and RXMS [4] measurements have suggested that Ti*/
Co**-substituted crystals have ferrimagnetic structures with the canting
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of the magnetic moments. It is considered that the array of magnetic
moments among five cation sites is different between Ti*"/Mn?>* and
Ti*/Co*" substitutions.

Synchrotron X-ray intensity measurements were made for single
crystals of ferrimagnetic ferrites at BL-6C of the Photon Factory.
X-ray magnetic circular dichroism (XMCD) and RXMS effects
were examined with intensity differences between the right- and
left-circular polarizations, produced by a transmission-type phase
retarder of diamond (001). The XMCD measurements are important
to pinpoint the photon energy required for RXMS, where a negative
XMCD signal around £ = 7.123 keV has a chemical shift between
Ti*/Mn*" and Ti*/Co*" ferrites. By using a Rigaku AFC5 four-circle
diffractometer, intensity measurements of RXMS for BaTiMnFe,,0,,
and BaTiCoFe,,0,, were made in an ©—20 scan mode at wavelengths
of L=1.7402 A (E =17.1245 keV) and 1.7406 A (7.1228 keV) at the Fe
K edge, respectively.

Single crystals of ferrites were grown by a flux method. The
crystal symmetry is hexagonal with the space group P6,/mmc and cell
dimensions are @ = 5.9039(2) and ¢ = 23.2047(8) A for Ti-Mn and a
=5.8955(3) and ¢ = 23.205(2) A for Ti-Co. The crystal structure can
be built up with a sequence of spinel fec blocks of (Fe,0,)*" and hcp
blocks of (BaFe O,,)*. Five independent Fe sites exist as tetrahedral 4f],
bipyramidal 25 and three octahedral sites of 2a, 4f, and 12k. The cation
distributions of the barium ferrites have been estimated from single-
crystal X-ray diffraction data [6]. Spin orientations were estimated in
the least-squares method based on an asymmetrical ratio AR = (I*-I')
/(I'+I), where I' and I are left- and right-circular polarized intensities,
respectively. The degree of the spin canting for BaTiMnFe,,O,, was
determined in the least-squares calculations with resonant magnetic
scattering factors, which was compared with that of BaTiCoFe ,O,, in
the relation between magnetic helices and cation substitution.
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X-ray magnetic diffraction (XMD) experiment has been performed
for Cu,Au-type single crystal alloys of disordered Pd;Co and ordered
Fe,Pt, and magnetic Compton scattering (MCS) experiment has been
performed for Pd;Co. The aim of this study is to estimate spin and
orbital magnetic moments of the alloys. Electron probe micro analysis
(EPMA) has shown that precise chemical composition of Pd;Co is
Pd,,Co,s. The XMD and MCS experiment were made on BL3C of
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KEK-PF and BLOSW of SPring-8, respectively. EPMA analysis was
made at Center for Material Research by Instrumental Analysis in
Gunma University.

The spin and orbital magnetic form factors of Pd,,Co,, and Fe,Pt
were measured by the XMD for nearly twenty reciprocal lattice points,
and the magnetic Compton profile (MCP) of Pd,,Co, ; was obtained for
three directions along the principal axes [100], [110] and [111].

The observed spin and orbital magnetic form factors were fitted
with atomic-model theoretical form factors based on the dipole
approximation in order to obtain the spin and orbital magnetic moment
of each constituent atom of the alloys. Theoretical form factors for
3d elements of Co and Fe and 4d element of Pd were quoted from
the literature [1]. Those for 5d element of Pt were calculated by the
authors (K.K. & T.N.) as they were not presented in literatures. The
observed MCPs have provided information about the spin moment and
directional anisotropy of the momentum distribution of electrons with
spin.

The experimental results are as follows. (1) Sum of the spin
and orbital moment of Pd,,Co,; by the XMD (2.3u, and 0.8y,
respectively) is 3.1p,, which is consistent with the magnetic moment
3.16u, observed by the magnetization measurement. (2) The estimated
spin moment of Pd,,Co, by the MCP is 2.36p, which is in agreement
with that of the above XMD result. (3) For Fe,Pt the orbital moment is
almost quenched and the spin moment is 6.8, which is corresponding
to the value 6.68L,; by the magnetization measurement. (4) Directional
anisotropy is observed for the three MCPs of Pd;,Co,,. These results
are compared with the other experimental results such as polarized
neutron diffraction [2] and the MCS. [3,4]
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Since discovery of high perpendicular magnetic anisotropy
(PMA) in Co/Pd multilayer [1], they have attracted much attention
for application to high density magnetic recording media. In order to
achieve the high density recording, it is important to control the PMA
energy in Co/Pd multilayer. It has been reported that the PMA energy in
the Co/Pd multilayer depend on Pd layer thickness [2,3]. However the
origin of these phenomena is unclear. The interface of the multilayer
may affect the PMA energy. In this study we compare the two Co/Pd
multilayers with smooth and rough interface.

A Co(1.5nm)/Pd(2.6nm) multilayer was grown on SiN membrane
substrate by using effusion-cell of MBE technique. The deposition
temperatures of Co and Pd were 1515°C and 1405°C, respectively.
Deposition rates of Co and Pd were 0.5nm/min and 2nm/min,
respectively. The XRD measurement showed fec(111) texture and

satellite peaks. The satellite peaks confirm the smooth interface.

The Co(1.6nm)/Pd(4.0nm) multilayer was grown by sputter
technique previously [4]. The XRD measurement showed fec(111)
texture. Smaller satellite peak intensities suggest rougher interface than
multilayer by the MBE.

Magnetization measurement showed that the PMA energy of
the Co(1.5nm)/Pd(2.6nm) multilayer was 1.15x10%rg/cc, and the
Co(1.6nm)/Pd(4.0nm) multilayer was 1.2x10%rg/cc. Two multilayers
have almost the same PMA energy, even if the Co(1.5nm)/Pd(2.6nm)
multilayer with the smooth interface has thinner Pd layer thickness.

In order to measure the shape of wave function in the two
multilayers, magnetic Compton profiles (MCPs) were measured on
BLO8W of the SPring-8. Figure 1 shows MCPs for the Co(1.5nm)/
Pd(2.6nm) multilayer and Co(1.6nm)/Pd(4.0nm) multilayer. Both the
MCPs are almost the same and it is suggested that wave function for
the two multilayers are almost the same.

In conclusion we successfully control wave function and adjust the
PMA energy by controlling the interface in Co/Pd multilayer.
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Fig.1 Magnetic Compton profiles (MCPs) of Co(1.5nm)/Pd(2.6nm) (open
circles) and Co(1.6nm)/Pd(4.0nm) (solid circles) multilayers. The inset
shows difference of the MCPs.
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ZnO nanocrystals find extensive application potential in modern
technology for the fabrication of UV- diode laser and ZnO light emitting
structures because of its wide and direct bandgap (3.37 eV) and with a
large exciton binding energy (60 meV). ZnO has already been widely
used in piezoelectric transducers, gas sensors, optical wave guides,
transparent conductive films, varistors, solar cell windows, bulk acoustic
wave devices, heterogeneous photocatalyst, etc. There are several
methods employed popularly in the synthesis of ZnO nanocrystals.
However, the hydrothermal method has been proved to be the most
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