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MgO, Al2O3 and SiO2 incorporated CoCrPt thin filmss20 nmd have been fabricated on the Ru
underlayer to study the role of different oxides on magnetic isolation of CoCrPt grains. Unlike the
SiO2 incorporated case, the MgO and Al2O3 incorporated specimens do not show higher coercivity
and squareness. Microstructural analysis of MgO and Al2O3 cases shows quite different morphology
than that of SiO2. MgO and Al2O3 are segregated within the grains as well as grain boundaries in
a patch form. The differences in magnetic properties are speculated in terms of different kinetics for
the different chemical species. ©2005 American Institute of Physics. fDOI: 10.1063/1.1849051g

I. INTRODUCTION

Fine and magnetically well-isolated grain of recording
layer is one of the critical requirements for the high density
perpendicular recording media.1 Though Cr is known to be
segregated mainly at the grain boundaries in CoCrPt media,
high Cr concentrationsfor example, beyond 17 at. %d is
needed to promote Cr segregation into the boundary.2,3

Moreover, as the Cr segregation is observed only in high
angle boundaries, there are many chances to have low angle
boundaries due to the hexagonal symmetry in Co alloys,
which will induce magnetic clusters. In order to solve these
problems, CoCrPt–SiO2 and CoCrPtO recording layers were
introduced.4,5 Rather thick oxide boundary layers insulate
CoCrPt grains almost independently regardless of relative
orientations of nearest neighboring grains.

Many researchers are working on the CoCrPt–SiO2 me-
dia for those reasons but no other oxides are reported as a
proper additive material to the CoCrPt media. In this article,
we have investigated the effects of such oxides as MgO and
Al2O3 as substitute for SiO2 on the CoCrPt media because
the standard heat of formations of Al2O3 and MgO is similar
to that of SiO2. The CoCrPt/Ru and media were also pre-
pared as a reference for the comparison of magnetic proper-
ties and microstructures with the MgO and Al2O3 incorpo-
rated CoCrPt media.

II. EXPERIMENT

Surface oxidized Si wafers were used as substrates. Tas5
nmd and Ru s40 nmd were deposited at 3 and 10 mTorr,
respectively, by dc magnetron sputtering method and the
magnetic layerss20 nmd were deposited by 400 W radio-
frequencysrfd sputtering method at high pressures60 mTorrd
without pre-heating. Base pressure was kept below 3
310−7 mTorr. The CoCrPt–Al2O3, CoCrPt–MgO, CoCrPt–
SiO2 and CoCrPt magnetic layers of 20 nm were deposited
on Ru underlayer. The above sputtering conditions were
fixed to all specimens. The content of Al2O3, MgO and SiO2

was controlled by the number of oxide chips mounted on
CoCrPt alloy target. Optimum doping amount of each oxide

was decided by the shape of hysteresis loops which show
maximum coercivity and negative nucleation field.

The magnetic properties including perpendicular and in-
plane coercivitiessHc', Hcid, nucleation fieldsHnd, and a
s4P]M /]H at Hcd were measured by a vibrating sample
magnetometer at a field sweep rate of 200 Oe/s at room
temperature.

The crystalline orientation of the thin films was analyzed
by the Du50 from x-ray diffraction. Transmission electron
microscopesTEMd images were observed to verify the grain
isolation. Both plane-view and cross-sectional TEM samples
were prepared. X-ray photoelectron spectroscopysXPSd
analyses were performed to ascertain the oxide species and
energy dispersive spectroscopy was used to analyze doping
contents of each oxide.

III. RESULTS AND DISCUSSION

Figure 1 shows the typical hysteresis loops of
CoCrPt–12 mol %MgO, CoCrPt–7.6 mol %Al2O3, CoCrPt–

13 mol %SiO2 and CoCrPt layers. When the number of oxide
chips varied in MgO and Al2O3 incorporated layers, the hys-
teresis loops did not change much while that of SiO2 incor-
porated layers showed sharp change. In the case of CoCrPt–
SiO2 layer, coercivity increases to 3500 Oe and the negative
nucleation field increases to 1500 Oe in contrast to the
CoCrPt layer. As the Ru layers were deposited at 10 mTorr
and relatively higher power, theDu50 of the Ru layer is
around 5.9°. A cross-sectional TEM of Ru layer shows some
columns are discontinuous in thickness direction and these
are associated with the poorc-axis alignments due to high
sputter pressure. Due to this, there is rather large in-plane
coercivity in the CoCrPt layer.

However, unlike the CoCrPt–SiO2 layer, CoCrPt–MgO
and CoCrPt–Al2O3 layers show lower coercivities and no
negative nucleation field. TheDu50 of CoCrPt–MgO and
CoCrPt–Al2O3 are around 7.1–7.4° while that of the
CoCrPt–SiO2 and CoCrPt layer are kept around 6°. This in-
dicates SiO2 does not deteriorate the epitaxial growth. In
order to understand these behaviors, TEM in-plane view of
those layers has been examined and the micrographs are
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shown in Fig. 2. In Fig. 2sdd. CoCrPt grains in the CoCrPt
layer are close packed in most parts and only some isolated
voids are observed due to the high pressure sputtering.

As shown in Fig. 2scd, CoCrPt grains in the CoCrPt–
SiO2 layer are well separated by relatively uniform SiO2

walls. Even in this case, a few oxides are observed inside of
CoCrPt grains. However, in the CoCrPt–MgO and CoCrPt–
Al2O3 layers, the oxides form mostly along the grain bound-
ary and their thickness was not uniform. Moreover, many
oxides are found within the grains. High resolution TEM
micrographs show lattice images of CoCrPt extend even in
oxide boundaries in many cases in the CoCrPt–MgO and
CoCrPt–Al2O3 incorporated CoCrPt layers but no lattice im-
ages in SiO2 incorporated grain boundaries.

Cross-sectional TEM images of these layers are shown
in Fig. 3. As shown in Fig. 3sdd, no physical separation is
observed between the CoCrPt columns in the CoCrPt layer.
The CoCrPt–SiO2 layer shows well-separated CoCrPt col-
umns. However, the MgO and Al2O3 incorporated CoCrPt
layers show some oxide along column boundaries with many
oxides within the grains as appeared in Figs. 3sad and 3sbd.
The oxides deteriorate the epitaxial growth and as a result
the worsec-axis alignments of CoCrPt grains can be ex-
plained. Those results can explain the worse magnetic prop-
erties in the MgO and Al2O3 incorporated layers.

The heat of formation energiessDH°d as a measure of
stability of the oxides appear in Table I together with free
surface energy.DH° of SiO2 is the highest among those and
is comparable with that of Al2O3. TheseDH° values are
normalized to one metal atom. XPS analysis shows almost

FIG. 1. Hysteresis loops ofsad CoCrPt–MgOs12
mol %d, sbd CoCrPt–Al2O3s7.6 mol %d, scd CoCrPt–
SiO2s13 mol %d and sdd CoCrPt media.

FIG. 2. Plane-view TEM images ofsad CoCrPt–MgOs12 mol %d, sbd
CoCrPt–Al2O3s7.6 mol %d, scd CoCrPt–SiO2s13 mol %d and sdd CoCrPt
media.

FIG. 3. Cross-sectional TEM images ofsad CoCrPt–MgOs12 mol %d, sbd
CoCrPt–Al2O3 s7.6 mol %d, scd CoCrPt–SiO2 s13 mol %d and sdd CoCrPt
media.
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all Si and Al exist as oxide form. However, in the case of
MgO incorporated layer, only 40% of Mg exists as oxide and
60% of Mg exists as metal atom. The reasons may be as
follows. DH° of MgO is comparable to that of Cr2O3. There-
fore, Mg and Cr may compete during oxidation. In the MgO
incorporated film, about 40% of Cr exists in oxide form
while less than 30% of Cr exists in oxide form in the SiO2

and Al2O3 incorporated films. Those results suggest that
more stable oxide is preferable in an oxide incorporated
CoCrPt layer.

However, these results do not explain the formation of
the different oxide morphologies in these layers. The free
surface energies of these oxides are not much different as
shown in Table I. There are no available data for interface
energy between these oxides and CoCrPt metal. The oxide
formation during sputtering may be controlled not by ther-
mal equilibrium but by kinetic process. If diffusion processes
of Si, Al and Mg are different on CoCrPt surface, the differ-
ent oxide morphology may occur as appeared in the present
case. Further research is needed to understand these different
behaviors.

IV. CONCLUSION

MgO, Al2O3, and SiO2 incorporated CoCrPt media have
been fabricated and their magnetic properties and micro-

structures were compared to understand the role of different
oxide materials. The SiO2 incorporated CoCrPt layer had
higher coercivity and squareness than those of MgO and
Al2O3 cases. That would be attributed to the well-isolated
CoCrPt grains. The different behaviors are thought to be as-
sociated with different kinetics of diffusion for the different
oxide elements rather than thermodynamic energy.
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TABLE I. Free surface energy and heat of formationsDH°d of several oxides. The free surface energy refers to
crystalline state value.DH° is normalized to one metal atomssee Refs. 6 and 7d.

MgO Al2O3 SiO2 Cr2O3

Surface EnergysJ/m2d 1.2* 1.7–2.6* 1.5* N/A
Heat of formationsJ/mold 2602 229 2837 850 2910 900 2567 350
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