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Fabrication of L12-CrPt3 alloy films using rapid thermal annealing for
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SiO2 (2 nm) / Cr25Pt75 (15 nm) and SiO2 (2 nm) / Cr25Pt75 (15 nm) / SiO2 (10, 20 nm) / Co80Zr10Nb10 (10 nm) were prepared by
magnetron sputtering method and post-annealed by rapid thermal annealing (RTA) at temperatures of 600 – 1000 ˚C for 1 – 60 sec.
The saturation magnetization Ms and coercivity Hc measured by applying a maximum field of 18 kOe were 150 emu/cc and 12 kOe,
respectively, for the sample after RTA at 1000 ˚C for 30 sec. This means that L12-CrPt3 phase was obtained by RTA process. The RTA
process was applied to fabricate the multilayered structure having L12-CrPt3 and CoZrNb soft magnetic underlayer (SUL). The polar
Kerr loop of CrPt3 (15 nm) / SiO2 (20 nm) / CoZrNb (10 nm) after RTA at 1000 ˚C for 30 sec exhibited a large coercivity Hc > 9 kOe
corresponding to that of the CrPt3 single layer. From the compositional depth profile of CrPt3 (15 nm) / SiO2 (20 nm) / CoZrNb (10
nm) processed by RTA at 1000 ˚C for 30 sec, sharp layered structure was confirmed despite the high temperature heat treatment.
When the SiO2 thickness was reduced to 10 nm, such a layered structure was completely destroyed due to the interdiffusion between
CrPt3 and CoZrNb layers. Thus it was concluded that the RTA process and the interlayer of SiO2 (20 nm) were effective to fabricate
layered structure having L12-CrPt3 and SUL.
Index Terms—Rapid thermal annealing, Magnetic layered films, Planar bit patterned media, CrPt3

I. INTRODUCTION

B

IT patterned media have attracted considerable interest as
future high density magnetic recording media, since they
provide a promising technology to postpone the problem of
superparamagnetic limit, i.e., thermal instability of the
recorded bits in the media. One of the problems for the
practical use of the bit patterned media is topography of
discrete magnetic bits defined by lithographical fabrication,
because the rough surface of the disk disturbs stable flying of
the hard disk drive (HDD) head. Ion beam irradiation has been
proposed as a new approach to pattern magnetic materials
locally without etching magnetic materials, i.e., without
altering the surface topography [1, 2], and ion irradiation into
Co/Pt [1 - 4] and Co/Pd [5, 6] multilayers (MLs) has been
reported for the modification of their perpendicular
anisotropies. However, in the Co/Pt and Co/Pd MLs patterned
by ion irradiation, the adjacent magnetic bits are not
magnetically isolated due to the exchange coupling through
in-plane magnetized spacing, which will limit the ultimate
recording density of the media.
Previously, we have reported the ion-beam patterned
medium using a CrPt3 alloy film [7]. The CrPt3 shows
ferrimagnetism when it has an ordered L12 phase, while
paramagnetism when disordered fcc phase, and the
ferrimagnetic L12-CrPt3 was found to be transformed to
paramagnetic Cr25Pt75 by a quite low ion dose of 2 x 10 14
ions/cm2 with 30 keV Kr+ ions [8]. The amount of ions 2 x
1014 ions/cm2 corresponds roughly to number of atoms within
0.1 atomic layer of CrPt3, and such a low ion dose has no
influence on the surface topology and the thickness of the
CrPt3 layer [9]. The L12-CrPt3 film onto SiO2 substrate
exhibits a magnetization of 250 emu/cc and a large
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perpendicular anisotropy of 5 x 106 erg/cc [7, 10 - 13], which
is suitable for the high-density bit patterned media. Thus we
consider that Kr+ ion irradiation onto the L12-CrPt3 film could
be a practical approach to achieve planar bit patterned media
beyond 1 Tb/in2 recording density. One of the problems to use
CrPt3 for the practical application is high temperature heat
treatment to obtain L12 phase CrPt3, which makes difficult to
fabricate layered structure for perpendicular recording media.
In this study, we report rapid thermal annealing (RTA)
processing of CrPt3 and discuss magnetic properties of RTA
processed CrPt3. Furthermore we report the application of
RTA to the fabrication of multilayered structure having L12CrPt3 and soft magnetic underlayer (SUL).
II. EXPERIMENTAL METHOD
[Cr (0.4 nm) / Pt (1.5 – 1.7 nm)]10 MLs / substrate, SiO2 (2
nm) / Cr25Pt75 (15 nm) / substrate, and SiO2 (2 nm) / Cr25Pt75
(15 nm) / SiO2 (10, 20 nm) / Co80Zr10Nb10 (10 nm) / substrate
were prepared by magnetron sputtering method. Fused quartz
or thermally oxidized Si was used as a substrate. The Cr25Pt75
alloy layer was fabricated by the co-sputtering of Cr and Pt
sources. The Co80Zr10Nb10 was deposited using an alloy target.
L12 phase CrPt3 were obtained by rapid thermal annealing
(RTA) at temperatures of 600 – 1000 ˚C for 1 – 60 sec in N2
atmosphere. The ramp rate was set to 70 ˚C/sec. For
comparison, some of the samples were annealed in vacuum at
a temperature of 850 ˚C for 15 min. In the vacuum annealing,
the cooling rate to room temperature was set at 10 ˚C/min.
Magnetic properties were measured by using alternating
gradient field magnetometer (AGM) and polar Kerr loop
tracer using polarized angle modulation method. Crystal
structure and surface morphology were checked by X-ray
diffraction (XRD) with Cu Kα radiation and atomic force
microscopy (AFM), respectively. Magnetic domain structure
was observed by magnetic force microscope (MFM).
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Compositional depth profile was characterized by scanning
Auger electron spectrometer (AES) equipped with Ar+ ion
beam milling system. The energy of the primary electron for
AES measurements was 10 keV, and Ar+ ion beam energy was
3 kV. The primary electron beam was scanned within the
region of 200 x 200 µm2, which is adjusted around the center
of the ion-etching region of 1 mmφ.
III. RESULTS AND DISCUSSIONS
Figure 1 shows the RTA process temperature dependence of
(a) saturation magnetization Ms and (b) coercivity Hc of CrPt3
films on SiO2. The annealing time was set at 30 sec. The open
and closed circles were obtained by annealing the multilayer
sample [Cr (0.4 nm) / Pt (1.51 nm)]10 and alloy sample
Cr25Pt75 (15 nm). Both samples have almost the same chemical
composition of Cr 25 at.% and Pt 75 at.%. Upper two figures
in Fig. 1 show M-H loops of Cr25Pt75 (15 nm) annealed at
850˚C and 1000˚C. The saturation magnetization Ms and
coercivity Hc were estimated from M-H loops taken at a
maximum field of 18 kOe. As shown in Fig. 1, the Ms and Hc
increased with increasing the process temperature.
Furthermore, large perpendicular anisotropy just as the
vacuum annealed CrPt3 in the previous reports [7, 8] is
confirmed. The disordered Cr25Pt75 alloy and Cr / Pt MLs do
not show ferro- or ferri-magnetizm, and thus the increase of
the magnetization and coercivity are understood by the
formation of the ferrimagnetic L12 ordered CrPt3 phase. The
formation of the L12-CrPt3 was also confirmed by the
appearance of the superlattice line of L12 phase in X-ray
diffraction profiles after RTA (not shown here). The RTA
made CrPt3 has strong 111 orientation with Δθ50 = 6 deg
(FWHM of rocking curve for 111 peak). Thus the order
parameter S of RTA made CrPt3 at 950 ˚C was calculated from
the in-plane XRD profile as in the same manner as Ref. [8],
and estimated to be S > 0.9.
The saturation magnetization of bulk CrPt3 is around 250
emu/cc [10], and the CrPt3 (20 nm) on SiO2 substrate annealed
in vacuum at 850 ˚C for 15 min exhibits a large coercivity
about 12 kOe [7]. The present sample has almost the same
coercivity when the sample was processed at around 1000 ˚C.
The Ms of the sample after RTA at 1000 ˚C was around 150
emu/cc, which is smaller than those of the bulk CrPt3 and the
vacuum annealed CrPt3 film. The reason of smaller
magnetization of the RTA made CrPt3 than that of vacuum
annealed CrPt3 is considered to be larger saturation field of
RTA made CrPt3 than that of the vacuum annealed one. As for
the annealing time dependence, the Ms of CrPt3 processed by
RTA 950 ˚C for 1 sec was only 30 % of the samples processed
for 30 sec (not shown in the figure), which means 950 ˚C and
1 sec RTA is considered to be insufficient for the formation of
L12-CrPt3. The Ms of CrPt3 obtained by 1 min RTA was
almost the same as that by 30 sec RTA.
FIG. 1 HERE
Figure 2 shows AFM and MFM images of (a) as-sputtered

[Cr (0.4 nm) / Pt (1.51 nm)]10 ML, (b) CrPt3 (20 nm) made by
RTA at 950 ˚C for 30 sec, and CrPt3 (20 nm) annealed in
vacuum at 850 ˚C for 15 min. The CrPt3 films are made out of
the Cr / Pt MLs. For the as-sputtered ML, quite flat surface
having a surface roughness of Ra = 0.14 nm was confirmed,
and no contrast in MFM images indicates that the as-deposited
ML is non-magnetic state. When the sample was vacuum
annealed, large grain with the diameter of ~ 100 nm was
confirmed in the AFM image (Fig. 2 (c)). Accompanied by the
growth of L12-CrPt3 grains, the surface roughness was
significantly increased to Ra = 0.70 nm. In the MFM image of
Fig. 3(c), clear magnetic contrast resulting from the formation
of the ferrimagnetic L12-CrPt3 was seen. The size of the
magnetic domain (or magnetic cluster) was almost the same as
the crystal grain size. In the case of RTA made CrPt3, small
grain size of ~ 30 nm was confirmed as shown in Fig. 2 (b).
The surface roughness was Ra = 0.53 nm, which is smooth
compared to the vacuum annealed CrPt3, even though it is still
rough compared to the as-sputtered ML. Just as the vacuum
annealed sample, the RTA made CrPt3 exhibited clear
magnetic contrast in the MFM image (Fig. 2(b)). The domain
size or magnetic cluster size was around 30 nm, which is
much smaller than that of vacuum annealed CrPt3 and roughly
corresponds to crystal grain size.
FIG. 2 HERE
Compared to the vacuum annealing, RTA is quite effective
to fabricate the recording medium with flat surface. Moreover,
it is considered to have a great advantage to make a layered
structure having L12 CrPt3 layer for the magnetic recording,
since it can control the interdiffusion between CrPt3 recording
layer and soft under layer (SUL). Figure 3 shows polar Kerr
loops of CrPt3 (15 nm) / SiO2 (t nm) / CoZrNb (10 nm)
annealed at 1000 ˚C for 30 sec. The loops were measured by
applying a maximum field of 16 kOe and taken at a
wavelength λ = 800 nm from the film side (CrPt3 side), which
means that the loop mainly reflects the hysteresis of the CrPt3
layer. As shown in Fig. 3 (a), for the SiO2 thickness of t = 20
nm, the sample exhibits a large coercivity Hc > 9 kOe
indicating large perpendicular magnetic anisotropy. The Hc
was comparable to the RTA made CrPt3 single layer (see Fig.
1 (b)), and the loop shape was consistent with that of the RTA
made single layer (not shown here) and that of the vacuum
annealed CrPt3 [7]. When the SiO2 layer was decreased to t =
10 nm, the coercivity of CrPt3 was found to reduce
significantly as shown in Fig. 3 (b). This is considered to be
due to the interdiffussion between the CrPt3 layer and CoZrNb
SUL.
FIG. 3 HERE
In order to clarify the interdiffusion between the CrPt3 and
SUL, AES depth profiles were measured for CrPt3 / SiO2 /
SUL before and after the RTA process. Si(KLL), O(KLL),
Cr(LMM), Co(LMM), Pt(MNN) AES were monitored during
the interval of Ar+ ion beam etching. Figure 4 shows the
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Auger peak intensities of the above elements as a function of
the etching time. The Auger peak intensity was evaluated from
the derivative spectra d(E·N(E)) / dE. The AES depth profile
taken for the as-sputtered CrPt3 (15 nm) / SiO2 (20 nm) /
CoZrNb (10 nm) is shown in Fig. 4 (a). The sharp layered
structure of CrPt3 / SiO2 / SUL was confirmed. After the
sample was annealed at 1000 ˚C for 30 sec, it is confirmed the
layered structure still exists as shown in Fig. 4 (b) even though
the sharpness of the compositional change at the interface
deteriorates slightly. When the SiO2 thickness was reduced to
10 nm (see Fig. 4 (c)), the layered structure was completely
destroyed after RTA of 1000 ˚C for 30 sec due to the
interdiffusion between CrPt3 layer and CoZrNb SUL. These
results are consistent with the Kerr loops shown in Fig. 3.
Thus it was concluded that processing by RTA and interlayer
of SiO2 (20 nm) were effective to fabricate layered structure
having L12-CrPt3 layer and SUL.
Finally we have to briefly comment on the magnetic
properties of SUL after the RTA. When the as-sputtered
CoZrNb (20 nm) was annealed at 950˚C for 30 sec, it was
confirmed that the Hc significantly increased from 2 Oe to 25
Oe. In the X-ray diffraction profile, no diffraction peaks
indicating the formation of the crystalline phase of CoZrNb
even after RTA were detected, however, the increase of Hc
after RTA may indicate a structural difference between assputtered and RTA processed SUL. The increase of Hc will be
a problem to achieve a practical recording media having L12CrPt3, and the development of the SUL tolerating RTA
process and/or the reduction of the process temperature for
making L12-CrPt3 will be necessary.
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Fig. 3. Polar Kerr loops of CrPt3 (15 nm) / SiO 2 (t nm) / CoZrNb (10 nm)
annealed at 1000 ˚C for 30 sec. The loops were measured by applying a
maximum field of 16 kOe, and taken from film side (CrPt3 side) at λ = 800
nm. The SiO 2 thickness was t = 20 nm for (a) and t = 10 nm for (b).

Fig. 1. RTA process temperature dependence of (a) magnetization at 18 kOe
and (b) coercivity Hc of CrPt3 films. The annealing time was set at 30 sec.
The open and closed circles were obtained by annealing the multilayer
sample [Cr(0.4 nm) / Pt(1.51 nm)]10 and alloy sample Cr25 Pt75 (15 nm),
respectively. Upper figures are M-H loops of Cr25Pt75 (15 nm) annealed at
850˚C and 1000˚C.

Fig. 4. AES depth profile taken for the (a) as-sputtered CrPt3 (15 nm) / SiO2
(20 nm) / CoZrNb (10 nm), (b) CrPt3 (15 nm) / SiO 2 (20 nm) / CoZrNb (10
nm) after RTA at 1000 ˚C for 30 sec, and (c) CrPt3 (15 nm) / SiO 2 (10 nm) /
CoZrNb (10 nm) after RTA at 1000 ˚C for 30 sec. The Auger peak intensity
was evaluated from the derivative spectra d(E·N(E)) / dE taking into account
the relative sensitivity factor (RSF) of each element.

Fig. 2. AFM and MFM images of (a) as-sputtered [Cr(0.4 nm) / Pt(1.51
nm)]10 ML, (b) CrPt3 (20 nm) made by RTA 950 ˚C for 30 sec, and (c) CrPt3
(20 nm) annealed in vacuum at 850 ˚C for 15 min. Left are AFM images with
a height full scale (FS) of 10 nm, and right are MFM images with a contrast
FS of 15 Hz.

