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Abstract. Influence of Ni content on the microstructure and magnetic and magneto-optical (MO) prop-
erties of sputtered (Co1−xNix)Pt3 alloy films has been investigated by means of Kerr spectrometer, Kerr
hysteresis looper, X-ray diffractometer (XRD), and atomic force microscopy (AFM). On the whole, the
addition of Ni to the CoPt3 alloy film simultaneously decreases the Curie temperature TC and the Kerr
rotation angle θK , but the decrease of TC with Ni content is more visible. When the Ni content x is in-
creased from 0 to 0.33, TC decreases from 273 ◦C to 233 ◦C, whereas the decrease of θK is quite limited
and the film still preserves a strong perpendicular magnetic anisotropy (PMA) and a high coercivity, indi-
cating that the (Co1−xNix)Pt3 alloy film with x = 0.33 can be used for practical MO applications. Further
increase of Ni content decreases the θK significantly and destroys the PMA. XRD and AFM studies show
that adding a small amount of Ni in the CoPt3 alloy film will promote the growth of grains and roughen
the film surface, and thus enhance the coercivity of the film. We observe also that both the coercivity and
PMA are not sensitive to the (111) preferred orientation of the (Co1−xNix)Pt3 alloy films.

PACS. 75.70.Ak Magnetic properties of monolayers and thin films – 75.50.Ss Magnetic recording materials
– 85.70.Sq Magnetooptical devices

1 Introduction

During the past fifteen years, Co/Pt multilayers [1–3] and
CoxPt1−x alloy films [4–8] have attracted much attention
as possible candidates for the high-density perpendicu-
lar magnetic recording media and the next generation
magneto-optical (MO) recording media, since they ex-
hibit good corrosion resistance and superior magnetic and
MO characteristics, such as strong perpendicular magnetic
anisotropy (PMA), high coercivity, and large Kerr rota-
tion at blue wavelengths. The PMA in Co/Pt multilay-
ers is thought to originate from the anisotropy energy
of the interface between Co and Pt layers, whose thick-
nesses are usually 2 ∼ 4 Å and about 10 Å, respectively,
and is relatively easy to be weakened by the interlayer
mixing caused by the repeated writing/erasing [4]. Hence,
CoxPt1−x alloy films are more promising for applications
in aspects of easy manufacturing and better thermal sta-
bility. In spite of this, a low Curie temperature TC is still
desirable for the MO storage media because of the high
write sensitivity and high write/erase cyclability it pro-
vides. The practical disk writing temperatures attainable
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with low-cost laser sources today are between 150 and
200 ◦C [9]. However, the Co contents of CoxPt1−x alloy
films with 100% perpendicular remanence, large PMA,
and high coercivity were reported to be in the range of
about 0.2 ∼ 0.4 at.% [5,6], and the corresponding Curie
temperatures are between 200 and 415 ◦C [5,10], which
are high for practical applications. Therefore, developing
an approach to reduce the TC while maintaining other
advantages is desirable for practical uses. Because Ni-Pt
alloy system is similar to Co-Pt in structure, lattice con-
stant, and the polarizability of Pt [11], and the magneti-
zation of bulk nickel (484 emu/cc) is much lower than that
of bulk cobalt (1422 emu/cc) [9], the partial substitution
of Ni for Co in the CoxPt1−x alloy film is a promising way
to realize the purpose. Magnetic phase diagram also shows
that the TC of Co-Ni alloy will decrease significantly with
the Ni content.

Experimentally, Ha et al. [12] reported that the TC of
Pd/Co multilayers could be reduced by the addition of Ni
in the Co layers with a concentration of 0 ∼ 0.53 at.%
while maintaining a large PMA energy. Hashimoto [13]
found that the addition of Ni into the Co layer of the
Co/Pt multilayers reduced the TC without significant
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decrease in the polar Kerr rotation and PMA, and the (Co,
Ni)/Pt disk achieved a write/erase cyclability of about ten
times higher than that of the Co/Pt disk under a constant
carrier-to-noise ratio. Hence, it is expected that by alloy-
ing Ni with Co the TC of the Co1−xPtx alloy films can
be reduced or tailored to suit some special applications.
In this article, we present an investigation on the depen-
dence of microstructure and magnetic and MO properties
of (Co1−xNix)Pt3 alloy films on the Ni concentration.

2 Experiment

(Co1−xNix)Pt3 alloy films were deposited on glass sub-
strates by dc magnetron sputtering using a composite
target with small Co and Ni chips pasted on a Pt disk.
The area ratio of Co and Ni chips to the Pt disk was
about 1 : 3. The atomic ratio of Ni to Co of the film, x,
was adjusted by varying the area ratio of the Ni chips to
the Co chips, and confirmed by Rutherford backscattering
spectroscopy and a JCXA-733 electronic probe microana-
lyzer. The chamber was evacuated below 3× 10−4 Pa be-
fore sputtering. 99.999% Ar was used as the working gas.
During sputtering, the substrate was heated to 280 ◦C
and the sputtering pressure was about 6 Pa, which turn
out to be the optimal preparation conditions for the excel-
lent magnetic and MO properties [6]. The film thickness
was estimated from the deposition time and the deposi-
tion rate calibrated with a profilemeter. In this work, the
thickness of all the films was kept at 72 nm.

The spectra of the saturated Kerr rotation and ellip-
ticity of the samples were measured by a spectroscopic
ellipsometer under a maximum magnetic field of 10 kOe
perpendicular to the film plane at room temperature. A
150 W Xe short-arc lamp was used as a continuum light
source to cover the spectral range of 1.5 − 4.5 eV. The
coercivity and Kerr rotation angle were obtained from the
polar Kerr hysteresis loop measured at a wavelength of
633 nm (1.96 eV). Crystal structures of the films were
analyzed by an X-ray diffractometer (XRD) using Cu
Kα radiation (λ = 1.54056 Å). The Curie temperatures
were determined by the Hall method described in refer-
ences [14] and [15]. Surface micrographs of the films were
obtained by an atomic force microscopy (AFM) (Auto-
Probe CP Multitask System, Park Scientific Instruments).

3 Results and discussion

The polar Kerr rotation θK and the Curie temperature TC

for the films are essentially proportional to the magneti-
zation of material. It is expected that partial substitution
of Ni for Co in the CoPt3 alloy film will reduce the mag-
netization, and thus depress the polar Kerr rotation and
the Curie temperature. This can be interpreted in terms
of the smaller Co-Ni and Ni-Ni exchange interactions as
compared to the Co-Co exchange interaction, and the pos-
sible antiferromagnetic interaction among the transition
metal atoms in the pseudobinary (Co1−xNix)Pt3 disor-
dered system [16–19]. Figure 1 shows the spectra of the

(a)
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Fig. 1. (a) polar Kerr rotation θK and (b) ellipticity ηK spec-
tra of the (Co1−xNix)Pt3 alloy films with different Ni contents:
x = 0, 0.25, 0.33, 0.66, and 1. The films are sputtered at 6 Pa
and 280 ◦C.

polar Kerr rotation θK and ellipticity ηK in the range
of 1.5 − 4.5 eV for the (Co1−xNix)Pt3 alloy films with
x = 0, 0.25, 0.33, 0.66, and 1. At the lowest photon energy
1.5 eV (wavelength 826.6 nm), the Kerr rotations of the
alloy films with x = 0, 0.25, and 0.33 are 0.184, 0.183, and
0.181◦, respectively. With the increase of photon energy,
the Kerr rotations decrease slightly at first, then increase
monotonously until reaching respective maxima of 0.45,
0.42, and 0.398◦ at about 4.0 eV (wavelength 310 nm), and
finally decrease slightly. It can be seen that in the whole
detected photon energy range, θK decreases with increas-
ing Ni content. However, the decrease is small when the Ni
content x is less than 0.33, especially in the low photon en-
ergy region. Thereafter, the θK begins to decrease rapidly
with increasing Ni content. At x = 0.66, the maximum of
θK decreases to 0.134◦, which is about one third of that
of the CoPt3 alloy film. At x = 1, both the polar Kerr
rotation and the ellipticity drop to zero, indicating that
the NiPt3 alloy film is paramagnetic at room temperature.
This result is in accord with the previous reports that the
onset point of ferromagnetism in Ni-Pt alloys at room tem-
perature is about 42% of Ni [20–22]. Figure 2 shows that
the variation trend of TC of the (Co1−xNix)Pt3 alloy films
with the Ni content is similar to that of θK : TC decreases
monotonously with increasing Ni content and the decrease
is more rapid when x is beyond 0.33. However, the mag-
nitude of the decrease of TC is larger than that of θK . At
x = 0, TC = 273 ◦C. At x = 0.33, TC decreases to 233 ◦C,
which is near to the practical disk writing temperatures
attainable with low-cost laser sources.

Figure 3 shows the polar Kerr hysteresis loops of the
above five (Co1−xNix)Pt3 alloy films. It is seen that the
films with x = 0, 0.25, and 0.33 exhibit a rectangular
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Fig. 2. The variation of Curie temperature as a function of Ni
concentration in the (Co1−xNix)Pt3 alloy films.

 

Fig. 3. Polar Kerr hysteresis loops of the (Co1−xNix)Pt3 alloy
films with different Ni contents: x = 0, 0.25, 0.33, 0.66, and 1.

hysteresis loop with a remanence ratio of near one, and
their coercivities are 1.77, 3.44, and 2.36 kOe, respectively.
These results indicate that the substitution of Ni for Co in
the CoPt3 alloy film with an atomic ratio of less than 33%
can hold a strong PMA and a high coercivity while de-
pressing the Curie temperature significantly. At x = 0.66,
the film shows a degraded narrow hysteresis loop with a
remanence ratio of about 50% and a coercivity of 0.49 kOe,
indicating that the easy axis of magnetization shifts away
from the perpendicular direction and inclines to the film
plane. At x = 1, there is no polar Kerr signals present, in-
dicating further that the NiPt3 alloy film is paramagnetic

Fig. 4. The variation of coercivity as a function of Ni concen-
tration in the (Co1−xNix)Pt3 alloy films.

at room temperature. The variation of coercivity with the
Ni content is summed up and plotted in Figure 4.

In the ordered (Co1−xNix)Pt3 pseudobinary alloy with
a Cu3Au-type (L12) structure, the Co and Ni atoms are
randomly distributed on the corner sites of the fcc unit cell
and Pt atoms occupy the fcc sites. Thus Co and Ni atoms,
which are mainly responsible for the magnetism, are in po-
sition of second (and third) nearest neighbors having 12 Pt
atoms in their shell of first neighbors [23]. However, in the
corresponding disordered alloy, which is usually formed at
low temperature, the magnetic and non-magnetic atoms
randomly occupy the corner and fcc sites, and the direct
exchange interaction between the magnetic atoms in posi-
tion of first nearest neighbors leads to a higher Curie tem-
perature than that of the ordered phase. In addition, the
Curie temperature of thin film is generally lower than that
of its bulk counterpart. In the case of CoPt3, the homoge-
neous disordered alloy has a Curie temperature of 210 ◦C,
which is 170 ◦C higher than that of the ordered one [24].
Here, the measured Curie temperature for the CoPt3 film
is 273 ◦C, which is much higher than 210 ◦C, indicat-
ing that the sputtered CoPt3 alloy film here is disordered
and inhomogeneous. This is consistent with the fact that
the film is deposited under a substrate temperature much
lower than the order-disorder transition temperature of
685 ◦C for the CoPt3 alloy [10] and no ordering process
has been involved. Because both the ordered L12 phase
and disordered phase of CoPt3 have cubic symmetry, the
uniaxial magnetic anisotropy would not be expected in the
homogeneous CoPt3 alloy films. The occurrence of strong
PMA in the above (Co1−xNix)Pt3 alloy films further indi-
cates that these films have a chemical structure anisotropy
at least in a microscale. Previous studies also indicated
that it is possible to form an alternating (111) Pt-rich
and Co-rich planar local regions in the CoPt3 alloy film
during growth, due to the Pt segregation effect allowed by
a dominant surface diffusion compared to bulk diffusion at
a proper growth temperature. Such a chemical structure
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Fig. 5. X-ray diffraction patterns of the (Co1−xNix)Pt3 alloy films with different Ni contents: x = 0, 0.25, 0.33, 0.66, and 1.

anisotropy similar to the Pt/Co multilayers is the origin
of the large PMA in these alloy films [7,24].

Figure 5 shows the X-ray diffraction patterns of the
(Co1−xNix)Pt3 alloy films with x = 0, 0.25, 0.33, 0.66, and
1 in a range of 2θ from 20◦ to 90◦. It is seen that all films
are in a crystalline state, but no superlattice peaks, the
evidence of long range ordering for the cubic L12 phase,
can be found. At around 2θ = 40.568, 47.336, 69.536,
and 83.336◦, the CoPt3 alloy film (x = 0) shows a strong
(111) peak and several minor peaks which correspond
to the (200), (220), and (311) reflections of the Co-Pt
fcc phase, respectively, indicating that the film has a
(111) preferred orientation normal to the film plane. The
d spacing of the (111) peak is 2.222 Å, which is a lit-
tle smaller than the d spacing 2.224 Å of the ordered
CoPt3. The full width at half maximum (FWHM) of the
(111) peak ∆W = 0.4957◦ and the grain size estimated
by the Scherrer’s equation D = 0.9λ/(∆W cos θ), where
D is the diameter of the grain and λ is the wavelength
of the X-ray [25], is 17.08 nm. With the addition of Ni
at a small content, the (111) peak shifts to a higher 2θ
and the peak becomes sharper and higher. For example,
at x = 0.25, 2θ = 40.856◦, corresponding to a d spac-
ing of 2.207 Å, and ∆W = 0.432◦. The enhanced (111)
peak height is possibly due to that Ni has a fcc crystal
structure whereas Co has a hcp structure [13]. The de-
creased (111) d spacing can be attributed to the smaller
atomic diameter of Ni than that of Co. The grain size
of the (Co0.75Ni0.25)Pt3 film estimated by the Scherrer’s
equation is 19.62 nm. Generally speaking, a strong and

sharp diffraction peak corresponds to a large grain size
whereas a weak and broad diffraction peak corresponds to
a small grain size. From Figure 5b we can see that the mi-
nor peaks are also strengthened and a (222) peak appears
at 2θ = 88.472◦, indicating that the lattice planes of the
grains are developed with the growth of the grains. These
results indicate that small content substitution of Ni for
Co in the CoPt3 alloy film can promote the growth of
grains and improve the (111) orientation. However, when
the Ni content x is increased to 0.33, the intensity of all
diffraction peaks decreases greatly and the (111) peak is
broadened and the corresponding grain size decreases to
13.62 nm, indicating that the growth of grains is hindered
by the large content addition of Ni. With the further in-
crease of Ni content, the film is in favor to form a fcc NiPt3
structure. It can be seen that at x = 0.66, the (111) peak
and the minor diffraction peaks become strong again and
the grains grow up to 16.07 nm. At x = 1, the film ex-
hibits a strong (111) texture and the grain size increases
to 18.31 nm.

Because both the strain and the decrease of grain size
can broaden XRD peaks, in order to verify the reasonable-
ness of the grain sizes analyzed above, AFM was employed
to measure the surface morphology of the (Co1−xNix)Pt3
alloy films. The topography images of the films with
x = 0, 0.25, 0.33, 0.66, and 1 are shown in Figure 6 and
the measured grain sizes are 56.82, 79.36, 43.60, 42.37, and
68.97 nm, respectively. These values are about 3 ∼ 4 times
larger than those estimated by the XRD. This is possible
because the grain size estimated by the XRD is along the
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Fig. 6. AFM images with a scan size 2.5 µm ×2.5 µm for the (Co1−xNix)Pt3 alloy films with different Ni contents: x =
0, 0.25, 0.33, 0.66, and 1.

direction perpendicular to the (111) face, whereas AFM
gives indications about the in-plane grain size. In addi-
tion, the values measured by AFM are influenced by the
sharp degree of the tip to some extent. In spite of this, the
variation trend of the grain size with the Ni content mea-
sured by the XRD is in accord with that measured by the
AFM qualitatively, verifying that the variation of width
of the (111) peak is caused by the change of grain size.
The root-mean-square surface roughnesses measured by
AFM for these films are 9.03, 20.8, 8.01, 13.3, and 13.9 Å,
respectively. The surface roughness of thin films is qual-
itatively related to the grain size. The smaller the grain
size, the smoother the surface.

It was reported first that the strong PMA present in
the evaporated Co-Pt alloy films was closely associated
with the good (111) texture [4]. However, later investiga-
tions showed that the large PMA in the sputtered Co-Pt
alloy films appeared to be independent of the (111) tex-
ture [26,27]. Comparing Figure 5 with Figure 3, we can see
that the films with x = 0, 0.25, 0.66, and 1 show good (111)
texture but only the former two films exhibit large PMA.

On the other hand, the film with x = 0.33 shows the weak-
est (111) texture but a relatively large PMA. Hence, in the
current case, the (111) preferred orientation is not corre-
lated with the large PMA appeared in the (Co1−xNix)Pt3
alloy films. It is well know that the coercivity Hc and
the perpendicular anisotropy energy Ku are coupled each
other and satisfy the Brown’s relation:

Hc = 2αKu/Ms − Neff Ms,

where α is a microstructure parameter related to the do-
main pinning, Ms is the saturated volume magnetization,
and Neff is the averaged local effective demagnetization
factor [28,29]. Obviously, Hc increases with increasing Ku

and is affected by the microstructure of the film such
as grain size, surface roughness, growth orientation, and
other metallographic factors. Similar to the PMA, in the
current case the coercivity is not sensitive to the (111) ori-
entation. However, on the whole, the coercivity increases
(or decreases) with the increase (or decrease) of the grain
size and surface roughness, as shown by Figures 4, 5 and 6
for x = 0 ∼ 0.66. This is in accord with the conventional
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domain wall mechanism: when the grain diameter is
smaller than the domain size, a decrease in grain size will
lead to a decrease in active volume of reversal domain
and a decrease in surface roughness will lead to a decrease
in domain-wall pinning, which both tend towards the de-
crease of coercivity.

4 Conclusions

Ni content dependence of the microstructure and magnetic
and magneto-optical properties of the (Co1−xNix)Pt3 al-
loy films has been investigated. On the whole, the addition
of Ni to the CoPt3 alloy film simultaneously decreases the
Curie temperature TC and Kerr rotation angle θK , but
the decrease of TC is more visible. When the Ni content
x is less than 0.33, the decrease of θK is quite limited and
the films still hold a strong PMA and a high coercivity, in-
dicating that the alloy films can be used for the practical
MO recording. Further increase of Ni content decreases
the θK significantly and destroys the PMA. It is found
that the addition of Ni with a small content will promote
the growth of the grains and roughen the film surface and
thus enhance the coercivity. Both the coercivity and PMA
are not sensitive to the (111) preferred orientation.

This work is supported by the Chinese National Natural Sci-
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