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Nanocomposite CoPt/Ag films have been successfully fabricated and their microstructural and
magnetic properties have been investigated for potential applications in magnetic recording media.
This was done by first making sputtered CoPt/Ag multilayers with the face-centered cubic~fcc!
structure which is magnetically soft and then annealing the multilayers to transform the fcc phase to
the highly anisotropic face-centered tetragonal phase~fct! which is magnetically hard. The final
nanocomposite structure consists of CoPt nanoparticles with the hard fct phase embedded in a fcc
Ag matrix. Large values of coercivity in the range of 1–17 kOe were achieved with grain sizes in
the range of 7–100 nm, respectively. ©1998 American Institute of Physics.
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Over the last few decades dramatic improvements h
been made in magnetic information storage systems. A
densities have increased from 1 Gbit/in.2 in 1990 to 5
Gbits/in.2 in 1998, doubling every 18 months and are e
pected to reach 40 Gbits/in.2 by the year 2004. The drive fo
higher magnetic recording density imposes the need for g
sizes below 10 nm. With such small grains, high magne
crystalline anisotropy is needed1,2 to avoid thermal fluctua-
tions and demagnetizing fields that tend to destabilize
magnetization of the recorded bits.3 Furthermore as the siz
of the particles approaches the superparamagnetic li
which for existing materials is below 10 nm, the partic
magnetization becomes thermally unstable. Recent stu
on future high density recording media have been focused
rare earth intermetallic compounds which have high anis
ropy and can be prepared with grains in the nanoscale
with Hc higher than 2 kOe.4,5 An additional important re-
quirement of such future systems is the isolation of magn
particles which can reduce interparticle exchange inte
tions and lead to systems with smaller media noise.

We have recently examined the potential of granu
CoPt/Ag films for high density media consisting of high
anisotropic CoPt particles embedded in an Ag matrix. In
past CoPt and FePt bulk alloys have been of interest
permanent magnets due to their high anisotropy
coercivity.6–8 More recently they have been studied for lo
gitudinal and magnetooptical recording media.9,10 Alloys
with equiatomic composition undergo a phase transforma
from a disordered face-centered cubic~fcc! structure at high
temperatures to an ordered face-centered tetragonal~fct! at
temperatures below 835 °C for CoPt.11 The fct phase is
highly anisotropic withK;53107 erg/cm3, Ms;800 emu/
cm3, and the easy axis of magnetization along thec axis.12,13

Most of the studies on CoPt films have been made
samples with high Co concentration.9,14 The very few studies
on equiatomic compositions have been made on unifo
single films which showed large coercivities when they h
the fct structure.15–18 The fct FePt phase withHc.20 kOe
has also been prepared in Fe/Pt multilayers after ra
3450003-6951/98/73(23)/3453/3/$15.00
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annealing.19 Very recently nanogranular Co50Pt15C35 thin
films have been made consisting of Co–Pt particles with
hcp structure in a C matrix having coercivity 1500 Oe.20 In
this study we have successfully prepared granular CoPt
films consisting of fct CoPt phase nanoparticles embedde
an Ag matrix by making first CoPt/Ag multilayers and the
annealing the multilayers to obtain the nanocomposite st
ture.

The films were made with magnetron sputtering depo
tion using cosputtering from two metallic targets of Co53Pt47

and 99.999% Ag with a diameter of 5 cm. A radio frequen
~RF! magnetron gun operating at 50 W with deposition ra
of 0.3 nm/s was used for Co53Pt47 and a direct current~dc!
magnetron gun operating at 5 W with deposition rate 0.2
nm/s was used for Ag. The base pressure of the chamber
331027 Torr and high purity Ar~99.999%! was used for
deposition at ambient temperature, at a pressure of 3 m
with a flow rate 8 sccm. The substrates used werep-type
Si~100! 600 mm thick, covered with 750 Å layer of SiNx to
reduce the surface roughness. X-ray diffraction~XRD! spec-
tra were collected with a SIEMENS D500 powder diffract
meter using CuKa radiation. Magnetic hysteresis loop
were measured with a Quantum Design MPMSR2 superc
ducting quantum interference device~SQUID! magnetome-
ter. The microstructure was examined with a Philips CM
and a Jeol JEM 2000 FX transmission electron microsc
~TEM!.

Multilayers of the composition@Co53Pt47(t1 nm!/Ag
(t2 nm)]330 with t150.5,1,2 andt250.3, 0.5, 1, and 2 were
fabricated, using a Ag buffer layer~10 nm! to reduce the
influence of the substrate and a Ag capping~10 nm! to pro-
tect the structure from oxidation. The chemical composit
of CoPt as-deposited films was checked by energy disper
x-ray analysis and was found to be near Co53Pt47. The as-
deposited multilayers with larger layer thickness have b
found to have the disordered fcc phase with a texture al
the ^111& direction. Figure 1~a! shows the x-ray diffraction
pattern of a@Co53Pt47(2 nm!/Ag ~2 nm)]30 film where the
^111& average Bragg peak can be seen, surrounded by s
3 © 1998 American Institute of Physics
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lites indicating the presence of a multilayer structure.
films with smaller layer thickness no satellites were o
served; this is attributed to interlayer roughness. The
phase was found to transform to fct upon annealing at t
peratures higher than 500 °C. Figure 1~b! shows the presenc
of superlattice peaks in a sample annealed at 600 °C for
min, indicating the presence of fct structure.

All the as-deposited films are magnetically soft wi
Hc,100 Oe. Upon annealing and subsequent transforma
to the fct structure the samples become magnetically h
~Fig. 2!. In the initial stages of ordering the coercivity is
few hundred Oe but it increases drastically with subsequ
annealing reaching values beyond 15 kOe. The maxim
value was found to depend on the layer thickness with
highest value~17 kOe! obtained in thicker layer sample
(t152 nm/t252 nm! ~Fig. 2!. Also the optimum annealing
times are much shorter at higher annealing temperature
expected. Figure 3 shows typical hysteresis loops obta
on a sample annealed at different temperatures. Prolon
annealing leads to the development of a shoulder in the
magnetization curve. Values of reduced remanence,mr

5Mr /Ms found from the hysteresis loop data~with values
of Ms determined from the law of approach to saturation! are

FIG. 1. XRD patterns of a Co53Pt47 ~2 nm!/Ag ~2 nm! film of ~a! as-
deposited multilayer showing a preferred~111! texture and~b! sample aged
at T5600 °C where the ordered fct phase appears.

FIG. 2. Development of coercivity with annealing time atT5550 °C in
different CoPt/Ag samples.
Downloaded 01 Apr 2013 to 195.251.197.48. This article is copyrighted as indicated in the abstract.
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in the range 0.62–0.85 with the larger values obtained
underaged samples.

Another important parameter that is needed for no
reduction in such systems is the magnetic isolation of
particles. In Fig. 4, dM plots21 for @Co53Pt47(2
nm)/Ag~2 nm!] 30 annealed at 500 °C for 2 h and an fct
Co53Pt47 single film annealed at 700 °C for 1/2 h prepar
under the same conditions are compared. The Co53Pt47 single
films exhibit strong exchange interactions, while in the nan
structured material only a small amount of dipolar intera
tions is present, which is a characteristic of isolated sin
domain particles.

The evolution of microstructure with the ordering tran
formation to fct~induced by annealing! has been monitored
by TEM in order to be correlated with the sample magne
properties. The results are shown in Figs. 5~a!–5~c!, for a
t150.5 nm/t250.3 nm sample annealed at 600 °C for 5, 1
and 20 min, respectively. Selected area diffraction sho
that the sample consists of fct CoPt and fcc Ag. The CoP
in the form of small grains randomly distributed in the A
matrix @Fig. 5~a!#. Samples annealed for 5 min havingHc

50.8 kOe consist of very fine grains in the range of 7–
nm @Fig. 5~a!#. The size of grains and thereforeHc are in-
creased with annealing to 20–50 nm at 10 min (Hc53.8
kOe! and 20–70 nm at 30 min (Hc511.0 kOe!. The size of
CoPt grains is significantly increased with long anneal
times reaching values in the range of 20–100 nm@Fig. 5~d!#.

FIG. 3. Typical hysteresis loops for Co53Pt47 ~2 nm!/Ag ~2 nm! films an-
nealed for 2 h atdifferent temperatures.

FIG. 4. dM plots for ~a! fct CoPt single film~light symbols! annealed at
700 °C for 1/2 h and~b! nanostructure~dark symbols! after annealing at
500 °C for 2 h.
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The particles sizes determined from the TEM measu
ments are well below those predicted22 for the upper limit of
the CoPt single domain particle sizeDsd50.61 mm (Dsd

51.4g/Ms
2 assuming13 a domain wall energy densityg

528 erg/cm2 and Ms;800 emu/cm3). The values of the
maximum coercivities obtained approach those predicted
single domain CoPt particles. For a random distribution
single domain particles with uniaxial anisotropyK, Hc

;K/Ms;19 kOe22 assumingK;53107 erg/cm3.12,13 The
lower values ofHc obtained in the early stages of orderin
are possibly due to the smaller particle size and to
expected22 usual decrease ofHc (12D23/2) because of ther-
mal effects. The shoulder in the demagnetization curve,
served in all samples annealed for longer times, is poss
related to a nonuniform microstructure with grain sizes
low and above the single domain size with the latter show
a low Hc multidomain behavior. Another possibility is th
presence of soft CoPt3 but because of texturing and the ove
lapping of major peaks in electron diffraction patterns, TE
studies are at this point inconclusive. Optimization stud
including magnetic annealing are under way to determine
sputtering and processing conditions for the ideal microstr

FIG. 5. Evolution of microstructure with annealing time;~a!, ~b!, and ~c!
refer to a Co53Pt47 ~0.5 nm!/Ag ~0.3 nm! sample annealed at 600 °C for 5
10, and 20 min, respectively;~d! refers to a Co53Pt47 ~2.0 nm!/Ag ~2.0 nm!
sample annealed at 550 °C for 240 min.
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ture with the desired magnetic properties. Similar studies
also being made on FePt/Ag.

In summary, we have successfully prepared CoPt/
films consisting of highly anisotropic fct CoPt nanoparticl
embedded in an Ag matrix. The size of the CoPt partic
can be changed from 7 to 100 nm upon annealing. The
ercivity of these nanoparticles can easily be tailored fr
values less than 1 kOe up to several kOe by varying
annealing temperature and time and the relative CoPt
composition. The magnetic and microstructural properties
these systems show that they may have a great potentia
application in magnetic recording media, although major i
provements are needed for the development of a prac
medium.
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