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Phase separation of Co-W sputtered thin films having a large magnetocrystalline anisotropy energy
have been investigated. A nanoscale compositional fluctuation caused by magnetically induced
phase separation was directly confirmed in the films deposited on a heated substrate in analogy with
Co-Cr-based alloys. The difference between the phase separation features in Co-W and Co-Cr is
attributed to the difference in their elastic energy. It is expected that the phase separation is enhanced
by selecting optimum sputtering conditions. The Co-W system, therefore, is considered to be a
promising candidate as a base alloy system for high-density recording me@@0£©American
Institute of Physics[DOI: 10.1063/1.1793334

Co-Cr-based sputtered films are in the current of high-easily developed during the deposition of Co-W thin films on
density longitudinal magnetic recording mediand also a heated substrate. Namely, the Co-W thin films are expected
promising materials for perpendicular magnetic recordingo be promising as next generation high-density magnetic
media’ The Co-Cr-based film is made up of Co-rich ferro- recording media. In our recent wotk,an annealing of
magnetic hexagonal-closed-packétcp nanosized grains Co-W hcp alloy films at 773 K enhances the saturation mag-
surrounded by a Co-poor paramagnetic hcp pfaShis  netization and the Curie temperature, suggesting that the
unique compositional modulation weakens the interparticlqnagnetica||y induced phase separation is enhanced by an-
exchange interaction between the ferromagnetic grains, rerealing.
sulting in improvements of recording resolution as well as | the present study, the nanoscale compositional fluc-
significa.nt recording noise reduction;. Such. a compositiona|,ation of W developed in Co-W films is directly observed
modulation due to the magnetically induced phase,, 5 scanning transmission electron microscope equipped

separatiofi® in a hcp phase is easily developed during theyith an energy dispersive x-ray analyz&TEM-EDX). Fur-

thin-film growth process on heated substrates around z%ermore, the thermodynamic calculations are carried out by

500-700 K3 o .
For increase of recording densities, both much higherqonSIdermg th_e effec_t of elastic energy on the phase separa
tion behavior in the film.

magnetocrystalline anisotropy and enhancement of magnetic A Cr(100 buffer layer 20 nm in thickness and a Co-

isolation between constituent ferromagnetic grains are re- 1101 50 thick toiall
quired. Therefore, a number of intensive studies have beeW( -0 layer o nm thickness yvere epitaxially grown 9”
focused on how to promote the magnetic isolation as well a& NaCl100 substrate by a sputtering method. The sputtering

the enhancement of magnetocrystalline anisotropy energgh@mber had a base pressure of less thari®’ Torr. The
(MAE) by utilizing high magnetocrystalline anisotropy ma- depositions were carried out at an argon gas pressure of
terials, such as FePand CoPf. According to systematic 5m Torr. The Cr layer was deposited at 423 K by using a dc
studies on the MAE of Co-based hcp alloy thin films, thesputtering and the Co-W layer was deposited at room tem-
value of the MAE for Co-Md, Co-W, and Co-P¥ alloy ~ perature and 573 K by an rf sputtering. The C¢2/-0
films is larger than that of Co-Cr films. It should be noted layer showed a bicrystal growth on ©01) with the crystal-
that the MAE of the Co-W alloy films is several times higher lographic orientation Na@)01)[100]/Cr(001)[110]/Co-

than that of the Co-Cr films in the composition range Cow)(11-0[00-1]. The film compositions were determined as
-(5—20 at. %9 W.” In addition, the metastable miscibility Co-11.9 at.% W by an electron probe micrcoanalyzer. The
gap associated with the Curie temperature line has been prgnagnetic properties were measured with a vibrating sample
dicted from the thermodynamic calculations for the Co-Wmagnetometer. The STEM-EDX was used to investigate the
systent" in analogy with the Co-Cr system. Accordingly, itis |ocal compositions in the films. For electron transparency,
expected that a nanoscale compositional fluctuation of W igne sybstrate was dissolved in water and the Cr layer was
removed by ion milling. Each point analysis was conducted
¥Electronic mail: k-oikawa@aist.go.jp at 200 kV with a spot size of 0.7 nm.

0003-6951/2004/85(13)/2559/3/$22.00 2559 © 2004 American Institute of Physics
Downloaded 09 Jul 2008 to 130.34.135.158. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1793354

2560 Appl. Phys. Lett., Vol. 85, No. 13, 27 September 2004 Oikawa et al.

1000} Co-11.9 at.%W

8]

o

o
1

°)
T
*n
LJ ¥

@domain a
©domain b

M [emu/cc]

----R.T.
42 o0 2z 4
Magnetic field [kOe]

FIG. 1. Magnetization curves of Co-11.9 at % W films deposited at room
temperature and at 573 K.

e 10 20
Figure 1 shows the in-plane magnetization curves of the Position [nm]
films measured along the NCILO] direction. The satura- _ _ _
. . L . . FIG. 3. Several kinds of data for Co-11.9 at % W film deposited at 573 K:
tion magnetlzgtlon\ﬂs an.d coercivityHe g've_n by the solid (8 TEM bright-field image,(b) the corresponding SAD patterii¢) the
curve for the film deposited at 573 K are slightly larger thanindexed-electron-diffraction patterig) STEM bright-field image, ande)
those represented by the dashed line for the film deposited &te local composition at the numbered positions.
room temperature. Note that the relatively large valuélpf
for the film depOSited at room temperature is associated Witl&hase Separation of the hcp phase takes p|ace during the
a large value of MAE. The temperature dependenceM$  deposition.
of the film deposited at 573 K is given in Fig. 2. Tités The compositional fluctuation of W in the Co-W hcp
curve changes in the slope around at 300 K. Note thalvtbe  alloy film was confirmed by STEM-EDX examinations and
behavior can be well reproduced by superposition of the twanagnetic measurements. According to thermodynamic
Brillouin functions with the different Curie temperatufe  calculations:> a metastable two-phase miscibility gap of hcp
(the dashed line with a low, and the solid line with a high associated with the Curie temperature line has been pre-
T.), suggesting that two phases with the differ&ptcoexist  dicted; that is, this fluctuation is considered to occur due to
in the film. These magnetic properties are very similar tothe magnetically induced phase separation, just as the Co
those of Co-Cr sputtered filmté,regarding as a supporting -Cr systent'® However, the spread of the compositional
evidence of the compositional fluctuation in films. fluctuation of W in the Co-W film is depressed in compari-
Figure 3 sets out the results of the STEM-EDX observa-son with that of Co-Cr films? although the calculated mis-
tion of the Co-W film deposited at 573 K. For the TEM cibility gap of the magnetically induced phase separation in
bright-field image, the corresponding selected area electrorS0-W system is very similar to that of the Co-Cr systém.
diffraction (SAD) pattern and the indexed electron- In other words, the phase separation in the film does not
diffraction pattern are shown in Figs(é3-3(c), respectively. ~ arrive at the equilibrium state, which depends not only on the
Because of its bicrystalline structure, the SAD pattern conelement diffusivity but also on the elastic energy introduced
sists of two different types of domains with thexes of hcp, by the coherent lattice misfit between two phaSeFhe
being at right angles to each other, as seen from Rig. 3 composition dependence of the lattice constant of the
Only a disordered hcp structure can be identified from theCO-W system is larger than that of the Co-Cr systérand
SAD patterns of the film. The local composition was exam-hence the effect of the elastic energy on the phase separation
ined at the positions numbered in the STEM bright-field im-cannot be ignored. Therefore, the thermodynamic calcula-
age shown in Fig. @)). The nanoscale compositional fluctua- ions have been conducted by taking the effect of the elastic
tion of W is clearly confirmed as shown in Fig(e} The  €nergy into consideration. The free enef@ys given by the
composition analysis was carried out in several local areas iRYM of the chemical energficr.m the magnetic contribution
the views. Each position is given by the relative distancd®™ Gmag and the elastic strain energyeiasio as follows:
from the position 1. The minimum and maximum values are G=Gu +G +E.. (1)
4.7 and 17.0 at. % W, respectively, bearing out that the two- ~ chem ™ Pmag ™ “elastio
whereGgpemandGp,4are described by a subregular solution
model and the Hillert-Jarl descriptidf,respectively, as in

900 the previous report’%.11 Eglasiic IS €xpressed by Cafihas
)
<\é Eelastic= 772Y(C - CO)Zva (2
9, 7 where 7 is the linear lattice expansion per unit composition
g 250k i change,V,, the molar volumeg the local composition, and
cot e S AW co the average compositionY=[2C;;+Cgs+2(Cyp+2C;9)
700 —(Cy1+Cyp+C39)2%/C33)/ 2 is the elastic constant of the elas-

0 100 Z.I‘lgm Sg?atu“rgo[K]soo 600 tically soft direction which is the-axis direction in hcp Co.
Here,Cj; is the elastic stiffness constant. The valuels’ @ind
FIG. 2. Temperature dependence of the saturation magnetizsitioof a n are evaluated from the available data as 3'%ahd

Co-11.9 at% W film deposited at 573 K. 0.1222% respectively.
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0 T —7 T paramagnetic phase surrounds a Co-rich ferromagnetic
-1000 e g 573K hase. The microstructure is sensitive to the volume of each
= " eerocany pnase. net . .
S -2000}- _g:som.‘_em(g,,,eehsuc J phase. The increase of the W-rich phase would bring about
3 3000l (°°"s'°'}‘7 ] such desirable microstructures by changing the volume ratio
3 (/ of the matrix phase.
g 000f 7 K~ HCPoe T In summary, the magnetically induced phase separation
g 5000 AV -~ N\ l = of Co-W sputtered thin films has been investigated. The
= 6000 | HCPremo " - 4 compositional fluctuation of W was directly confirmed in the
7000 ) . el film deposited on a heated substrate. The difference between
0 20 40 60 80 100 the phase separation features in Co-W and Co-Cr originates
(a) W content [at. %] from the difference in their elastic energy. It is expected that
1500 —_ — the phase s_e_paration is enhanced by selecting optimum_sput-
y JR— S, Vo tenng conditions. Consequently, the Co-W sputtered films
g 180073 7 o i are promising as next generation high-density magnetic re-
2 4400 AT r4—stable cording media, because they exhibit the magnetically in-
B i Eg%he(er};m;f duced phase separation with a large magnetocrystalline an-
[ 3 X ) miscibl _gap H
S 900 N N\eonerent isotropy energy.
° \ ¢ HCP miscibility gap
700 1 TRee N i The present study was supported by the CREST Program
500] T \ L of the Japan Science and Technology Agency, and the 1T21
0 10 20 30 40 50 60 Program under Grant No. RR2002 and SRC.
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