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Abstract—The magnetic properties, microstructure and the Il. EXPERIMENTAL

recording performances of CoCrPt-(Ta, B)/TiCr perpendicular . . .

magnetic recording media were studied in conjunction with the ~ COCrPt-(Ta, B)/T§oCrio perpendicular media were pre-
effect of thermal agitation. The addition of Ta or B to CoCrPt pared on 2.5 glass disks using a dc magnetron sputtering
(rjnedia sirg];nificgntly imp;oves its low n(()jise perform?nce, mainly system. Three kinds of sputtering target, -@0r:Pty,

ue to the reduction of grain size and intergranular magnetic _
interactions. However, adding Ta or B also reduces the value of E%SCIEOPtIOTa%.an? C%?EOT#OE4 Weref tﬁsed fOILjISpult
perpendicular magnetic anisotropy, K,,, especially in the initial ering grecor Ing layer. The thic pess 0 grecor ing gyer
growth layer, resulting in the degradation of thermal stability. In ~ Was varied from 10 to 50 nm, while the thickness of TiCr
order to achieve high thermal stability without degrading the low underlayer and carbon overcoat was fixed at 15 nm and 8 nm,
noise performance of these media, aiZ,. /M value of nearly 1.0 respectively.
is required. This may be achieved by suppressing of the reduction The coercivityH.., the squarenesa/, /M, and the satura-
of K, and the reducing intergranular magnetic interactions, tion ma netizatiorj\z were measured stins ibrati |
whilst maintaining their small grain size. 9 s . gavi ra_lng s_amp €

magnetometer (VSM). The perpendicular magnetic anisotropy

K, was measured by a torque magnetometer. The “intrinsic”
remanence coercivityly, which is the remanence coercivity
without the effect of thermal agitation, and the thermal stability
|. INTRODUCTION parametet{,, V/kT were obtained by using a pulse field mag-

netometer [5], [6]. The microstructure of the film was analyzed

OW MEDIA noise performance and high thermal stability . _ . o )
are strongly required for perpendicular recording medi$sing X-Ray Diffraction (XRD) and Transmission Electron Mi-
croscopy (TEM).

to achieve recording densities of greater than 100 Gbit/in A . .
CoCrPt based material is one of the promising candidat; SRecordl_ng performa_lnce was characterized using a MIG head
for the recording layer due to its large magnetocrystalli r rlgcr?rdljn%q (tracl; \g'dtr zhzm|1d gap Ileng:rr: g.ﬂtm)datndi
anisotropy, which results in media that is resistant to therm M cad Tor read back (shie gap leng lm‘_‘a” rac

1dth 0.75,:m). Media noise was estimated as an integrated read

agitation. However, it is well known that the addition of Pt t K inth ¢ ¢ 0 t0 90 MH biracting th
CoCr based media gives rise to relatively large media noi Cerazvi\geergc])urgespec rumfrom ©to Z, subtracting the

because the intergranular magnetic interactions and also %
grain size may become larger due to insufficient Cr segregation
to the grain boundaries [1]. Several studies were carried out to [ll. RESULTS AND DISCUSSIONS
control the microstructure of the CoCrPt based perpendicu!&r
media by adding another element such as Ta [2], Nb [3]and Y _
[4]. Fig. 1 shows the dependence Hi. of the CoCrPt-(Ta, B)

In this paper, Ta and B are focused on as the additivesf¢dia on the magnetic layer thickness. For thicknesses greater
CoCrPtalloy films to reduce intergranular magnetic interactiofdan 30 nm, the addition of Ta or B significantly reduces the
and grain size. The relations between the magnetic propert¢@lue of . from more than 3 kOe te-1.8 kOe when Ta is
microstructures and the recording performances of CoCrPt-(félded, and te-2.2 kOe when B is added. Moreover, for all
B)/TiCr perpendicular recording media are discussed in cote media studied, below a thickness~a80 nm H. is seen to
junction with the thermal agitation to reveal the effect of addinggduce with thickness. of the CoCrPtTa and CoCrPtB at the
Ta or B to CoCrPt. thickness of 20 nm drops t91.0 kOe, while that of CoCrPt at

the same thickness remains at more than 3 kOe.
M, /M, also shows similar thickness dependence for these
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Fig. 1. The dependence & . of the CoCrPt-(Ta, B) media on the magnetic Magnetic layer thickness (nm)

layer thickness.
Fig. 2. The dependence éf., and M, of the CoCrPt-(Ta, B) media on the

TABLE | magnetic layer thickness.
GRAIN SiZE OF THE CoCrPt-(Ta, B) MDIA

1.0 T T
Magnetic Grain size (nm)
Layer from TEM from XRD o8k 1
CoCrPt ~14 12.2 CoCrPIBTIC
¥ 1or
CoCrPtTa ~10 8.2 0.6F S .
CoCrPtB -8 — = =
T
a diffracted peak was too small to calculate the grain size. 0.4r CoCrPYTiCr \ ’
L . CoCrPtTa/TiC
Table | shows the average grain size of the magnetic layer g of oCrPtTa/TICY J
of CoCrPt-(Ta, B) media, obtained from the TEM images and
from the grazing incidence XRD using Scherrer’s formula to the
FWHM of hcp-(100) peak. Measured values of grain size ob- o,o0 2'0 4'0 50

tained from XRD and from TEM were in good agreement qual-
itatively, though the size obtained from XRD is smaller than that
from TEM because of the effect of the lattice distortion. Graip,, 5 The dependence df,/H, of the CoCrPt-(Ta, B) media on the
size obtained from TEM observation decreases from 14 nm ,eignetic layer thickness.

CoCrPt to 10 nm and 8 nm by adding Ta and B, respectively.

These results indicate that the addition of Ta or B is very effegitial growth layer of the magnetic layer, such as stacking

Magnetic layer thickness (nm)

tive in reducing the grain size of the magnetic layer. faults or the effect of the lattice misfit with the underlayer.

] ) ) Fig. 3 shows the thickness dependencetqf/ H;, of the
B. Perpendmular Amsotropy,_I_ntergranular Magnetic CoCrPt-(Ta, B) mediaH,/H, for all media gradually in-
Interaction and Thermal Stability creases with decreasing thickness because of the reduction of

Fig. 2 shows the dependence &, and M, of the intergranular magnetic interactions [5]. The valueH/H;
CoCrPt-(Ta, B) media on the magnetic layer thickness. Tlo¢ ~0.55 for CoCrPtB at the thickness of 30 nm is the largest
addition of Ta or B significantly reduces the value Af,, value of all samples discussed here. The addition of B is likely
and thekK,, of all media drastically decreases in the thicknegs be effective in the reduction of the intergranular exchange
region of less than 20 nm. While thd, of all media decrease interaction, which must be caused by the enhancement of the
slightly in the thin thickness region. The anisotropy fid¢kl, Cr segregation to the grain boundaries.
calculated a2 K, /M, of CoCrPt, CoCrPtTa and CoCrPtB at Fig. 4 shows the thickness dependence FofV/kT of
the thickness of 30 nm were 11.1, 9.1 and 9.0 kOe, respectivéhe CoCrPt-(Ta, B) media. Th&,,V/kT for all media de-

It is considered that the degradationfof, in the thin thickness creases monotonically with decreasing thickness. The value
region is caused mainly by the structural imperfection of thef K,V /kT of CoCrPt was more than 300 at a thickness of
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Fig. 4. The dependence df..V/kT of the CoCrPt-(Ta, B) media on the Fig. 5. The recording density dependence of SNR of CoCrPt-(Ta, B) media.
magnetic layer thickness.

while those ofa\Imost 20% of the signal rec!uction was observed within 100 sec-

onds after the recording. This fact indicates that the recorded bits
on the media discussed here are thermally unstable, especially
%t low recording densities.

It is thought that the thermal instability of the media that re-
sults from the addition of Ta or B is mainly due to the low
M, /M, value of~0.5, which means the large demagnetizing
field strongly affects the magnetization at the remanent state. In
h%rder to realize high thermal stability, i.e. to realize the value

of M,./M, of ~1.0, the following must be effective for CoCrPt
ased media:

30 nm indicating its high thermal stability,
CoCrPtTa and CoCrPtB were almost same~di00 for the
same thickness. It is considered that the reductioR o¥ /kT
resulting from the addition of Ta or B is caused mainly by th
reduction of the grain size, and by the reduction of #ig
shown in Fig. 2. Activation Volumé/,., was calculated from
the measured values &f,V/kT and K,,, and the activation
grain diamete),,.. was also estimated froi, .. by assuming
a cylindrical grain with a height equal to the thickness of t
film. The value ofD,; at the thickness of 30 nm was 16.0 n
for CoCrPt, 11.4 nm for CoCrPt and 10.8 nm for CoCrPtB; ) ]
which were qualitatively in good agreement with the actual 1) £ Should be much more increased against the demag-
grain size obtained from TEM observation, however, estimated ~ Netizing energyﬁlj\/.[?_ Improvement of the structural im-
D,.. for all media is slightly larger than the actual grain size. In ~ Perfection of the initial growth layer of the magnetic layer
this study,&, V/kT is measured at the field of the remanence by changing the sputtering conditions or the underlayer
coercivity H,., in Fig. 4 The dependence df,V/kT of the material should be effec_t!ve to suppress the reduction of
CoCrPt-(Ta, B) media on the magnetic layer thickness which ¥« caused by the addition of Ta or B. Moreover, the
the magnetostatic dipole interactions can couple some grains Cchoice of suitable compositions to get much largér
together, resulting in the enhancement of the thermal stability  Valué must be important in CoCrPt based material.

of the grain. Therefore, the measured valuekofV/kT" and i) Ho/Hy _should _be increased, that is, the intergranular
calculated value o¥,., at theH,. state can be larger than those magnetic coupling should be much more reduced. The
at the remanent state. Moreover, the activation volume is likely ~ Slope of the magnetization curve of CoCr based media
to consist of a few coupled grains by the residual intergranular ~ Naving well-segregated grains is likely to bel/4r [7]

exchange interactions. due to the demagnetizing field normal to the film plain,
therefore the largéf, / Hy value leads to a larg/,. /M,
C. Recording Performances value directly. The values df/H}, of the media studied

here are smaller than the achievable maximum value,
~0.7, [5], [7] and further reduction of the intergranular
exchange coupling is necessary for CoCrPt based media.

Fig. 5 shows the recording density dependence of SNR of
CoCrPt-(Ta, B) media. The value of SNR at 200 kFCI was
~24 dB for CoCrPt,~30 dB for CoCrPtTa, and-32 dB for
CoCrPtB, respectively. It is clear that the addition of Ta or B
is significantly effective in the reduction of media noise. SNR
improvement by adding Ta or B is considered to be mainly due The magnetic properties, microstructures and the recording
to the reduction of the grain size and the intergranular magnepierformance of CoCrPt-(Ta, B)/TiCr media were discussed in
interactions. conjunction with the effect of thermal agitation. Addition of Ta

Time decay of the read back signal of CoCrPtTa and CoCrPtB B significantly improves the recording performances due to
media was measured at a recording density of 2 kFCI, howewe reduction of the grain size and the intergranular magnetic

IV. CONCLUSIONS

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 03,2010 at 21:49:51 EST from IEEE Xplore. Restrictions apply.



1598

interactions. On the other hand, the valugqf and K, V/kT

also reduces with adding Ta or B resulting in poor thermal sta-
bility, especially of recorded bits at low recording densities. In
order to achieve both high thermal stability and low-noise per-[3] J. Ariake, N. Honda, T. Keitoku, K. Ouchi, and S. Iwasaki, “Nb addition
formances for CoCrPtTa and CoCrPtB media, suppression of

the reduction off,, and reduction of the intergranular magnetic 4]

interactions must be the key issues.
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