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Effects of Very Thin Carbon Seedlayer on Formation
of hcp Phase for CoCrPtB/ggCry) Perpendicular
Magnetic Recording Media
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Abstract—This paper reports on significant improvement pressure of 6.% 107! Pa. The composition of the magnetic
of magnetic properties for CoCrPtB/CosoCrao perpendicular |ayer and the intermediate layer was fixed ats§%r;oPtB,
recording media by utilizing very thin C seedlayer even with and C@oCruo, respectively. The thickness of the magnetic layer

the thickness of less than 1 nm. This is caused by the following d b tective | 30 and 7 tivelv. T
microstructural characteristic: 1) the C seedlayer, heated to higher and carbon protective layer was an nm, respectively. 10

than 200 °C, reacts with CoCr intermediate layer, and results in control the growth of the CoCr intermediate layer, seedlayer
the formation of nanocrystalline layer with the thickness of about of C or NigoNbyg is sputtered between the underlayer and the
6 nm; 2) Cr-deprived hcp grains with Cr segregation structure  jntermediate layer.

grow on the nanocrystalline layer without forming o-phase grains For structural analysis, the X-ray diffraction (XRD) pro-

in the intermediate layer; 3) CoCrPtB magnetic layer epitaxially . . . )
grows on the intermediate layer without forming initial layer, 11€S were examined by conventional method (XRIP, — w

which behaves as soft ferromagnetic layer and degrades magneticScan) and Grazing incident angle method (in-plane XRD;
properties of the media. 26, scan) using Cus« radiation. In the case of in-plane

Index Terms—e-phase, C@oCr40 intermediate layer, epitaxial XRD, the |nC|d(_ant angle Was 0.4 which correspor?ds. to
growth, very thin C seedlayer. about 20-nm-thick penetration of X-ray from the incident
surface. The microstructure was examined by cross-sectional
transmission electron microscopy (TEM). The magnetization
curve, saturation magnetization, and perpendicular magnetic

OR CoCr-based perpendicular recording media, it has besmisotropy were evaluated by polar Kerr equipment, vibrating
pointed out that media with low perpendicular loop squaréample magnetometer (VSM), and torque magnetometer,
nesg S) show large media noise due to the formation of reversegispectively.
domains [1]. As an attempt to increaSeelimination of initial
growth layer in CoCr-based recording layer by using epitaxial
growth on Cr-rich CoCr-based intermediate layer has been re- . RESULTS AND DISCUSSION
ported [2]-[5]. However, few papers discussed the relationship . .
between the improvement of the magnetic properties and the Efféct of Seedlayer on Magnetic Properties for
structure of CoCr intermediate layer. In this paper, we show tHaPCrPtB/CoCr Media
magnetic properties for CoCrPtB/CoCr media are significantly Amorphous material is considered to be a promising can-
improved by utilizing a very thin C seedlayer, and we clarifgidate for a seedlayer due to its relatively low surface energy
the effect of the C seedlayer on the growth of CoCr interméian that of CoCr intermediate layer and Ti underlayer [7].
diate layer from the view point of phase formation. Therefore, we chose amorphous C andiyNby as seed-
layer materials. Fig. 1(a) shows the magnetic properties for
CoCrPtB/CoCr media deposited on Ti underlayer without and
Il. EXPERIMENTAL PROCEDURE with C or NiNb seedlayer (1 nm) as a function of substrate

. o . ) temperature?.,,.. For the media without seedlayer, perpen-
CoCrPtB perpendicular thin film media were fabricated by jar coercivity,H, and loop squareness show the values

dc magnetron sputtering method on glass disk substratesopfnea”y zero atl,y, = R.T.. With increasinglL., , H.
65 mm in diameter, using the so-called ultraclean sputtering ¢ spow two—stg;:) increase at aroufi, — 150 °C and
system [6]. Underlayers of 25-nm-thick Ti or Tawere depositesbq o The two-step increase of magnetic properties against

on the substrate at room temperature. The disks were t@esn was also observed for the media with NiNb seedlayer
heated by quartz lamp and their temperatures were checkg foundrsub — 200 °C and 300°C. For these media, high

by radiation thermometer calibrated by infrared (IR) radiatiogy 44 highS (H. > 2.5 kOe andS > 0.85, for instance)

of 25 nm-thick Ti film. The sputtering was made under Ag e ot realized consistently. On the other hand, for the media
with C seedlayerH. and .S show one-step increase against
Manuscript received February 14, 2000; revised May 24, 2002. T, and take significantly high values of 3.5 kOe and 0.88
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School of Engineering, Tohoku University, Sendai 980-8579, Japan (e—mailt;o Sléft'es for CoérPtB/CoCr media on Ta underlaver with and
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Fig. 1. Magnetic properties as a function of substrate temperature for :
1 1 n 1

CoCrPtB/CoCr media fabricated on (a) Ti underlayer and (b) Ta underlayer. Lt L L
The thickness of C or NiNb seedlayer was fixed at 1 nm. 38 40 42 44 46 48 38 40 42 44 46 48

26, (deg.) 246, (deg.)

Fig. 3. In-plane XRD profiles for CoCr(20 nm) thin films (a) without and
(b) with C(1 nm) seedlayer on Ti underlayer fabricated at various substrate
temperatures. The insets show g, dependence of lattice constanandc

of hcp grains in CoCr films.

B. Effect of C Seedlayer on Phase Formation in CoCr Layer

Fig. 3 shows the in-plane XRD profiles for CoCr(20 nm) film
on Tiunderlayer [Fig. 3(a)] without and [Fig. 3(b)] with C(1 nm)
seedlayer fabricated at variolig,;,. . The insets in Fig. 3(a) and
(b) show theT;, dependence of lattice constantand ¢ of
hcp grains in CoCr films evaluated from in-plane diffraction of
(100) plane an@f — w diffraction of (002) plane, respectively.
For the CoCr film without C seedlayer, as seen in Fig. 3(a), a
diffracted line from hcp(100) plane at arou@d, = 41.0° is
Fig.2. Dependence of magnetic properties on (a) C seedlayer thickness an(?&’)?e_rved In_th@S“b~ range fromR.T. t(_) 25_0C. HOW_ever' f_OI’
CoCrintermediate layer thickness is shown for CoCrPtB/CoCr media fabricatite film fabricated aify,. = 300 °C, this diffracted line shifts
at 250°C. toward 26, = 41.7° and another diffracted line from(330)

plane becomes observed2#t, = 43.6°. Note thats phase is
show two-step increase againsknown foran interme.tallic compound with Cr composition from
24 to 66 at.% and with the space group ofA#nm [8]. Lat-
tice constants andc of the hcp phase drastically change in the

and take high values of 3.5 kOe and 0.85, respectively. Nofe:b- fange from 250 to 300C. Therefore, it is suggested that

that the conversion of the emissivity to temperature for varioﬂgcocir films without C seedlayer fabricated@t,,. from R.T.
kinds of thin underlayers is very difficult, therefore, it is hard® 290°C, c-plane oriented hcp grains with Cr-rich composition
to compare the absolute valuesif,, . are formed, while for the films fabricated @i, higher than

Fig. 2(a) shows?, and$ as a function of C seedlayer thick-3_oooc* o grain_s are prgcipitated an(_j residual hcp matrix con-
ness for the media with CoCr intermediate layer (20 nm) on $i5ts of Cr-deprived grains. The coexistence ofitted the hep
underlayer fabricated &t,,, = 250 °C. For the media without 9rains is also confirmed by TEM method [9].

C seedlayerH, and S show the values of 3.0 kOe and 0.68, On the other hand for the CoCr films with C(1 nm) seedlayer
respectively. However, utilization of C seedlayer with the thici@S seen in Fig. 3(b), a diffracted line from hcp(100) plane at
ness of 0.5 nm or more improves bafh, and S up to high around2f, = 41.0° is observed in thd;.;,. range from R.T.
values of about 3.5 kOe and 0.85-0.90, respectively. Fig. 2{)150°C. For the film fabricated af%.., over 200°C, this
showsH, andS as a function of thickness of CoCr intermediatéliffracted line shifts t@26, = 41.3° without formation of the
layer for the media with C seedlayer (0.1 nm or 1.0 nm) de-phase. Lattice constantsandc of the hcp grains drastically
posited on Ti underlayer fabricated&t,, = 250 °C. Within- change in thé},,,. range from 150°C to 200 °C. These data
creasing intermediate layer thickne&k,andS increase monot- suggest that in CoCr film with C(1 nm)-seedlayer, the Cr-rich
onously and reach to their maximum valueslgtc, = 10 nm hcp grains was formed &t,,;,. lower than 150C, and atl’,,,.

for the media withde = 0.1 nm and atlc.c. = 15 nm for the more than 200C, hcp grains with less-Cr are formed due to the
media withdg = 1.0 nm. Cr segregation.

with Ti underlayer,H. and S
T.u,. for the media without seedlayer, while for the medi
with C seedlayer, they show one-step increase agdingt
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Fig. 4. Dependence of initial layer thickness in magnetic layer on
substrate temperature for: (a) CoCrPtB/CoCr(20 nm)/C(1 nm) media; (b
CoCrPtB/CoCr(20 nm) media; and (c) CoCrPtB media on Ti underlayer.

Fig. 5. Bright field image (top-left), dark field image (top-right), and electron

C Epitaxial Growth of CoCrPtB/CoCr Media With C diffraction patterns (bottom) obtained by cross-sectional TEM for the CoCrPtB
) media with CoCr(20 nm)/C(1 nm) intermediate layer on Ti underlayer
Seedlayer fabricated aff,1,, = 250 °C.

Fig. 4 shows dependence of the initial layer thickness in

magnetic layerdisi., onZu. for [Fig. 4(a)] CoCrPtB/CoCr(20 heateq to higher than 20 reacts with CoCr film, and results
nm)/C(1 nm) media, [Fig. 4(b)] CoCrPtB/CoCr(20 nm) medig, 16 formation of nanocrystalline grains in the initial growth
and [Fig. 4(c)] CoCrPtB media fabricated on Ti underlayer. Trﬁage of intermediate layer.

value ofd;,; was determined from the perpendicular magnetic Consequently, for the CoCrPtB/CoCr/C media, it is found

anisotropy analysis,"7 " X dinag, VS. dmag. POt [10]. Forthe a4 ¢ seedlayer promotes the formation of Cr-deprived hcp

media [Fig._4(c)], at least 2 nm_—thic_k initial layer i_s formed i_ rains with Cr segregation structure in the CoCr intermediate
the magnetic layer. For the media [Fig. 4(a)] and [Fig. 4(b)] wit]

- - oS N yer, although nanocrystalline layer is formed in the initial
CoCr intermediate layer, the initial layer is thinner than 0.9 n'ﬁlrovvth stage of the CoCr intermediate layer. Furthermore, the

for Tou,. <200 °C. In the rangé.,. > 200 °C, for the media ¢ genrived hep grains in the intermediate layer prevent the
[Fig. 4(b)], dini. becomes thicker with increasiiu., while 5 mation of initial layer in magnetic layer due to epitaxial
for the media [Fig. 4(a)]dixi. shows an extremely thin Valueﬁéowth, which is the main reason for the remarkable improve-

of about 0.1 nm. Therefore, from the perpendicular magnefica s of the magnetic properties from the structural point of
anisotropy analysis, the initial layer is considered to be alm

eliminated in the magnetic layer for the CoCrPtB/CoCr media
with C seedlayer.

Fig. 5 shows bright and dark field images and electron diffrac-
tion patterns for the media with CoCr(20 nm)/C(1 nm) inter-
mediate layer on Ti underlayer fabricatedzay,, = 250 °C. (1] ,:b H500n5da5;0Té Kliggy?and K. Ouchi]. Magn. Soc. Jpnvol. 21, no. S2,
The dar!( field image was obtained from the diffraction of (902) [2] Y. Hirayama, K. Ito, Y. Honda, and M. Futamotd, Magn. Soc. Jpi.
plane with the hcp structure. The spot pattern of electron diffrac-  vol. 21, no. S, pp. 98-103, 1997.
tion images obtained from the columnar structure of [Fig. 5(b)] [3! ;-p 028256' g\égfklzzoa(%a' T. Asahi, and T. OsalaAppl. Phys.vol. 88,
and [F'g'_S(C)] reveal that _preferreq orientation Qf C(_)Iumnar [4] H..Nakagawa, Y. Honda, A. Kikukawa, K. Tanahashi, A. Ishikawa, and
structure is-plane. As seen in the bright and dark field images, M. Futamoto J. Magn. Magn. Materol. 235, pp. 73-77, 2001.
the columnar structures grow from the intermediate layer to thel®] gé 7535”;’6 Yz'o%itta' and M. Takahaslii, Magn. Soc. Jpnvol. 25, pp.
magnetic layer continupusly, which means the e_pitaxial—growth [6] M. Takahashi, A. Kikuchi, and S. Kawakit®EE Trans. Magn.vol.
of CoCrPtB on hcp grains of the CoCr intermediate layer. Note 33, pp. 2938-2944, 1997.
that a layer with light gray contrast in the bright field image with [7] ';éSOk;S’Jéolnoo;ez'oT(lesahl' and T. OsakaMagn. Magn. Mateyvol.
the thickness of about 6 nm can be seen in the initial region ofig) v maeda and M. Takahashi, Appl. Phys.vol. 68, pp. 47514759,
the CoCr layer. Judging from the ring pattern of the electron  1990. _ _
diffraction image of a), this layer consist of nanocrystal grains [°] gigazltfzi Féo"(')OZSh'v and M. Takahastli,Magn. Soc. Jpnvol. 26, pp.
whose crystal axes_ are randomly oriented in thre'e'dimenSion?iIO] S. Saito, D Haéegawa, F. Hoshi, D. D. Djayaprawira, and M. Takahashi,
space. Therefore, it was suggested that very thin C seedlayer Appl. Phys. Lett.vol. 80, pp. 811-813, 2002.
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