MgO seed layers for CoCrPt/Cr longitudinal magnetic recording media
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Sputter deposited MgO thin films with the B1 crystal structure €@®) film texture are used as

seed layers to improve the texture and magnetic properties of the CoCrPt/Cr magnetic thin films on
glass substrates for longitudinal recording. The desifX®) textured Cr underlayers are usually
obtained by sputtering Cr onto heated substrates. However, it is found that the MgO seed layers can
induce the(002) film texture in the Cr underlayers without using a heated substrate and hence, the
overlying CoCrPt films are formed with th€l120) texture. Vibrating-sample magnetometry
measurements show greatly improved in-plane coercivities that are suitable for future high density
recording media can be easily obtained. 1®95 American Institute of Physics.

To fully utilize the magnetocrystalline anisotropy of a Leybold—Heraeus Z-400 system on 1 in. square Corning
HCP cobalt alloy longitudinal magnetic recording films, it is 7059 glass substrates without preheating. Depositions were
desirable to have a thin film crystallographic texture suchperformed at a fixed ac power of 2.3 W/éwith a 10 mTorr
that the easy magnetizatiaraxis of the HCP Co based alloy Ar gas sputtering pressure. Energy-dispersive x-ray spec-
is lying predominately in the plane of the film. This can betrometer analysis of the magnetic CoCrPt film determined
achieved by depositing the Co film on a texture enhancinghe composition to be 72 at. % Co-10 at. % Cr—18 at. % Pt.
underlayer. Many different underlayer materials have beedll the CoCrPt films reported were maintained at a constant
reported in the literatur&.® Among them, the most success- thickness of 40 nm by controlling the pre-calibrated deposi-
ful underlayer is pure Cr. The in-plareaxis texture of the tion time. The films’ thicknesses were also crosschecked with
Co alloy thin films can be improved by adjusting the sput-a Tencor profilometer.
tering conditions of the underlayer or by employing a seed  Sputter-deposited MgO films can easily grow to have the
layer. A seed layer is a thin film layer that is deposited be{002) film texture because the closest packed2) plane has
tween the substrate and the underlayer. In general, motivdhe lowest surface energy.When 20 nm thick MgO seed
tions for using a seed layer include the followir(@) isola-  layers are deposited prior to Cr underlayers, the resulting
tion of the thin film from possible substrate contaminations;texture of the underlayers is a stro@02), whether or not
(2) facilitation of infrared heating of glass substrat¢d) the substrate is heated. This is the often sought after under-
modification of the topography of the substra); inducing layer texture because tti#120) textured/Co alloy film tends
a preferred crystallographic texture to the underlayer. Fof0 grow epitaxially on it. The use of MgO seed layers allows
longitudinal recording, seed layetsometimes called pre- US t0 achieve the desird@02) texture in the Cr underlayers
coatings such as Ti, TkP, TiSh, Cr, C, Ta, W, and Zr° without resorting to an external substrate heating device.
have been used. Varying degrees of success have been re- Figure 2 shows the transmission electron microscopy

ported; however, the industry is still in the process of search(TEM) bright field micrograph of a 100 nm thick MgO film
ing for a better seed layer. and its electron diffraction ring pattern. The ring pattern

MgO is an ionic crystal that has the BNaCl-typg ~ Matches well with the expected diffraction pattern of a B1

crystal structure with a lattice constant of 0.421 (fig. 1).
It has excellent high temperature chemical stability. The
melting point is nearly 3000 °C. It has been shown by Naka-
mura and Futamotd that a Cr film deposited on a single
crystal MgO(002) tends to have it§002) plane lying parallel
to the film plane due to the heteroepitaxial growth. Subse-
quently, Futamotaet all? have demonstrated @120) bic-
rystalline longitudinal magnetic recording medium, CoCrPt/
Cr, formed on a MgO single crystal disk substrate and
studied its recording characteristics. However, the disk has
only limited usefulness because of its anisotropic magnetic
properties around the circumference of the single crystal
disk. A strong(002) textured polycrystalline MgO film with
random in-plane orientation is more desirable in practice.
All films in this study were rf diode sputter deposited in

Cr (002)

dPresent address: Materials Design Lab., Korean Institute of Science arf@lG. 1. Crystal structure of the MgO and the lattice match of the atomic
Technology, Seongbuk-ku, Hawolgok-dong 39-1, Seoul 136-791, Korea. planes MgO(002) and Cr(002.
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FIG. 2. TEM bright field image of a 100 nm thick MgO filta) on a glass
substrate an¢b) along with its electron diffraction pattern.

polycrystalline material with a lattice constant of 0.423 nm.
The grain size is estimated to be about 45 nm. The fin
structures observable within the grains are defects that a
abundant, indicating that there may be room for further im
provement if we fine tune the sputtering processes.

Figure 3 is a plot of the x-ray diffraction spectra of the
CoCrPt40 nm/Cr(100 nm films with various thicknesses of
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FIG. 3. X-ray diffraction spectra of the CoCrRt0 nm/Cr(100 nm films
with various thicknesses of MgO seed layers.
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FIG. 4. Plot of the in-plane coercivity of CoCB0 nm) vs its Cr under-
layer thickness for MgO seed layers of 0, 5, 20, and 50 nm thick.

MgO seed layers. All film with MgO seed layers show Cr
(002 and Co(1120) peaks while the film without the seed
layer does not have any reflections, indicating that there is
in-plane c-axis texture. It is well known that the high Pt
content in the CoCrPt alloy causes an expanded lattice that,
due to a poor atomic match with the pure Cr lattice, does not
produce good epitaxial growfhThe visible Co(0002 peak

in the diffraction spectrum of the film without a MgO seed
layer is a manifestation of the large lattice misfit of @10

to the Co(1010) or Co (1011) lattice plane. In spite of the
poor atomic match of the high Pt content CoCrPt to the pure
Cr (0002, the high quality texture of théd02) Cr grown on
MgO appears to produce a good surface for epitaxial growth
of Co (1120). The appearance of the CQd120) peak and the
suppression of the C@®002 peak due to the MgO seed layer
are important to achieving high in-plane coerciviti,.

In Fig. 3, the intensity of the C{002 peak, as well as
that of the Co(1120) increases as the MgO thickness in-
creases up to 10 nm. However, a further increase in the MgO
thickness decreases the intensity of the (002 and Co

?1120) peaks. From our atomic force microscopFM)

Studies, it is found that the MgO film roughens considerably
as its thickness increases. Microbumps of up to 40 nm in
height and 200 nm in diameter were observed in the 50 nm
thick MgO film. This increase in roughness causes the dete-
rioration of the epitaxy of the MgO and Cr.

Figure 4 plots the in-plane coercivity values of the
CoCrPt (40 nm/Cr films of various Cr underlayer thick-
nesses with and without MgO seed layers on glass substrates.
Table | lists a complete set of in-plane magnetic properties of
the CoCrP{40 nm/Cr(100 nm) films on MgO seed layers of

TABLE I. The in-plane magnetic properties of the CoGdPtnm)/Cr(100
nm) films on MgO seed layers of various thicknesses.

MgO thickness H. M
(nm) (08 S(M, /M) S (memu/cn?)
0 2286 0.83 0.84 1.2
5 2583 0.87 0.88 1.2
10 2608 0.86 0.91 1.2
20 3252 0.88 0.90 1.2
50 4036 0.88 0.88 11
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FIG. 5. TEM bright field images of plane-view CoC¢#® nm)/Cr(100 nm) films on MgO seed layers of various thicknesses. MgO thickres$; (b) 5; (c)
20; and(d) 50 nm.

various thicknesses. It is found that the improvement in coMgO seed layer with th€002) crystallographic texture in-
ercivity increases as the thickness of the Cr underlayer or theuces the(002) texture in the Cr underlayer, which in turn
MgO seed layer increases. The coercivity reaches a value @asduces the(1120) texture in the CoCrPt magnetic layer.
high as 4000 Oe, if a 50 nm thick MgO seed layer is usedrhys, the in-plane magnetic properties can be improved
along with a Cr underlayer thicker than 75 nm. It is known yithout resorting to external substrate heating. By employing
that microbumps underneath the Co alloy film can increasg,q MgO seed layers, the CoCrPY/Cr films and possibly other

the physi(_:al separation betwgen the Co alloy grains an@:o alloy films can become good candidates for future high
therefore increase the coercivity vaftfeOn the other hand, density recording media

decreasing the C61120) texture caused by the increasing .
roughness of the film would tend to decrease the coercivityc This :v(c:)rk wa§ SI\lAJpllla orteUd .by the Da;a SLOSr?:gg SystNems
The continuing increase ik, as the MgO layer thickens enter of Carnegie Mellon University under rant No.

shows that the effect of the Weakening of the 01120) ECD-8907068 and ARPA Grant No. MDA972-93-1-0009.

texture is more than compensated by the enhancement in

isolation of the Co grains. However, the grain size of the

CoCrPt film may also be changing because of the MgO seed
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