
EP 0 243 672 B1 Description This invention relates to a magnetic recording
medium. Alloys of cobalt and platinum containing various percentages of
platinum have been used as the 5  magnetic material in thin film magnetic
recording disks for horizontal recording. In such disks, the hexagonal
close packed (HCP) crystalline structure of the cobalt-platinum (CoPt)
alloy is formed on the substrate, or on an intermediate underlayer, so that
the C-axis, i.e. the [002] axis, of the CoPt film is either In the plane of
the film or has a component in the plane of the film. The coercivity [err]
of CoPt films is dependent upon the composition of the alloy, with the
maximum [err] 10 occurring at approximately 20 atomic percent (at.%)
platinum. See J. A. Aboaf, et al., "Magnetic Properties and Structure of
Co-Pt Thin Films", IEEE Trans on Magnetics, MAG-19, 1514 (1983), and M.
Kitada, et al., "Magnetic Properties of Sputtered [err] Thin Films", J.
AppI. Phys. 54 (12), December 1983, pp. 7089- 7094. The coercivity and
other properties of cobalt-platinum films have been reported by Opfer, et
al. In an article entitled "Thin-Film Memory Disc Development,"
Hewlett-Packard Journal, November 1985, pp. 4-10. 15 A CoPt thin film
magnetic recording medium with between 10 and 30 at.% Pt Is described In
U.S. -A- 4,438,066. A thin film disk with a cobalt-platinum-chromium
(CoPtCr) magnetic layer, wherein chromium (Cr) is added to improve the
corrosion resistance of the magnetic layer, is described in Japanese patent
application 198568, published May 22, 1984. The CoPtCr magnetic layer is
deposited onto a nickel- phosphorus (NiP) film formed on a suitable
substrate. In order to improve the magnetic properties of the CoPt magnetic
layer in certain types of disks, various types of underlayers may be formed
between the substrate and the CoPt magnetic layer. The use of a Cr
underlayer in a CoPt thin film disk Is described in the above referenced
article by Opfer, et al. and in EP -A- 145157. EP -A- 140513 describes
various magnetic recording structures for horizontal recording in which a
25 Co-based HCP magnetic layer Is deposited onto a Co-based primarily
body-centred-cubic (BCC) non- magnetic layer. One of the possible
structures suggested in the EP -A- 140513 is a CoPt magnetic layer, with Pt
between 1 and 35 at.%, formed on a XCo layer, where X is either Cr or
vanadium (V) with X between 60 and 99 at.%. It is suggested that the
in-plane orientation of the C-axis of the HCP magnetic layer is enhanced
because of "pseudo lattice" matching of the (002) plane of the BCC
underlayer with the 30  (110) plane of the HCP magnetic layer. The present
invention seeks to provide an improved CoPt or CoPtCr thin film magnetic
recording medium for horizontal recording. A magnetic recording medium
comprising a layer of a cobalt-platinum magnetic alloy formed on a non-
magnetic underlayer on a substrate, is characterised, according to the
invention, by the underlayer 35 consisting of a body-centred cubic alloy of
chromium and either vanadium or iron. Preferably, the underlayer consists
of a film at least 20 nm thick of an alloy of chromium and vanadium. How
the invention can be carried out will now be described by way of example,
with reference to the accompanying drawings, in which:- Fig. 1 is a graph
of squareness [err] as a function of CoPt magnetic layer thickness for
different 40    underlayers; Figs. 2A and 2B depict lattice structures for
BCC and HCP crystals and the respective planes to be lattice matched; and
Fig. 3 is a graph of the lattice misfit between the HCP phase of CoPt and
various BCC Cr alloys. In order to demonstrate the improved magnetic
properties of a CoPt disk embodying the present 



45 invention, CoPt record disks were first made with Cr and.
chromium-cobalt (CrCo) underlayers between the substrate and the CoPt
magnetic layer. In all the following experimental examples described herein
the substrate was semiconductor grade single-crystal silicon. In the first
example, a Cr underlayer 50 nm thick was deposited by DC magnetron
sputtering onto a silicon substrate at an Argon pressure of 0.266 [err] and
a substrate temperature of 128 C. 50 Thereafter, a 25 nm thick
cobalt-platinum alloy film with 20 at.% platinum [err] was deposited onto
the Cr underlayer without breaking vacuum in the sputtering chamber. This
film had a coercivity [err] of 1875 Oersteds (Oe) and a squareness S of
0.90. In a second example a thin film disk was fabricated under similar
conditions with a 50 nm [err](20 at.% Co) underlayer and a 25 nm thick
[err]magnetic layer. This film had a coercivity [err] of 1500 Oe 55 and a
squareness S of 0.88. By comparison with these two examples, a thin film
disk with a 50 nm thick [err] (20 at.% V) underlayer and a 25 nm thick
[err]magnetic layer had a coercivity [err] of 1775 and a squareness S of
0.96. 2    EP 0243 672 B1 The results of these three examples are listed in
Table 1. [err] thickness  (nm)            25          25           25 5
Underlayer Type            [err] Underlayer Thickness  (nm)    50
50           50 [err]                       1500        1875        1775 10
[err]                       0.88        0.90        0.96 Table 1 Magnetic
Properties of [err] With Various Underlayers 20   While the disks with the
Cr and CrV underlayers showed similar coercivities, the disk made with the
CrV underlayer exhibited a higher squareness. Illustrated in Fig. 1 are the
measured squareness values, i.e. the remanence magnetisation to
saturization magnetisation [err], for disks with Crand CrV underlayers for
various thicknesses of the [err] magnetic layer. All of the disks from
which the data of Fig. 1 was derived were formed at the 25 same substrate
deposition temperature, [err]. The data points shown in solid on Fig. 1 are
for disks in which a 25 nm (250 A) thick protective carbon overcoat was
sputter deposited over the [err] magnetic layer. The [err] alloy underlayer
was also used in the fabrication of CoPtCr thin film alloy disks. Table 2
illustrates a comparison of the magnetic properties of two [err] disks, one
with a 40 nm Cr 30 underlayer and one with a 40 nm [err] alloy underlayer;
the other properties of the disks being Identical. The CrV alloy underlayer
resulted in a disk with slight improvement in coercivity [err] , squareness
S, and coercivity spareness S*. 35            [err] thickness (nm)
48                48 Underlayer Type                                   Cr
[err] Underlayer Thickness (nm)                         40
40 



1420              1580 2.75 x 10           3.0 x 10 [err]
0.90              0.915 S*                                            0.906
0.92 45 Table 2 50                      Magnetic Properties of [err] With
Various Underlayers A 40 nm [err]film deposited on a 50 nm [err] underlayer
was examined by X-ray diffraction 55  analysis. The results showed a
mixture of crystallites of HCP and face-centre-cubic (FCC) phases. A
[err]film of the same thickness deposited on a 50 nm Cr underlayer, on the
other hand, exhibited only an HCP phase, without any observable FCC phase.
When the [err]underlayer was decreased to 20 nm thickness, the coercivity
of a 50 nm [err] film decreased to 400 Oe and the dominant phase in the 3
EP 0 243 672 B1 [err] film was FCC. In an article by Chen, et al. in IEEE
Transaction Magnetics, MAG-17, 3187 (1981), wherein a study of FCC phase
formation in cobalt-rhenium (CoRe) alloy films was investigated, the
experimental results indicated that grain size of the crystallites
decreased as a result of the transformation of HCP to FCC phase. The
results by Chen, et al. indicated that a reduction in coercivity of the
CoRe films 5  was affected primarily by the reduction of grain size as a
result of the polymorphic phase transformation, rather than the presence of
the FCC crystallites themselves. However, the high coercivity values
(approximately 1550 to 1630 Oe) exhibited by the 40 nm [err] films on the
50 nm [err] sublayers indicate that the two-phase structure does not
appreciably affect the coercivity mechanism. Thus the high coercivity and
high squareness of a 40 nm [err]film over a 50 nm [err] underlayer are
consistent 10 with the formation of a two-phase microstructure in the
[err]film without a reduction in grain size. It is believed that the
Improved squareness of CoPt films caused by the CrV underlayer is a result
of the close lattice matching between the BCC CrV alloy and the HCP phase
in the [err] film. A BCC crystal has a single cell constant, [err]. The
(200) plane of a BCC crystal is a square with dimensions [err]. See Fig.
2A. An HCP crystal has two cell constants, CHCp which Is 15 parallel to the
[002] or C-axis, and [err] which is perpendicular to  the C-axis and
parallel to the [010] axis. The (110) plane of the HCP crystal is
rectangular with dimensions [err]. See Fig. 2B. The HCP CoPt phase is
"lattice matched" to the BCC underlayer if the (110) plane of the CoPt has
similar dimensions to the (200) plane of the BCC underlayer. Table 3 lists
the lattice cell constants, as determined from X-ray diffraction analysis,
for [err] disks made with Cr and Cr alloy underlayers. 25 30 35 40 46 60 55



4    EP 0 243 672 B1 Magnetic Example   Underlayer
layer 5 1.          [er] [err] [err] [err] 2.          [err]
[err] 15                         [err] [err] [err] 20 3.          100 nm Cr
[err] 25                    [err] [err] 4. 30 [err] [err] 35 Table 3
Lattice Cell Constants For BCC Cr Alloy Underlayers and HCP CoPt Magnetic
Layers 40 The misfit of the cell constants of the HCP CoPt magnetic layer
to the respective cell constant for various BCC Cr alloy underlayers is
depicted graphically in Fig. 3. As shown by Fig. 2, [err] provides a closer
lattice match than either Cr or CrCo. Another alloy which has an [err]
value greater than that of CrCo or Cr, 45 and which would provide a good
lattice matching with CoPt, is chromium-iron (CrFe). The misfit of HOP
[err] assuming [err] = 0.262 nm and [err]= 0:422 nm, with BCC [err] having
an [err] = 0.30 nm, is shown in Fig. 2. Thus, CrFe underlayers also result
in a CoPt film with improved squareness over prior art films with CrCo and
Cr underlayers. To summarise, both the BCC chromium-vanadium (CrV) or
chromium-iron (CrFe) alloys have a lattice so cell constant, denoted [err],
greater than that of BCC CrCo or BOO Or alone, and thus more closely match
the lattice structure of the hexagonal-close-packed (HCP) CoPt or CoPtCr
crystallites in the magnetic layer. When a silicon substrate is used, as in
the above-described examples, an underlayer is required to improve the
C-axis orientation of the HCP phase of the magnetic layer in the plane of
the film. The CrV and CrFe underlayers serve this purpose. When the
substrate is of some other material, such as a nickel- 55 phosphorus (NiP)
film formed on an aluminium alloy disk, however, an underlayer may not be
absolutely necessary but only beneficial to improve the in-plane C-axis
orientation. The underlayers of the present 



invention enhance the C-axis orientation and thereby improve the magnetic
properties of the thin film disk when the substrate is a NiP film on an
aluminium alloy disk. 5    EP 0 243 672 B1 The above description relates
only to the formation of the magnetic layer and underlayer on the substrate
and not to the well-known aspects of the recording media and the media
fabrication processes. For example, in the fabrication of thin film metal
alloy disks it is known to provide a protective overcoat, such as a
sputtered, essentially amorphous carbon film, over the magnetic layer and
in certain instances to 5 provide an adhesion layer, such as a sputtered
film of titanium, between the overcoat and the magnetic layer. Claims 10
1. A magnetic recording medium comprising a layer of a cobalt-platinum
magnetic alloy formed on a non- magnetic underlayer on a substrate,
characterised by the underlayer consisting of a body-centred cubic alloy of
chromium and either vanadium or iron. 2. A magnetic recording medium as
claimed in claim 1, in which the underlayer consists of a film at least 15
20 nm thick of an alloy of chromium and vanadium. 3. A magnetic recording
medium as claimed in claim 1 or claim 2, in which the layer of magnetic
alloy comprises a mixed phase of HCP and FCC crystallites. 20 4. A magnetic
recording medium as claimed in any preceding claim, in which the magnetic
alloy also contains chromium. 5. A magnetic recording medium as claimed in
any preceding claim, in which the substrate is of silicon. 25 6. A magnetic
recording medium as claimed in any of claims 1 to 4, in which the substrate
consists of an aluminium alloy having a nickel-phosphorus film formed
thereon beneath the underlayer. 7. A magnetic recording medium as claimed
in any preceding claim, further comprising a protective overcoat formed
over the layer of magnetic alloy. 30 Revendications 1. Milieu
d'enregistrement magnetique comprenant une couche d'un alliage magnetique
de cobalt-platine form4 sur une couche inferieure non magnetique sur un
substrat, caracteris6 en ce que la couche 35    infdrieure est constituee
d'un alliage cubique a faces centrdes de chrome et de soit du vanadium soit
du for. 2. Milieu d'enregistrement magndtique selon la revendication 1,
dans lequel la couche infdrieure est constituee d'un film d'une 6paisseur
d'au moins 20 nm d'un alliage de chrome et de vanadium. 40 3. Milieu
d'enregistrement magnetique selon la revendication I ou la revendication 2,
dans lequel la couche de l'alliage magn6tique comprend une phase mdlangde
de cristallites hexagonaux trOs tasses et cubique a faces centrees. 45  4.
Milieu d'enregistrement magn6tique selon l'une quelconque des
revendications prec6dentes, dans 1equel l'alliage magndtique contlent
6galement du chrome. 5. Milieu d'enregistrement magnetique selon I'une
quelconque des revendications precedentes, dans lequel le substrat est du
silicium. 



50 6. Milieu d'enregistrement magndtique selon l'une quelconque des
revendications 1 a 4, dans lequel le substrat est constitu6 d'un alliage
d'aluminium ayant un film de nickel-phosphore form4 sur celui-ci au-
dessous de la couche infdrieure. ss 7. Milieu d'enregistrement magnetique
salon rune quelconque des revendications pr~cedentes, compre- nant de plus
une couche de revetement protectrice formbe sur la couche de l'alliage
magnetique. PatentansprUche 6    The above description relates only to the
formation of the magnetic layer and underlayer on the substrate and not to
the well-known aspects of the recording media and the media fabrication
processes. For example, in the fabrication of thin film metal alloy disks
it is known to provide a protective overcoat, such as a sputtered,
essentially amorphous carbon film, over the magnetic layer and in certain
instances to 5  provide an adhesion layer, such as a sputtered film of
titanium, between the overcoat and the magnetic layer. Claims 10  1. A
magnetic recording medium comprising a layer of a cobalt-platinum magnetic
alloy formed on a non- magnetic underlayer on a substrate, characterised by
the underlayer consisting of a body-centred cubic alloy of chromium and
either vanadium or iron. 2. A magnetic recording medium as claimed in claim
1, In which the underlayer consists of a film at least 15     20 nm thick
of an alloy of chromium and vanadium. 3 A magnetic recording medium as
claimed in claim 1 or claim 2, in which the layer of magnetic alloy
comprises a mixed phase of HCP and FCC crystallites. 20  4. A magnetic
recording medium as claimed In any preceding claim, in which the magnetic
alloy also contains chromium. 5. A magnetic recording medium as claimed in
any preceding claim, in which the substrate is of silicon. 25  6. A
magnetic recording medium as claimed in any of claims 1 to 4, in which the
substrate consists of an aluminium alloy having a nickel-phosphorus film
formed thereon beneath the underlayer. 7. A magnetic recording medium as
claimed in any preceding claim, further comprising a protective overcoat
formed over the layer of magnetic alloy. 30 Revendications 1. Milieu
d'enregistrement magndtique comprenant une couche d'un alliage magnrtique
de cobalt-platine forms sur une couche infdrieure non magn6tique sur un
substrat, caract6ris6 en ce que la couche 36    infdrieure est constitude
d'un alliage cubique A faces centrdes de chrome et de soit du vanadium soit
du for. 2. Milieu d'enregistrement magndtique selon la revendication 1,
dans lequel la couche infdrieure est constitute d'un film d'une 6paisseur
d'au moins 20 nm d'un alliage de chrome et de vanadium. 40 a Milieu
d'enregistrement magnetique selon la revendication 1 ou la revendicatlon 2,
dans lequel la couche de l'alliage magndtique comprend une phase mdlang6e
de cristallites hexagonaux trbs tass6s et cubique a faces centr~es. 



46  4. Milieu d'enregistrement magn6tIque solon l'une quelconque des
revendications prec6dentes, dans loquel l'alliage magndtique contient
dgalement du chrome. S. Milieu d'enregistrement magndtique selon lune
quelconque des revendications prdcedentes, dans lequel lo substrat est du
silicium. 60 6. Milieu d'enregistrement magndtlque selon Iune quelconque
des revendications 1 a 4, dans loquel le substrat est constitud d'un
alfiage d'aluminium ayant un film de nickel-phosphore formd sur celui-ci
au- dessous de la couche inferieure. 56 7. Milieu d'enregistrement
magndtique solon lune quelconque des revendications precedentes, compre-
nant de plus une couche de revatement protectrice formde sur la couche de
l'alliage magn6tique. Patentansprtlche 6    1. Magnetisches
Aufzeichnungsmedium mit elner Sdhicht aus einer magnetischen Kobalt-Platin
Legierung, die auf einer nicht-magnetischen Unterschicht auf elnem Substrat
gebildet ist, dadurch gekennzeichnet, dal die Unterschicht aus elner
raumzentrierten kubischen Legierung aus Chrom und entweder Vanadi- 5
um oder Eisen besteht. 2. Magnetsches Aufzeichnungsmedium nach Anspruch 1,
bel welchem die Unterschicht aus elner Schicht mit zumindest 20nm Dicke aus
elner Legierung aus Chrom und Vanadium besteht. lo 3. Magnetisches
Aufzeichnungsmedium nach Anspruch I oder 2, be! welchem die Schicht aus
magneti- scher Legierung elne Mischphase von HCP (hexagonal dichteste
Packung) und FCC (kubisch-flichen- zentriert)-Kristalliten enthilt. 4.
Magnetisches Aufzeichnungsmedium  nach irgendeinem  vorgehenden Anspruch,
be! welchem  die 16     magnetische Legierung auch Chrom enthlit. 5.
Magnetisches Aufzeichnungsmedium nach irgendeinem vorgehenden Anspruch, bel
welchem das Substrat Silizium lst. 20  6. Magnetisches Aufzeichnungsmedium
nach Irgendeinem der AnsprOche 1 bis 4, bei welchem das Substrat aus einer
Aluminiumlegierung mit einer unter der Unterschicht gebildeten
Nickel-Phosphor- Schicht darauf besteht. 7. Magnetisches
Aufzeichnungsmedium  nach irgendeinem  vorgehenden Anspruch, das femer
einen 25     schltzenden Oberzug aufwelst, der Uber der Schicht aus
magnetischer Leglerung gebildet lst. 30 35 40 45 50 55 7    


