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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to thin films for
longitudinal magnetic recording média,sand more particularly,
‘to B2- structured underlayers for use with a cobalt or cobalt
alloy based magnetic layer. |
Invention Background

There is an ever increasing demand for magnetig recording
media with higher.storége éapacity, lower noise and lower
costs. Recording densities in computers have increased
steadily over the last two decades. ' - .

Magnétic discs and disc drives provide quick access to
vast amounts of stored infofmation.' Both erxiblé and rigi@
discs are available. Data on the discs is stored in circular
tracks and divided into segments within the tracks. Disc
drives typically employ one or more discs rotated on a central
axis. A magnetic head is positioned over the disc surface to
either access or add to the stored information. The heads for
disc drives are mounted on a movable arm that carries the head
in very close proximity'to the disc over the various tracks
and segments. The structure of disc drives is well known.

The structure of a typical thin film disk is multilayered
and includes a substrate at its base covered by an underlayer,
a magnetic layer and optionally, an overlayer at the top. The
overlayer may be coated with an overcoat and an organic
lubricant. The magnetic layer is the main body on which the
magnetic bits are recorded. Longiéudinal recording media

comprised of cobalt or cobalt alloy-based magnetic films
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Important magnetic properties, such as coercivity (Hc),
remanent magnetization'(Mr) and coercive squaréness (s*),
which are crucial to the recording performance of the Co alloy
thin f£film for a_fixed composition, depend primarily on its
microstructure. For thin film longitudinal magnetic recording
media, the desired crystalline structure of the Co and Co
alloys -is hexagonal-clbse packed (HCP) with uniaxial
crystalline anisotropy and a magnetization easy direction
along the c-axis is in the plane of the film. The better the
in-plane c-axiS'crystallogiaphic texture, the higher the
coercivity of the Co alloy thin film used for longitudinal
recordiﬁg. This is'required to achieve a high remanence. For
very small grain sizes coercivity increases with increased
grain size. Large grains, however, resu}ts in greater noise.
There is a need to achieve high.;oercivitieé without the
increase in noise associated with large.grains. To achieve a
low noise magnetic medigm, the Co alloy thin film should have
uniform small grains with grain boundaries which can
magnetically isqlate neighboring grains. This kind of
microstructure and crystallographic texture is normally
achieved by manipulating the deposition process, by grooving
the substrate surface, or most often by the proper use of an
underlayer.
Underlayers can strongly influence the crystallographic

orientat}on, the grain size and chemical segregation at the Co
alloy grain boundaries. Underlayers which have been reported

in the literature include Cr, Cr with an additional alloy

element X (X = C, Mg, Al, Si, Ti, V, Co, Ni, Cu, 2Zr, Nb, Mo,

| La, Ce, Nd, G4, Tb, Dy, Er, Ta, and W), Ti, W, Mo, and NiP.

While there would appear to be a number of underlayer
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g For high density recording, in plane orientation has

heretofore been achieved by gfainjto-grain epitaxial g;owth of

| the HCP Co alloy thin film on a body centered cubic (BCC) Cr

underlayer. - The polycrystalline Cofbésed alloy thin f£ilm is
deposited with its c-axis, the [0002] axis, either parallel to

the film plane or with a large component of the c-axis in the

film plane. It has been shown by K. Hono, B. Wong, and D.E.
Laughlin, "Crystaliography of Co/Cr bilayer magnetic thin
films", Journal of Applied ﬁﬁ?sics 68 (9) p. 4734 (1990), that
BCC Cr underiayeré promote grain-to-grain epitaxial growth of
HCP Co alloy thin films deposited on these underlayers. The
heteroepitaxial relationships between Cr and Co which bring
the [0002], axis down or close t? the fi}m plane are
(002) ¢// (1120) s (210)// (1011)go, (110)//(1010) ¢, and
(112)&//(1010)m. Different Co/Cr epitaxial relationships
prevail for different deposiﬁion processes. To obtain a good
Bcé structure which_promotes the formation of the HCP
stfucturep the Cr underlayer must be thicker-than about 100 A,
U.S. Patent No. 4,652,499 discloses efforts to improve the
underlayer By adding vanadium (V) to Cr to change its. lattice
constant and thereby to promote a better iattice matching
between the Hcé Co alloys, CoPt or CoPtCr, and the BCC CrV
underlayer.

In perpeﬂdicular magnetic recording media, a thin film
layer which is sometimes called a precoat or a seed layer, is
commonly deposited between the substrate and the underlayer to
isolate the underlayer from possible substrate contaminants.
Materials used for this layer with varying degrees of success

include Al, Ti, Ni,P, TiSi,, Cr, C, Ta, W and Zr. A. Nakamura

.
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part 2, No. 10A, L1410 (October, 1993) describes a Co film

deposited"on a single crystal MgO (002). A (1120)
bicrystalline longitudinal mégnetic recordiqg medium,
CoCrPt/Cr, formed on a Mgo single crystal disk substrate is
described in M. Futamoto et al., "Magnetic and recording
characteristic of bicrystalline longitudinal recording media
formed onian MgO single crystal disc substrate", IEEE
Transactions on Magnetics, Vol. 30, No. 6, p.3975 (1994).
Because of the anisotropic magnetic properties and hence, the
recording properties, around the circumference of the single
crystal disk, this disk is of limited utility.

The need for lighter, smallexr and better performing
computers with greater storage'densiﬁy demands higher density
hard disk media. It is an'obﬁect of thé.present invention to
meet those demands with a longitdginal magnétic recording

media having high coercivity and low noise.

§QMMARX.Q£.IHE.1§¥EHILQH

The object of the invention is satisfied by a recording
media incorporated in a disc drive hafing a rotatable disc for
operation in conjunction with maghetic transducing heads for
the recording and reading of magnetic data. The improved
recording media has a novel seed layer on which to induce the
{(002) crystailogréphic texture in an underlayer for the
magnetic film of the media. The magnetic recording medium of
the invention is comprised of a substrate, a mégnetic layer,
preferably formed from Co or Co alloy film, and a seed layer
comprised of ‘a material having a Bl- ordered crystalline
structure with a (002) texture, such as MgO, sputter deposited

on the substrate. An underlayer is also provided which is
I —

eet Has Been Replaced -4-

T, \lI\

s _% - ﬁ T
- : g - e




carries the head ijn

tracks and segnent|s.

structure of a typi cSP™RHis§ds P

. Ed . o
very cl ose proxinity to the disc over the.  various
The struc%ure of disc drives wel | known. The

f Jasrrial rﬁﬂ"ﬁpﬁa%fr@& B2 |SHANGHR%e £ a

substrate at its basﬁzc%ﬁ:%re?gdbé(rﬁﬁalw rgtiﬂlg ur@‘rcﬁ%ggg%)a Cbét%gé \‘?ﬂ? seed

optionally, an over
overcoat and an dr
whi ch the nagneti ¢

Iayer at e overl aye e coate
ghayexr lanbr tmmagnzbec MegReet i CTRaWer phasd hes g&efve:mmy @9

bits are recorded. Longitudinal recording ,

or a Cr alloy, such as CrV.- The B2 phase is selected from the
group consisting of NiAl, AlCo, FeaAl, FéTi, CoFe, CoTi, CoHf,

CoZr, Nifi, CuBe, CuZn, AlMn, AlRe, AgMg, and Al,FeMn,, and is
most preferably FeAl or NiAl.

The underlayer may be formed in multiple layers wherein
eacﬁ layer is a different one of the'foregoing materials. The
Co or Co alloy used as the magnetic layer has a hexagonal
close packed (HCP) strﬁcture and is deposited with its c-axis,
the magnetic easy axis (the direction in which it is easily
magnetized), substantially parallel to the plane of the
magnetic layer.

The recording mediuﬁ may also include a chromium or
chromium alloy intermediate layér interp?sed between the
magnetic layer and the underlayer.- The intermediate layer is
relatively thin, preferably between about 10 to 500 A.

Thinner layers can provide some improvément provided the layer
is thick enough to form a substantially continuous layer on
the surface of the underlayer.

The magnetic layer may 5e covered by an overlayer which in
turn may be covered by an overcoat. An orQanic lubricant is
preferably added over the overcoat.

In an alternative arrangement, there may be a first
magnetic layer and a sécond hagngtic layer Qith one or more
interlayers disposed between the two magnetic layers. The
interiayer is typically Cr, of about 10 to 40 A, The second
magnetic layer may be covered by the
overiayer/overcoat/lubricént.layers described above.

Materials with the B2 structure are ordered structural

derivatives of the body centered cubic (BCC) structure, which

-5-

Sheet Has Been Replaced




&
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- identical to that of Cr, 0.2884nm. By placing the B2- ordered

structure on the substrate, below the magnetic layer, the Co

or Co alloy films, when deposited, either directly or through
an intermediate Cr or Cr alloy layer, grow epitaxially at the
B2 interface and reorient the HCP c-axis away from being
random or normal to the film plane, yielding a stable,
improved thin f£ilm microstructure with magnetic properties

which are particularly well suited to high density recording.

NiAl, for example, maintains its B2 structure stable up to the
melting point of 1911K and the structure_does not change over
a wide composition range from 41.5 to 55 at% Al at 673K.
Strong bonding between the metallic atomg slows the atomic
mobility during the film’s deposgiion thereby yielding a
| smaller grain size film than is present with the Cr
underlayer. A small grain size can benefit the recording
properties of the media by increasing.the numbexr of grains per
unit area and hence, lowering the media noise. '

In addition, NiAl is nonmagnetic with an extremely low
magnetic susceptibility, on the order of 2x10°7 to 5x10-7

emu/g, has good thermal conductivity, high stiffness, and good

environmental corrosion resistance.

BRIEF DESCRIPTION OF THE DRAWINGS
The advantages of the present invention can be better

understood by reference to the drawings in which:
Fig. 1(a) - (c) are schematic illustrations of embodiments
of a multilayer structure of the thin film disk of the present

invention;
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required to achieve a high remanence. For very small
Fig. 3(a) and (b) show the bright field TEM micrographs of

a 100nm NiAl film (a) and a 100nm Cr film (b);

Fig. 4(a) and (b) show atomic force microscope (AFM) views
of a NiAl film (a) and a Cr film (b);

Fig. 5 is a plot of‘coercivity vs. underlayer thickness of
a 40nm thick CoCrTa f£ilm sputter deposited without substrate
bias on either NiAl or Cr underlayers;

Fig. 6 shows the coercivity value and the x-ray

diffraction spectra of CoCrTa/Cr and CoCrTa/NiAl films on

glass substrates, where the CoCrTa layers are 40nm thick and
the Cr and NiAl underlayers ére 100nm thick;

Fig. 7 plots the coercivity of a 40nm thick CoCrPt film as
a function of underlayer thickness for NiAl and Cr
underlayers; p .

Fig.:8 shows the coercivity value and the x-ray
diffraction spectra of CoCrPt/Cr and CoCrPt/NiAl films on
glass substrates, where the CoCrPt layers are 40nm thick and
all the underlayers are 100nm thick;

Fig. 9 shows the coercivity value and the X-ray
diffraction spectra of a CoCrTa/NiAl film with and without a
2.5nm thick Cr intermediate layer between the CoCrTa layer and
the NiAl layer;

Fig. 10 shows the coercivity value and the x-ray
diffraction spectra of a CoCrPt/NiAl film with and without a
2.5nm thick Cr intermédiate layer between the CoCrPt layer and
the NiAl layer;

Fig. 11 shows the coercivity value and the X-ray
diffraction spéctrum of a 40nm .thick CocfPt film on a 100nm

thick FeAl underlayer on glass substrate;
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of 100nm and 740nm thlckness on glass substrates,

Fig. 14 plots carrier to total integrated noise ratio
(CINR) as a function of the linear density for two disks,
CoCrTa/Cr and CoCrTa/NiAl, with bias sputtered magnetic layers
and unbiased sputtered underlayers;

Fig. 15 plots the carrier to total integrated noise ratio
(CINR) as a function of linear density for two disks,
CoCrTa/Cr and CoCrTa/NiAl, with unbiased sputtered magnetic
and underlavers;

Fig. 16 plots the total medium integrated noise power
(MNP) as a function of linear density for the two disks of
Fig. 14; |

Fig. 17 plots the total medisF integgated noise power
(MNP) as a function of linear density for the two disks of
Fig. 15;

_ Fig. 18 (a) - (c) show the crystal structure of the Mgo,
and the lattice match of the atomic planes MgO (002) with Cr
(002) and NiAl (002), respectively;

Fig. 19 (a) and (b) show a transmission electron
microscopy (TEM) bright field image of a 100nm thick MgO film
on a glass substrate (a) along with its electron diffraction
pattern (b);

Fig. 20 is an x-ray diffraction spectra of the
CoCrPt (40nm) /Cr (100nm) films with various thicknesses of MgoO
seed layers;

Fig. 21 is an x-ray diffraction spectra of the
CoCrPt (40nm) /NiAl (100nm) films with no seed layer and on

various thicknesses of MgO seed layers;
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andFig.P23 pYits Ehehineplanel doerpiadtyt of @%Pﬁ&ﬁm> oe-
its Cr underlayer thickness for MgO -seed layers of Onm, 5nm,
20nm and 50nm thicknesses; _

Fig. 24 plots the in-plane coercivity of CoCrPt (40nm) vs.
its NiAl underlayer thickness for MgO seed layers of Onm, 5nm,’
20nm and 50nm thicknesses;

Fig. 25 (a) - (d) show a TEM bright field image of plane-
view CoCrPt (40nm)/Cr(100nm) films on MgO seed layers of (a)
Onm (b) S5nm (c) 20nm (d) 50nm thicknesses;

Fig. 26 is an atomic force microscopy (AFM) micrograph of
Cr, 100nm on a glass substrate;

Fig. 27 is an AFM micrograph of Cr, 100nm on a MgO, 5nm
seed layer on a glass substrate; .

Fig. 28 is an AFM micrograph of Cr, 100nm on a MgO, S50nm-
seed layer on a glass substrate;

Fig. 29 shows bright field TEM micrographs of
CoCrPt (40nm) /NiAl (100nm) £f£ilms on MgO seed layer (a) and on a
10nm Cr seed layexr (b); and,

Fig. 30 (a) and (b) are AFM surface plots of 100nm NiAl

films with MgO seed layers of 10nm(a) and 20nm (b} on smooth

glass substrates.

- DETAILED DESCRIPTION OF THE PREFERRED FEMBODIMENT

The recording media of the invention may be a rigid
magnetic disc rotatable about an axis that is incorporated
into a disc drive (not shown). Typically, the disc drive
includes a magnetic transducing head, or slider, which is

supported on a movable arm which is in turn part of a

suspension assembly for moving the head over the surface of
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See, Mee, C.D. and Daniel, E.D.,

equipment in the industry.
MAGNETIC RECORDING, Vols. I -~ III (McGraw-Hill pub. 1987); F
Jorgenson, The Complete Héndbook of Magnetic Recording,
Chapter 16 (3rd. ed. 1988), and U.S. Patent No. 5,062,021, the
relevant disclosures of which are incorporated herein by
reference. ' The magnetic recording media of the present
invention may glso be used with flexible magnetic discs using
{ knowh‘flexible substrates.

Referring to Fig. 1(a), the magnetic recording mediuh 10
i of the present invention, which is incorporated into the disc
drive, is comprised of a substraﬁf 12, anp underlayer 14 and a
magnetic layer 16. In addition, there maybe an overcbat 20, -
as shown. An intermediate layer 22 of Cr may be disposed
between the underlayer 14 and the magnetic layer 16. An
organic lubricant 24 is preferably applied to the overcoat 20.
| In an alternative arrangement, shown in Fig. 1(b), there
may be first and second magnetic layers, 16’ and 16’’, and one
or more interlayers 30 disposed between the first magnetic
layer 16’ and a second magnetic layer 16’‘’. The interlayer 30
is preferably made of Cr and is about inm to 4nm (10 to 40 A)
thick. The second magnetic layer 16'‘ is covered by an
overlayer 18, the overcoat 20, and the organic lubricant 24
shown in Fig. 1(a). A seed'layef 28 .about 1.0nm to 50nm (10 to
500 A) thick may be disposed between the substrate 12 and the
underlayer 14 to nucleate growth. The seed layer 28 may be

made of Cr.
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; a Bi- ordered crystallipe structure with a (002) texture

. sputter deposited on.the substrate beneath the'underlayer.

? The preferred.seed layer of thié embodiment is a thin layer of
: MgO having a (002) texture when sputter deposited on the
substrate. The seed layer forms a substantially.continuous
layer up to 50nm in thickness, and preferably up to 20nm in
thickness. In the preferred embodiment, the seed layer is
about 1.0nm to 50nm (10 to 500 A) in thickness, and preferably
between about 1.0nm to 20nm (10 to 200 A) in thickness, more
preferably about 2.5 to 20nm (25 to 200 A) in thickness, and
most preferably between about 2.5nm to 10nm (25 to 1004) in
thickness. |

In the preferred embodiment, thé substrate 12 is formed of
a nonmagnetic material, sﬁch as'g}ass, s%l;con or an aluminum
alloy coated with NiP. Alternative hard disk substrates such
as canaéite,.or SiC may be used.

The magnetic layers 16, 16’ and 16'’, are deposited with
the longitudinal magnetic easy axis thereof substantially
parallel to the plane of éuch'magnetic layer, are preferably a
Co or Co alloy film, such as CoCr, SmCo, CoP, CoPt, CoNiCr,
CoNiPt, CoCrTaSi, CoCrPtSi, CoCrPtB, CoCrPtTa, or other known
Co alloy magnetic films and are eéchlabout 5 - 60nm (50 - 600
3) thick.

The B2- ordered crystalline structure of the underlayer 14
is shown in Fig. 2(b). The underlayer 14 is most preferably
NiAl. It is about 10 - 200nm (100 - 2000 A) thick.
Alternatively, the underlayer may be FeAl, or multiple layers,
alterhhting between a NiAl layer and a FeAl layer. Other
phases having a B2- ordered structure and lattice constants

close to that of Nial (a = 0.2887nm),_FeAl {a = 0.291nm) and
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0.270nm), CuZn (a 0.295nwm),

0.301nm), CuBe (a

NiTi (a

0.288nm), AgMg (a = 0.328nm),

0.297nm), AlRe (a

AlMn (a

0.296nm). It is anticipated that an

and Al,FeMn, (a
underlayer comprised of two or.more layers of different
materials within the foregoing list may be used. For example,
it is believed that a multiple layer having a first layer of
Nial and a second la?éf of FeAl, AlCo, FeTi, CoFe, CoTi, CoHE,
‘CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg or Al,FeMn, may be
used. Various combinations of multiple layers wherein each
layer is one of the B2- ordered crystalline phases may be
employed as the underlayer of‘the‘preseng.inVention.

In the embodiment of the.invention shown in Fig. 1(e)
having a sputter depositéd {002) MgO seed layer, the
underlayer may be the B2- ordéred material descfibed above or
may be an A2 structure, such as Cr or a Cr alloy, such as CrV.

An overlayer 18, which is thought to prevent corrosion,
may be provided adjacent to and preferably in contact with the
magnetic layer 16 or 16°‘’. The éverlayer 18 is 1 - 10nm (10-
100 A) thick and may be made of W, Ta, Zr, Ti, Y, Pt, Cr or
any combination thereof.

An overcoat 20 may be provided external to the overlayer
18, so that the overlayer 18 is positioned betwéen the
magnetic layer 16 or 16’’ and the overcoat 20, as shown in
Figs. '

1(a) and (b). The overcoat provides a mechanical wear

layer and is 2.5 - 30nm (25-300 A) thick. It is preferably
made of a ceramic material or diamond like carbon, such as
8i0,, SiC, CN, 2xr0, or C. An organic lubricant 24 may be

I
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To compare the in-plane magnetic properties of one
embodiment of the magnetic recording medium of the present
invention, CoCrTa and CoCrPt films were sputter-deposited onto
Cr or NiAl underlayers on glass substrates by techniques well
known to those skilled in the art. Vibrating sample
magnetometry (VSM) was used to measure the magnetic

properties. In the following experimental examples, RF diode

sputtering was used for film depositidn onto smooth glass

substrates which were not mechanically textured.

i A 100nm NiAl £ilm was depﬁsited onto a glass substrate.
Its microstructure, as observed by transmission electron
microscopy (TEM), is compared witp a simjlarly deposited Cr
film and shown in Figs. 3a and 3b. The NiAl film, Fig. 3a
shows a grain size of about 15nm which is noticeably smaller
{about 50%) than the grain size of the'siMilarly sputter
deposited Cr film, Fig. 3b. The grain size of the underlayer
strongly influences the grain size of the Co baéed magnetic
layer. It is believed that the strong atomic bonding within
the two atom structure of NiAl inhibits the mobility of the Ni
and Al atoms.and so limits the growth of the Qrains. The
small, well faceted grains of NiAl promote the formation of
smaller, more well defined grains in the magnetic layer.
Smaller grains reduce noise in the recording media.

A roughness analysis was done also using an atomic force
microscope (AFM). The AFM uses an extremely small sharp tip
to scan the sample surface and measures the atomic attraction
between the sharp tip and the surface of the sample. The AFM
can thereby determine on a very small scale the tépology of
-
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underlayer films, respectlvely, of 100nm thickness.
images clearly show that the grains (aiameter éf bumps) of the
NiAl films, Fig. 4(a) are.much smaller and'more unifqrm than
are the Cr grains, Fig. 4(b).=.Small and uniform grains
implies lower noise if everything else about the medié is
equal. The roughnéss is a measure of the vertical height
variations as one scans over the sample surface. The root
mean square (RMS) and mean (avefage)-roughnesé (Ra) are two
different ways of éalculating the roughness from the same
data. While the maximum height (Rmax) can be misleading if
there is a bad spot on the sample, it is a good indication of
the extremes (lack of uniformity) of the roughness if the
sample is good. The roughness differénce between the NiAl and
the Cr is another indication of t?e laigqr variation in the Cr
grain size. The image statistiés for the NiAl film show an-
RMS roughness of 0.372nm, a mean roughneés (Ra) of 0.296nm and
a maximum height (Rmax) of 2.798nm. The Cr film shows RMS
roughness of 0.722nm, a mean roughness (Ra) of 0.581nm and a
maximum height (Rmax) of 4.914nm. Clearly, the Cr underlayer
has both larger grains and is considerably rougher than the
Nial film. S

As shown in Fig. 5, 40nm thick CoCrTa films were deposgited
onto NiAl and Cr underlayers of various thickness on glass
substrates. The in-plane coercivities of the magnetic films
were plotted as a function of the underlayer thickness. When
the underlayer is greater than ldonm thick, the CoCrTa/NiAl
films have a higher coercivity, Hc,.than the CoCrTa/Cr films
for comparable thicknesses. In both cases, the coercivity
increases and then reaches a plateau as the underlayer

thickens. The steady increase is indicative of larger grains.
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underlayer is not made any thicker than it has to be to get
the desired improvement in coercivity. At thicknesses about
equal to and greater than 100nm, the recording medium having
the NiAl underlayer offers greater coercivity at thicknesses
equal to or even slightly less than those of a recording
medium having a Cr underlayer. At a thickness of 100nm, the
NiAl underlayer offers -comparable coercivities and smaller
grains than the recording media having a Cr underlayer.

In addition, the recording medium'has a better in-plane c-
axis film crystallographic texture when NiAl is used as the
underlayer than it does when Cr if the underlayer. The NiAl
film has its {110} and {112} planes preferentially oriented
parallel to the film plane. This is supported by X-ray
diffraction studies which show that the CoCrTa f£ilm on the
NiAl underlayer has a larger (1010)qo peak than the CoCrTa
film on a Cr underlayer. Fig. & provides a comparison of x-
ray diffraction spectra of the CoCrTa/NiAl and CoCrTa/Cr films
with their He values marked on each curve. The NiAl spectrum
has a much stronger HCP Co (1010) peak adjacent the NiaAl (110)
peak which is believed to reflect a (112) NiAl texture which
is weak or not present at all in the Cr underlayer.

Similar studies were performed for CoCrPt films. The in-
plane coercivity of a 40nm CoCrPt film is plotted in Fig. 7 as
a fuﬁction of underlayer thickness for NiAl and Cr
underlayers. It shows that for a thicker underlayer, the
CoCrPt/NiAl film has a higher coercivity than the CoCrPt/Cr
film. éig. 8 is the x-ray diffraction spectra of CoCrPt/NiAl
[ —
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demonstrates that another phase with the B2-structure, FeAl,
also produces a strong (103:0)c° peak. Pt is added to Co
alloys to improve coercivity, but at a 15 - 20% Pt content,
the magnetic layer does not lattice match well with the Cr
underlayer. The addition of the iarger Pt atom to the Co
alloy is believed to expénd the atomic spacing so that there
is no longer a good lattice match with the Cr underlayer.
Fig. 8 also shows a (0002). peak, which reflects a poor
epitaxial growth to the Cr underlayer. This phenomenon does
not appear to take place when the NiAl is used as the
underlayer. The NiAl and FeAl spectra reveal a strong
(1010)c° peak and the absence of ﬁpe (0002) peak, which is
indicative of a good longitudinal structure.

NiAl has not been heretofore used as an underlayer for
thin film longitudinal magnetic recording media. The sputter
deposited NiAl films have small grain size and enhance the Co
alloy films’{1010} texture. The underlayers of the present
invention enhance the in plane c-axis orientation and
therefore improve the magnetic properties of the thin film
disk with a glass substrate. Similar improvements can be
found when other substrates( such as aluminum alloy substrates
coated with NiP or silicon substrates are used. Similar
results on alternative hard disk substrates such as canasite,
or SiC should be obtained aiso.' The underlayer of the present
invention may be used as Ehe underlayer fof other Co alloy
thin films, such as CoCr, SmCo, CoP, CoPt, CoNiCr, CoNiPt,

CoCrTaSi, CoCrPtSi, CoCrPtB, and CoCrPtTa.
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(002) texture, S”Chcgsaﬂ§§3'tﬁf%“§fi% and the NiAl underlayer. Fﬁrthermore, the

underlying NiAl texture is transmitted to the intermediate Cr
layer. Fig. 9 shows the x-ray spectfa of a CoCrTa/NiAl film
with and without a 2.5nm Cr intermediate layer between the
CoCrTa layer and the NiAl layers. From Fig. 9 it is apparent
that when a very thin layer of Cr is placed between NiAl and
CoCrTa, the high quality texture of the Co (1010) is
maintained and the coercivity is improved. It has been fouhd
Ehat an intermediate layer 22 of Cr having a thickness less
than about 1.0nm does not form a continuous layer. A
substantially continuous 1ayér is apparently needed to give
consistent results. At 1.0nm to 5.0nm thicknéss and above,
however, the improved coercivity }s markgd and consistent.
Thicknesses above 5.0nm continue to provide good coercivity, -
but produce no significant improvement. The combination of a
CoCrPt magnetic layer, a NiAl underlayer and a very thin
(about 2.5nm) Cr intermédiate layer_disposed between the
magnetic layer and the underlayer increases the coercivity
even more significantly, by 450 Oe. If the cobalt alloy
magnetic layer has only the 2.5nm thick Cr layer withoﬁt the
NiAl underlayer, the Co layer tends to remain either face
centered cubic (FCC) or ofients [0001] perpendicular to the
plane of the f£ilm.

Fig. 10 shows the x-ray spectra of a CoCrPt/NiAl film with
and without a 2.5am Cr intermediate layer between the CoCrPt
layer and the Nial layer. The increase in coercivity is even
more dramatic than the increase shown in Fig. 9 using a CoCrTa
magnetic layer. The 1at£ice constant of the cobalt HCP

structure is significantly increased when the larger Pt atom
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Flg. 8 where CoCrPt on Cr showed no Co (1010) peak at all.
This peak does occur for the NiAl_underlayer} however. It is
believed that the difference can be attributed to the ability
of NiAl to form a better (112) texture than Cr. Although it
is not visible on the x-ray diffraction patterns, this peak
should Ehow up at 26 = 81.86 degree Thicker films show this
peak as shown in Figs. 12 and 13 for the N1A1 and FeaAl
underlayers. The (112) texture represents a good lattice
match to the Co(1010) texture. Furthermore, by comparing
Figs. 8 and 10, the dramatic difference between CoCrPt on a Cr
underlayer (no (1010) peak and a lower coercivity) and CoCrPt
on NiAl with a thin intermediate layer is apparent.

Tests were done to compare the carrier to total integrated
noise ratio (CINR) as a function of the %inear recording-
density, measured in kilo flux ch;nges per inch (KFCI) for two
disks. Procedures for taking total integrated noise data are
well known to those sgkilled in the art. See, for example,
Belk et al., "Measurement of intrinsic signal-to-noise ratio
for high-performance rigid recording media," Journal of
Applied Physics, Vol. 59, No. 2, p. 557 (15 January 1986).
The results are plotted in Fig. 14. The underlayers were
sputter deposited on a glass substrate without bias and the
magnetic layer was sputter deposited with bias, i.e. with an
applied voltage to the surface. The disk represented by
squares was CoérTa/Cr having a coercivity of 1700 Oe. The
disk represented by circles was CoCrTa/NiAl having a
coercivity of 1400 Oe, The disks heving NiAl as the
underiayer were determined to behave comparably to the disks
having Cr as the underlayer, but the coercivities were

somewhat lower in this sample for NiAl films when the magnetic
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coercivities but different underlayers,aglsks &ere sputtered
without bias. Tests were done to compare the carrier to total
integrated noise (CINR) betﬁeen the two disks. The results
are shown in Fig. 15. The disk represented by the squares had
a CoCrTa magnetic léyer on a Cr underlayer and a coercivity of
1000.0e. The disk represented by circles had a CoCrTa
magnetic layer and a NiAl underlayer and a coercivity of 1150
Oe. Again, the behavior of the two disks was comparable with
the NiAl disk showing lower noise somewhat.

Fig. 16 plots the medium integrated noise power (MNP) as a
function of linear density. The MNP represents the total
integrated noise power divided by the voltage pulse one would
obtain if the signal were recordif at loq frequencies (i.e.,
the isolated pulse height). Fig. 16 shows the results for the
disks of Fig. 14. Fig. 17 plots the MNP as a function of
linear density for the disks of Fig. 15. The results for the
disks in Figs. 16 and 17 are cdmparable, with lower noise for
the disk having the NiAl underlayer, particularly when Ehe
magnetic layer are not deposited with bias. The results
demonstrate that the disposition of the NiAl underlayexr
between the substrate and the magnetic layer is at least as
valuable, if not more so, to the enhanced.behavior of the
recording media than the similar disposition of a Cr
underlayer. It is anticipated that tﬁin film longitudinal
magnetic recording media having NiaAl underlayers, or other B2
ordered structures as underlayers, will, with minor
optimization, perform even better than the comparable products

with Cr underlayers.
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(002) film texture improve the texture and magnetic properties
of thé Co and Co alloy thin films. The MgO seed layer may be
used to enhance the texture of underlayers comprised of either
the A2 structure, such as Cr, or the B2- ordered structures,
such as NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi,
- CuBe, CuZn, AlMn, AlRe, AgMg and Al,FeMn,.

Mgo is an ionic crystal which has the Bl (NaCl-type)
crystal structure with a lattice constant of 0.421nm (Fig.
185. It has excellent high temperatﬁre chemical stability.
The melting point is nearly 3000°C. The strong (002) textured
polycrystalline MgO film with random_in-plané orientation
provided by this embodiment of the recdr@ing media of the
invention is of greater practicalfutility than the MgO single
crystal disk substrates studied by M. Futamoto et al.,
"Magnetic and recording characteristic of bicrystalline
longitudinal recording media formed on an Mgb single crystal
disc substrate", IEEE Tranééctions on Magnetics, Vol. 30, No.
6, P.3975 (1994).

Experiments were conducted using a MgO seed layer sputter
deposited on the substrate. All films tested in this series
of experiments were RF diode sputter deposited in a Leybold-
Heraeus Z-400 system on 1 inch square Corning 7059 glass
substrates without preheating.- Depositions were performed at
a fixed AC power of 2.3 W/cm?® with a 10 mTorr Ar gas
sputtering pressure. EDX analysis of the magnetic CoCrPt film
determined the composition to be 72 at% Co, 10 at% Cr,and 18

at¥ Pt. All the CoCrPt films reported were maintained at a

constant thickness of 40nm by controlling the pre-calibrated

) ) _ -20-
This Sheet Has Been .Reﬂlaced

LT




i L) </
I'n an alternatlvelarrangerrent there may be a first magnetic : layer and a
?ecfﬂfe?ﬁgggﬁ Ist: i%?éga Jbtlton lm?he %ngﬁg%eﬁh&cpéﬁef WeTe kst erl ayer is
typically Cr, of %bQﬂ%sééhédkeﬁowfth éT&En§5¥KE¥@fllometer, Surface morphology
- of the films were checked by
atomic force microscopy and the bulk magnetic éroperties were
measured by vibrating sample magnetometry. Crystallographic
textures were studied by x-ray diffractometry with CuK,
radiation.

It has been found that the sputter-deposited MgoO films
easily grow to have the (002) film texture. It is believed
that the (002) preferential orientation is because the closest
packed (002) plane has the lowest surface energy. When 20nm
thick MgO seed layers are deposited priof to the deposition of
the Cr or NiAl underlayers, the resulting texture of the
underlayers is a strong (002), whether or not the substrate is
heated. This is the often sought-after underlayer texture
because the (1120) textﬁred Co al}oy magnetic film layer tends
to grow epitaxially on it. The use of sputter deposited Mgo-
seed layers promotés the desired (002) texture in the Cr or
NiAl underlayers without resorting to an external substrate
heating device.

Fig. 19 shows the transmission electron microscopy (TEM)
bright field micrograph of a 100nm thick MgO film.and its
electron diffraction ring pattern. The ring pattern matches
well with the expected diffraction pattern of a Bl
polycrystalline material with a lattice constant of 0.423nm.
The grain size is estimated to be about 45nm.

Fig. 20 is a plot of the x-ray diffracfion spectra of the
CoCrPt (40nm) /Cr (100nm) films with various thicknesses of Mgo
seed layers. All film with MgO seed layers show Cr (002) and
Co (1i50) peaks while the film without the seed layer does not
have any reflections which indicate that there is in-plane c-

axis texture. The visible Co (0002) peak in the diffraction
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acthy) cohe1B#¥) 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 the (002) Cr grown on MgO appears to
produce a good surface for epitaxial growth of Co (1120) . The
appearance of Co (1120) peak and the suppression of Co (0002)
peak due to the MgO seed layer in Fig. 20 are important to
achieving high in-plane coercivity.

In Fig. 20; the intensity of the Cr (002) peak, as well as
that of the Co (1120), increases as the MgO thickness
increases up to 10nm. However, increase in the MgO thickness
to SOnm has been shown to decrease the intensity of the Cr
(002) and Co (1120) peaks, perhaps due to overheating of the
"film during deposition. From at??ic force microscopy (AFM)
studieg, it has been found that the MgO film roughens
considerably as its thickness increases. This may result from
heat. It is believed that a cooler deposition process would
not produce MgO bumps until the film layer is much thicker, if
at all. (Figs. 26, 27, 28) Micro-bumps of up to 40nm in height
and 200nm in diameter were observed in the 50nm thick MgO film
shown in Fig. 28. Too great an increase in roughness causes
the deterioration of the epitaxy of the MgO and Cr. However,
magnetic media surface roughness due to MgO bumps of about 50
to about 2002 are advantageous in preventing the slider heads
from sticking to the disc. Currently, disc surfaces are
. intentionally roughened mechanically with sand paper or by
laser texturing to prevent such-stiéking. The sandpaper
method is difficult to control. The MgO seed layer provides a -

dual use readily controlled roughness texture.
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CoCrPt (40nm) /Cr (100nm) films on MgO seed layers of various
thicknesses.

TABLE I
The in-plane magnetic properties of the CoCrPt (40nm) /Cr (100nm)

films on MgO seed layers of various thicknesses.

thickness Hc, Oe S (Mr/Ms) S* memu/cm?
Onm 2286 0.83 0.84 1.2
Snm 2583 0.87 0.88 1.2
10nm 2608 0.86 0.91 1.2
{ -
20nm 3252 0.88 0.90 1.2
50nm 4036 0.88 0.88 1.1

It is found that the improvement in coercivity incrgases
as the thickness of the Cr underlayer or the Mg0O seed layer
increases. The coercivity reaches a value as high as 4000 Oe,
if a 50nm thick MgO seed layer is used along with a Cr
underlayer thicker than 75nm. It is known that micro-bumps
underneaﬁh the Co alloy film can increase the physical
separation between the Co alloy grains and therefore increase
the coercivity value. On the other hand, decreasing the Co
(1120) texture which is caused by the increasing roughness of
the film would tend to decrease the coercivity.

The cbntinuihg increase in Hc as the Mg0 layer thickens
shows the effect of the weakening of the Co (1120) texture is

more than compensated by the enhancement in isolation of the
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grain size is known to be a factor which causes the coercivity
to increase as ldng as the grains are single,démains..'The
plane-view TEM images CoCrPt (40nm)/Cr(100nm) films on various
thicknesses of MgOo seed layers are shown in Fig. 25. There is
only a slight increase in the grain size of the CoCrPt films.
The large dark patches in Figs. 25 (c) and 25 (d) are shadows
of the MgO bumps, not grains.

The multi-layered films in these experiments were made by
sputtering one layer after the other without breaking the
vacuum of the sputtering system. However, it has been found
that glass substrates with presputtered MgO seed layers can
still induce good (002) Cr epiﬁaxial growth even though the
MgO films have been intentionally exposed to air for more than
a month. This may be very conveg}ent fog media. production
where the MgO could be deposited in a separate vacuum system.

Table II lists the VSM measurements of the 40nm thick
CoCrPt films on 100nm NiAl underlayers on MgO seed layers of

various thicknesses.
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CoCrPt (40nm) /NiAl (100nm) £ilms on Mg0 seed layers of various

thickness.
MgO Mrt,
thickness Hc, Oe S* S memu/cm?
Onm 1862 0.87 0.84 1.4
2nm 2558 0.92 0.86 1.1
- 5nm 2811 0.92 0.87 1.2
8nm 3283 0.92 0.88 1.1
10nm . 3238 0.91 0.87 1.0
20nm 3236 0.86 0.84 1.0
50nm 3182 .0.82 0.87 1.0

The coercivity is shown to increase rapidly and then to
level off as the MgO seed layer thickens. The
crystallographic texture of these 40nm CoCrPt/;OOnm Nial films
on MgO seed layers revealed by x-ray diffraction spectra are
plotted in Fig. 21. The (002) MgO peak continuously becomes
stronger as the MgO layer thickens. The intensity of the
(002) NiAl peak is not proportional to the MgO thickness. The
maximum coercivity film in Table II corresponds to the film
with the strongest (002) NiAl crystallographic texture.

AFM studies of the films showed little_incfease in surface
roughness as the MgO seed layer is ipcreased from 2nm to 10nm.
Howeve;, there is a dramatic increase of the surface roughness
as the MgO seed layer reaches 20nm which, as stated above, is
believed to be due to the surface getting hot during the MgO

deposition process. Magnetron sputtering would not heat the
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Ni Al film(a) and a C film(b);
20nm MgO seed layers on glass substrates.

The plots
demonstrate that a 20nm MgO seed layer can roughen the film
considerably to form surface bumps up to abéut 150nm in
diameter and about 25am in height. It is believed that the
high density recording media of the future will need a low
flying height. Notwithstanding the fact that the surface of
the disc substrate is generally roughened by mechanical or
chemical texturing to avoid having the transducer head stick
to the smooth disc, the roughness of the 20nm MgO thickness
may be problematic for high density recording media. On the
other hand, the Mgo seed layer can be used to tailor the
roughness by controlling the MgO layef thickness, the
deposition temperature and the sputtering.process.

Fig. 24 is a plot of four seég of coercivity data of the.
40nm thick CoCrPt films with varying NiAl underlayer
thicknesses for MgO seed layer thicknesses of Onm, 5nm, 20nm
and 50nm.

Experiments were alsb conducted to compare a seed layer of
Cr to the MgO seed layér. A 10nm Cr seed layer was prepared
on a 260°C preheated substrate to obtain the (002) texture.
The (002) texture was induced in a subsequent NiAl underlayer.
Fig. 22 plots the x-ray diffraction spectfa of 40nm
CoCrPt/100nm NiAl films with and without a 10nm Cr seed layer
and a 40nm CoCrPt/100nm Cr film. The substrate heatiﬁg helps
té bring out the (002) texture in the NiAl underlayer by
improving the (002) texture of the Cr seed layer as well as
for a'pure Cr underlayer. There was no (002) peak §bserved in

a film with a pure NiAl underlayer. Table III lists the in-
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Fig. 5is a plot

CoCrTa fil msputt
under| ayers; Fi
spectra of CoCrTa
CoCrTa | ayers are
t hi ck; Fig. 7 p
function of under

v Al
f coefcivity vs. underlayer thickness of ‘a 40nm t hi ck
I glaReshiBd mabhboll puBstt Rl of PhdSpRBiReA Hephbfba Om O
. 6 shows the coercivity value and the x-ray diffraction
CFignd2ZoCr Ta/ Ni Al filnms on gl ass substrates, where the
40nm thick and the G and NI Al underl ayers are 100nm
ots the coercivity of a 400nmthick CoCrPt film as a
ayer thickness for NA apgeF 117 '

The in-plane magnetic properties of the 40nm CoCrPt films on

100nm NiAl, 100nm Cr and 100nm NiAl/10nm Cr underlayers.

Underlayer ' : Mrt,
Hc, Oe - g% 8 memu/cm?

Nial 2221 0.79 0.81 0.81

Ccr 2228 . .0.7.4 : 0.88 0.83

NiAl/Cr 3153 : 0.78 0.85 0.84

The data show that the coercivity of the CoCxrPt film on the
NiAl underlayer is significantly increased due to the
incorporation of the Cr seed layef, simiIaf to the MgO seed
layer. However, lower coercivity squareness and M.t were
observed in the film with ; Cr seed layer.. With a similar
(002) texture, the NiAl underlayer appears to induce a higher
coercivity in the CoCrPt film than the Cr underlayer.

Fig. 29 compares the TEM bright field micrographs of 40nm
CoCrPt/100nm NiAl films on 5nm MgO and 10nm Cr seed layers.
Although these plane view micrographs show overlapping NiAl
and Co grains, it is apparent that the grain size of the film
with a Cr seed layer is more than twice the grain size (180A)
of the film with a MgO seed layer, most likeiy due to the fact
that added heat is not required in the process of the
deposition of thé Mgo seed layer.

Seed layers of Cr and Mgo have oeen shown to induce the
(002) crystallographic texﬁuro in the NiAl underlayers which

has been shown to be beneficial to the in-plane coercivity of
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under | ayers;

diffraction
substrat es,

spect|
wher e

Fig.%? shows ‘the coercivity Jﬁfue and the x-ray

ra of CoCPt/Cr and CoCPt/NA films on glass
t HheCEeEFRL |fijmps fhe NoAnsedd dRyend hewever, does not

require heating and therefore, have finer underlayer grains.

A sputtef deposited thin MgO seed layer with the (002)
crystallographic texture indﬁces.the (002) texture in both the
Cr and NiAl underlayer which in turn induces the (1120)
texture in the CoCrPt magnetic layer. Thus, the in-plane
magnetic properties can be improved without resorting to
external substrate heating. By employing the MgO seed layers,
the Co alloy films provide greatly improved high density
recording media. Also, the surface roughness of the MgO seed
layer can be controlled. Hence, the surface roughness of the
recording medium can be controlled by the roughness of the Mgo

layer.
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the underlayers afe 100nmthick: Fig. 9.shows the coerm the
x-ray diffraction| gRECtfAQhifedOCrTa/NA filmwth diiim lM'HﬂlﬁﬂﬂLm
thick O intermefiate l'ayer between the CoCrTa |ayer: and the "Ni A" *I ayer;

Fig. 10 shows thej caer cA wabyevidt ucardihd enedinaycahphfisdngi on spectra of a
CoCrPt/N A filmath and without a 2.5nmthick -Cr internediate |ayer

bet ween t he CoCr Pt

| ayet SHREL¥MEE/Ni Al layer; Fig. 11 shows the coercivity

value and the x-rgy dlfg'g%%glfg&er comprised of MgO having an (002) structure

sputtef deposited on said substrate;

a Co or Co allby fiim forming a magnetic layer; and

an underlayer comprised of Cr, a Cr alloy or a material
selected from the group consisting of NiAl, AlCo, FeAl, FeTi,
CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and
Al,FeMn, disposed between said seed layer and said magnetic

layer.

2, The recording medium recited in claim 1 wherein said
underlayer is comprised of multiple layers of two or more of
said materials.

{ .
3. The recording medium recited in claim 1 further comprising
a chromium or chromium alloy intermediate layer interposed

between said magnetic layer and said underlayer.

4. The recording medium recited in claim 3 wherein said

intermediate layer is about 1.0nm to about 5.0nm thick.

5. The recording medium recited in claim 1 further comprising
an overcoat disposed on said film, such that said magnetic

layer lies between said underlayer and said overcoat.

6. The recording medium recited in claim 5 further comprising
an organic lubricant disposed on said overcoat such that said

overcoat lies between said lubricant and said magnetic layer.

|

'HﬁsShmﬂHhsBemlR1imwd
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spectrum of a 40nmthick CoCrPt filmon a 100nmthick FeA wunderl ayer on
gl ass substrate; | Fig. 12 shows the x-ray diffraction spectra, of tilons
of 100nm and 500mm ?hl c:""lt‘ﬁe§§c%’ﬁh§9a§§d%"l%§ﬁcé? cgln ﬁ?@”ﬁ) fgﬁté&g epfl?%ln
diffraction spectya,pioJeedbydi |qiBpota 1&9%&&&%&&@&@ idy<akRass aratglsa§a
substrates; Fig. ﬁ ?ots carrier to total i-ntegrated noise ratio (CNR)
as a function of th@véﬁlﬂ?&f Thiags beywéart dadd wagdet icCoiyeha/aBd saidl overcoat.
CoCrTa/Ni Al, with bias sputtered nmagnetic |ayers and . v
8. The recording medium recited_in claim 1 wherein said seed

layer is between about 1.0nm to 50nm thick.

9. The recording medium .recited in claim 1 wherein said seed

layer is between about 1.0 to 20nm thick.

10. The recording medium recited in claim 1 wherein said seed

layer forms a subsﬁantially continuous layer.

11. The recording media recited in claim 1 wherein said seed
layer has a surface adjacent said underlayer, said seed layer
surface being roughened to effect{surfacq roughness of about

50 to 200A in said magnetic layer.

12. In a magnetic recording medium having a substrate, an
underlayer and a magnetic layer, the improvement comprising:
a seed layer disposed between said substrate and said
underlayer, said seed layer being comprised of Mg0 having an

(002) structure sputter deposited on said substrate.

13. The improvement recited in claim 12 wherein said seed

layer is between about 1.0nm to 50nm thick.

14. The improvement recited in claim 12 wherein said seed

layerlis between about 2.5 to 20nm thick.

15. The improvement recited in claim 12 wherein said seed

layer forms a substantially continuous layer.

_—
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unbi ased sputtere
I nt egrated noi se
di sks, CoCrTa/Cr
under | ayers;

1Y
3

H underlayers‘ Fig. 15 plots. the carrier taq total
ratio (CINR) as a.function of |inear denS|ty for two
add- e 'F&‘PNPN"‘GTW oL dsealabu e furthary ForPEising a

chromium or chromium alloy intermediate layer interposed
between said magneﬁic layer and said underlayer.

17. The improvement recited in claim 12 wherein said
underlayer is comprised of Cr, a Cr alloy or a material
selected from the group consisting of NiAl, AlCo, FedAl, FeTi,
CoFe, COTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and

Al,FeMn,.

18. An apparatus for recording and reading magnetic data
comprising:

a rotatable disc, said disc comprising a substrate,
a seed layer comprised of MgO having an (002) structure
sputter deposited on said substrate, a Co or Co alloy film
forming a magnetic layer, and an ?nderlaxer comprised of Cr, a
Cr alloy or a material selected from the group consisting of .
Nial, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe,
CuZn, AlMn, AlRe, AgMg and Al,FeMn, disposed bétween said seed
layer and said magnetic layer; .

a magnetic transducing head; and,

means for supporting said head in close proximity to said
disc for controlled movement of said head over the surface of

said disc.

19. The apparatus recited in claim 18 wherein said seed layer

is between about 1.0nm to S0nm thick.

20. The apparatus recited in claim 18 wherein said disc
further comprises a chromium or chromium alloy intermediate
layer interposed between said magnetic iayer and said

underlayer of said disc.
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10 Fig. 16
function of
the total ne
density for
structure of
(002) with G
show a trans
100nm t hi ck

plots the total mnediumintegrated noise power (MP) as a
i near density for the two disks of Fig. 14; Fig. 17 plots
i um i nt egrat ed noi se powe®BEERECT a5 a function of |inear

he t di f ;Fia., 15; F.g. 18 a%.- 4.3%1showthe Crystg
the Mg PEEEeR Redpsieh rotaten, DeoPhLEut R MRS oo
[ reé¢OfRinganedd NavifR§2d subBePREd | \ekputtedid@podddMgand (b
M ssion electron mcroscopy - (TEM bright fjield imgé of a
Ng§p¢¢|1nygn,aa§pqagg Co alloy based magnetic layer and an
underlayer disposed between Ehe seed layer and the magnetic
layer_cbmpriéed of Cr, a Cr alloy or a material having a B2
ordered crystalline structﬁre,'preferably NiAl or FeAl. A

thin Cr or Cr alioy intermediate layer of about 1.0nm to 5.0nm

thick may be positioned between the underlayer and the

magnetic layer.
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substrate (a) along with its electron diffraction pattern (b); Fig. 20
is an x-ray diffraction spectra of the CoCr Pt (40nm) / Cr (100nm fil s
wi th various thicknesses of MgJO se ' | an Xx-ray

diffraction spectra of the CoCr with no seed

| ayer and on various thicknesses of s an
x-ray diffraction spectra of thg
%
J
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CoCr Pt (40nm/ Cr (100nm and CoCrPt(40nn')/N| Al (I OOnn) fil ms with a 10nm Cr
seed | ayer and without a seed layer; " Fig. 23 plots the {n-plane
coercivity of CoCrPt(40nm) vs. its. O underlayer thickness for MO seed
| ayers of Onm 5nm  20nm and 50nm-t hi cknesses; Fig. 24 plots the in-plane
coercivity of CoCrPt(40nm vs. its N A underl ayer thickness for MyO seed
| ayers of Onm 5nm 20nm and 50nmthi cknesses; Fig. 25 (a) - (d) show a
TEM bright field i nage of plane-"™ .

g:fzssgg o e "2'38572
(a) B (b)
Fig. 2
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vi ew CoCr Pt (40nm)/ Cr(100nm) filnms on MyO seed | ayers of (a) Onm(b) 5nm
(c) 20nm (d) 50nmthi:cknesses; lg. 26 is an atomc force m croscopy (AFM
m crograph of Cr, 100nmon a gIEq ,§bstrate; Fig. 27 is an AFM

m crograph of Cr, 100nm on a MyO,  %hm seed : o
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DETAI LED DESCRI PTI ON OF THE PRGPERRED EMBCDI MENT ~ Theyrecordi ng nedi a of
t he inventh? may be a rigid nagnetic di sc rotatabl e about an axis that
is incorporated into a disc drive (not shown). Typi'cal ly, the disc
drive includes-a magneti ¢ transduci ng head, or slider, which is supported
a novable armwhich is in turn part of a suspension assenbly for

on.
novi ng t he heﬁa over the surface of:the disc. e transduci hg hedd, when
noving over the surface of the discj  during nofmgl operation, |s nmintained
in a spaced, pagrallel c :
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- A4
rel ationship relative to the surface of the disc, in close proxinmity to
the disc. Atypical distance is 10 [err]n or less. Disc drives such as

this are standard equipnment in the.
indust’r‘y’”_‘sjjdc D. and Daniel, E D, MAG\ETIC

eet Has Been Replaced
Fig.5
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RECORDING Vols. | - 11l (MGawH Il pub. 1987); F. Jorgenson, The
Conpl et e Handbook of Magnetic Recording, Chapter 16 (3rd. ed. 1988), and
U S. Patent No. 5,062,021, the relevant disclosures of which are

i ncorporated herein by reference. The magnetic recording nedia of the
present invention may al so be used wth flexible magnetic discs using

known fl exible substrates. Referring to Fig. 1(a), the magnetic recording
which is incorporated into the disc

medi um 10 of the present invention,
drive, is conprised of a substrate 12, an underl ayer 14 and
Fi 3. b
CoCrTa,40nm
I 1 ‘,*l I 1 { | 1 1 L
S 4
800 - ¥ .
: gla J
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z 600 i S R<t
2 — Hc: § g -
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= 400 § A 100nm Cr underlayer
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{ RECEIVED 1@/3@ @2:22 1996 AT S33¢694 PAGE 2 (PRINTED PAGE 2) 1]
OCT 29 'S5 01:22PM KIRK 2% LOCK LLP 412 355 65081 v

> P.2
a magnetisg | ayer 16. In addition, there nmaybe an overcoat * 20, as shown. An
I nternmedi ate |ayer 22 of O may be di sposed between the underlayer 14 and
the magnetic layer 16. An organic lubricant 24 is preferably applied to

t he .overcoat 20. In an alternative arrangenent, shown in Fig. 1(b),
there may be first and second nmagnetic |ayers, 16' and 16'', and one or
more interlayers 30 disposed befween the first magnetic layer 16' and a
second magnetic layer 16''. The interlayer 30 is preferably nmade of O and

is about Inmto

F'j' 8

CoCrPt,0V,40nm
800 LA DANR S é L LR R SN B MR B
800 |- ' -
E g
c: |
B 400 - ceo0e T
$ b | Cr underlayer i
4 g & M i
200 g g _ .
16420¢ ©
NiAl underlayer 7
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[ RECEIVED 1@3/30 ©@2:23 1996 AT 5330694 , PAGE 3 (PRINTED PAGE %) )
4nm (10 tTR A PHEFER KIRFHeLSK Ch 2R 8L ¢ | ayer W' is  covRPed by an
overl ayer "18, the overcoat 20, and the organic |wubricant 24 shown in Fig.
1(a). A seed layer 28 about 1.0nm to 50nm (10 to 500 A) thick, nay be
di sposed between the substrate 12 and the underlayer 14 to nucl eate
gromh. The seed layer 28 nay be nmade of Cr. _In another preferred
enbodi nent of the recordi ng nedia of

S«

o, O NiAL underlayer

Fuy. 9
EoCrTa,bVAOnm]

- 800 T T T | T T | g— ¥ T

600 | g -
%‘ i S g

B ]

E 400 g -
g
4

200

NIAl underlayer

\

This Sheet Has Been

™



13

enbodi nment
deposited on the

t he present i nvent i oW’shown in Fig.
ordered crystalline structure with a (002) texture
t ke-substrat e beneath the underl aydn
is a thin |ayer

substrate.
up to 50nmin thickness,

of MygO

The seed |l ayer fornms a substantially

t hd-deed | ayer 28 is a B1-
sput:t er deposited on

.lhe preferred seed | ayer of this
ving a (002) texture when sputter

1(c),

and preferably up to 20nmin

continuous |ayer
v
CoCrPt,0V,40nm|
800 v { 1 ¥ || - 1 [] ] i ) ¥
600 - o~ =]
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E 400 | ge 3 -
E 2960e -
o M"IL" . Cr/NiAl underlayer
200 | -]
16420¢
] NiAl underlayer 1
0 3 (] s ] M 1 M 1 g ] N 1 1 ] 2 1 L 1 1 H
30 40 50 60 70 80
20 1 .
il
il o
CoCrPt,40nm
400 ] L ] ] ] [} ] ] ] ¥
300 f i
il
lg '§
8 =]
,i 200 |- 3 s -
= =t
>é He: E
. 100 %7062 -
i }f 100nm, FeAl underlayer
0 ] 1 | (] | i [] 1 ] 1




L RECEIVED 18/30 @2:23 1996 AT 5330694 PAGE % (PRINTED PAGE
OCT 29 96 91:23PM KIRK & LOCK LLP 412 355 6581 &3

thi cknessy, In the preferred enbodi nent, the seed nger S abgb? 1.0nmto
50nm (10 to 500 A) in thickness, and preferably between about 1.0nmto
20nm (10 to 200 A) in thickness, nore preferably about 2.5 to 20nm (25 to
200 A) in thickness, and nost preferably between about 2.5nmto | Onm (25
to 100[err]) in thickness. 1In the preferred enbodi nent, the substrate 12
1s formed of a nonmagnetic material, such as glass, silicon or an al um num
all oy coated with N P. Alternative hard di sk substrates such

Fig.12

400 1 L] |} 1 1 ] | 1 I ]

X-ray Intensity

il



{ REEBIVEI%x:l_‘Ig/gg 02: 23 1996 AT 5338694 Pﬂgf 5 (ngg{l!l) PAGE B) 1 . P.5
as canasite, or §|1 rraymE)eLu %’ﬁses magneti c Iawrs 16, 16' ‘and 16'', are
deposited with the |ongitudi naI magneti c easy axis thereof substantially
parallel to the plane of such magnetic |ayer, are preferably a Co or Co
alloy film such as CoCr, SntCo, CoP, CoPt, CoNiCr, CoN Pt, CoCrTaSi, .
CoCrPtSi,. CoCrPtB, CoCrPtTa, or dther known Co alloy nmagnetic filnms and
are each about 5 - 60nm (50 - 600 A) thick. 'The B2- ordered crystalline
structure of the underlayer 14 .is shown in Fig. 2(b). The underlayer 14 is

nost preferably

Fls.‘-f’

FeAl

400
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[ RECEIVED 1@/3@ D2:24% 1996 AT 5330694 ABE & (PRINTED PAGE 1@) ]
OCT 29 /9
Ni Al . t 1s a out 4IBK%O&n%nOG< u(Plf)iG Ao A) t k. P.6
14 Alternatively, the underlayer may be FeAl, or-*multiple |ayers,
alternating between a NNAl |ayer and a FeAl layer. Oher phases having a

B2- .ordered structure and lattice
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[ RECEIVED lWBIZ @2: 24 1956 AT 5336694 PAGE 7 (PRINTED PAGE 12) ] ’ -

const antg close to that of ITQICKA\'LP(412 .Esfé87nn), F® (a = O. 2’91nn) and Cr
(a = 0.2884nm (which is not itself a B2- orderéd structure) are al so _
considered to be good candi dates,” for the underlayer of the present _
i nvention. The nmaterials are A.Co (a = 0.286nm, FeTi (a = 0.298), CoFe
(a = 0.285nm, CoTi (a = 0.299nm, CoHf (a =.0.316nm, CoZr (a = 0.319nm,
Ni Ti (a = 0.301nm, CuBe (a = 0.270nm), CuZn (a =:0.295nm, Al M (a =
0.297nm), AlRe (a = 0.288nm), AgyMy (a = 0.328nm,

Fig. 1S
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and Al 2FeMn2 (a = 0.296nn). It . Js anticipated.that an::under| ayer
conprised of two or nore layers of different materials within the
it is believed that a nultiple

-

foregoing Iist may T ) For exanpl e,
| ayer havik SigetMal Bles ke Igyer of Ni Al and a second | ayer of FeAl, Al Co, FeTi,
CoFe, ., NiTi, CuBe, Cuzn, Al M, Al Re, AgMy or
Al[err]F # E used. Various conbinations of multiple |ayers
wherein ne of the B2- ordered crystallinerrphases nay be
enpl oyed as the underl ayer of the present invention.
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In the enbodi nent of the invention shown in Fig. 1(c) having a sputter
ep05|ted (002) MO seed | ayer, the underlayer nay be the B2- ordered
e HadRRERE above or may be :an A2 structure, such as Cr or a Cr
An overl ayer 18, which is thought to prevent
~ 85 < 'g
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be provided adjacent to and-preferably in contact wth the nagnetic |ayer
16 or 16''. The overlayer 18 is 1 - |0Onm (10- 100 A) thick and may be nade
of W Ta, Zr, Ti, Y, Pt, C or any conbination thereof. An overcoat 20
may be provided external to the overlayer 18, so that the overlayer 18 is
posi tioned between the magnetic layer 16 or 16'' and the overcoat 20, as
shown in Figs. 1(a) .and (b). The overcoat provides a nechanical wear |ayer
and is 2.5 - 30nm(25 300 A) thI‘Ck It is preferably marde of a '

> ew ey

(b)
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ceranmic material 1200 di apond |i ke carbon, such as Si Jerri, SiC

CN, ZrQoe

or C. An organic lulfricdnt 24° "bé di §posEd” “the' over coat

20. The

| ubricant is 1nmto [30nm (10 to=300 A) thick dis preferably a

f I uor o- chl or ocar H99 lor a per f | or oet her. @npl es i ncl ude

CCl[err] FCC1lF[err], |CF[err]( err]CFlerr], [err] (CFlerr]CH[err],

l err]. To conpar

one enbodi nefif of the nagpgbi g

CoCrTa and fCrPt films were
‘ lll onm |
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onto C or N Al underl ayers on gl ass substrates by techni ques: well known

to those skilled in the art. \fbratlng sarrple magnetometry (VSM was used

to nmeasure the magngt++q—p+ope ef+ent al
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shows a

16 filmand shown in Figs. 3a and 3b. The N A film Fig. 3a
grain size of about p5Afwhi-chis notjiceably smaller (about 50% than the
grain size of the si | ar | sput'ter depdsi tfed TCr rThm T e grain
si ze of the unddl0ay strongly infl uencei the grain size of 'the Gg based
magneti c N : _ l -
- . N A N
= . v —
3000 |- A -
u A
Q 0o
© ' k ° y
g 2000 | ©
s - 0 ,0 O ° (o) -
A o
®
1000
[
0 ] ] 1 | 3 i v ]

0 20 40 60 80 100 120 140 160
Cr underlayer thickness, nm

. This Sheet Has Been Replaced
! *
IIIIIIIHIIIIIIIIII III Fig. 237
. §
3500,
i 1 7 ‘ ‘ | |
3000 |- . 8 8
A o . A
2500 |- g
(3 A o
2000
o O A
" O |
150000 o
- o
1000 [© © )
o]0
500 & ©
0 f , , |

0 20 ' -' - ' . | |
. 40 60 80 100 120 140 160
iAl underlayer thickness, nm | .

| F:‘g, 24




|l ayer. It is believed that the strong atom c bonding within the two atom
'structure of NiAl inhibits the mobitity of the N and Al atons and so
limts the growth of the grains. The small, well faceted grains of N Al
pronote the formation of smaller, nore well defined grains in the nmagnetic
| ayer. Smaller grains reduce noise in the recording nedia. A roughness
anal ysis was done al so using an atomc force mcroscope (AFM. The AFM
uses an extrenely small sharp tip to scan the sanple surface and neasures

the atom c attractiqn
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between the sharp tip and the sur
determ ne-on a very small scalg
white and dark areas of Fig
the NNA |and Cr underl g
I mges cllearly show
Fig. 4(a)|] are nucy

sarrplké}. The AFM can thereby
of the sanple surface. The
resent height differences of
f 100nm t hi ckness. The
) of the NNA filns,
gD Cr grains, Fig.

4(b). -II thing el se
about th ,Lical.
hei ght
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vari ations as one scans over the sanple surface. The root nean square-
(RVM5) and nean (average) roughness (Ra) are two different ways of
cal cul ating the roughness fromthe sane

17 data. Wile the maxi mum hei ght (Rmax) can be m sleadimg if

Figq 29
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there is a bad spot on the sanple, it.is a good indication,of the extrenes
(lack of uniformty) of the roughness if the sanple is good. The roughness
di fference between the NiAl and the C is another indication of the |arger -
variation in the C grain size. The image statistics for the NNA film
show an RMS roughness of 0.372nm a nean roughness (Ra) of 0.296nm and a
maxi mum hei ght (Rmax) of 2.798 e C film shows RMS roughness of

0. 722nm a mean roughness (Ra
4.914nm Cdearly, the C unds
consi der abl y <

M

(b) NiAL100nm/Mg0,20nm/glass
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rougher than the NiA film Asshownln Fig. 5, _40nmthick CoCrTafllms

were_deposited onto NiAl and O underlayers of jvargap 8 oR—glass
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MAGNETIC RECORDING MEDIUM WITH A M SPUTTER DEPOSITED SEED

- LAYER

This work was supported in part under a National Science

Foundation grant, No. ECD-8907068. Thé government has

certain rights to this invention.

BACKGROUND OF THE INVENTION 2 4 APR 1997

Field of the Invention
The present invention relates to thin films fér 1ongitudina1-
" magnetic recording media, and more particularly, to B2-
structured underlayers for use with a cobalt or cobalt alloy
based maénétic layer.
Invention Background

There is an ever 'increasing demand for magnetic ﬁecording
media with higher storage capacity, lower noise and lower
costs. Recording densities in computers have increased
steadily over the last .two decades.

Magnetic discs anc_l_ ‘disc ‘drives provide quick access to vast
amounts of stored information. Both flexible and rigid discs
are available. Data on the discs is stored in .circular
tracks and divided into segments within the tracks. Disc
drives typically emploir one or more disés rotated on a

central axis. A magnetic head is positioned over the disc
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t hi ckens. The steady increase is indicative of larger grains. As-

I ndi cated previously, larger grains also cause increased noise. Wth a Cr
under | ayer, the increased grain size causes a nmuch rougher surface which
interferes with-the ability of the magnetic head, or transducer, to get
close to and read the disk. - In practice, due to increased

manuf acturing costs, the underlayer is A&—mde any thicker

surface to either access or add to the stored information.
The headé for disc drives are mounted on a movable arm that
carries the head in very c1o§e proximity to the disé over the
various tracks and segments. The structure of disc drives is
well .known. | | |
The structure of a typical thin film disk is multilayered
and includes a substrate at its base covered by an
underlayer, a magnetic léyer and optionally, an overlayer at
the top. The overlayer may bé coated with an overcoat and an
organic lubricant. The magnetic layer is the main body on
which the magnetic bits are recorded. Longitudinal recording
media comprised of cobalt or cobalt alloy-based magnetic
films having a chromium or chrdmium alloy-based underlayer
deposited on a nonmagnetic substrate have become the industry
standard. Important magnetic properties, such as
coercivity (Hc), remanent magnetization (Mr) and coercive
" squareness (S*), which are crucial to the fecording
performance of the Co alloy thin £film for a fixed
compoéition,_ depend primarily on its microstructure. For
thin film longitudinal magnetic recording media, the.desired
crystalline strucﬁure of the Co and Co alloys is hexagonal
close packed (HCP) with uniaxial crystalline anisotropy and
a magnetization easy_di'reci:ion along the c-axis is iﬁ the
plane of thé £ilm. The better the in-plane c-axis
_ crystallo_graphic texture, the higher the coercivity of the Co
éllcy thin film used for longitudinal recording. This is
requir:edwto..,achiey_ga_bigh remanence. For very small grain
REPLACEMENT SHEET
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than it has to be to get the desired inprovenentRﬁyiﬁgﬁﬁg%@5"7"
t hi cknesses about equal to and greater than 100n

e S

t
g fmedi um

" the recordf

having the Ni Al underl ayer offers greater coerc'vitgquPRKQE’Kn sqdes equal

to or even slightly |ess than those of a recordjn
under | ayer. i
conpar abl e coercivities and smaller gr ai.ss_t han

medi um having fa C
ayer Joffers

he 'reg_ngj_pQ‘g‘m,__,__

sizes coercivity increases with increased grain size. Large

At a thickness of 100nm the

grains, however, results in greater noise. There is a need
to achieve high coercivities without the inciease in noise
associated with large grains. To achieve a low noise
magnetic medium, the. Co alloy thin film should have uniform
small grains with grain boundaries which can magnetically
isolate neighboring grains. This kind of microstrﬁcture and
. erystallographic texture ':.i.s normally achieved by manipulating
the deposition process, by grooving the substrate surface, or
mbst often by the proper use of an underlayer.

.Underlayers can strongly influence the crystallographic
orientation, thé grain size and chemical segregation at the
Co alloy grain boundaries. Underlayers which have been
reported in the literature include Cr, Cr with an additional
alldy element X (X = C, Mg, Al, 8i, Ti, V, Co, Ni, Cu, 2r,
Nb, Mo, La, Ce, Nd,- Gd, Tb, Dy, Er, Ta, and W), Ti, W, Mo,
and NiP. While there would appear to be a number of
‘underlayer materials available, in practice, only a very few
work well enough to meet the demands of the industry. Among
them, .the most often used and the most successful undérlayer
is pure Cr. For high density recording, in plane orientation
has heretofore been achieved by grain-to-graiﬁ epitaxial
_growth of the HCP Co alloy thin £ilm on a body centered cubic
(BCC) Cr underlayer. The polycrystalline Co-based alloy thin
film is deposited with its c-axis, the [0002] axis, either
parallel to the f£ilm plane or with a large componept of -the

c-axis in the film plane. It has been shown by K. Hono, B.
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medi a havi ng a O underlayer. In addition, the recording nmedium has a
better in-plane c- axis filmcrystall ographic texture when NNA s used as
.the wunderlayer than it does when Cr is the underlayer. The NNA “film has

its {110} and {112} planes preferentially oriented parallel

tothe film

pl ane. This is supported by X-ray diffraction studies which show that
the CoCrTd filmon the N A underlayer _[fas a | arger (1010)[err] peak than

t he CoCr Ta

filmon a Cr_underlayer. Fig.. 6_provides a _conparison of x-
Wong, and D.E. Laughlin, "Crystallography of Co/Cr bilayer

magnetic thin £ilms®", Journal of Applied Physics 68 (9) p.
4734 (1990), that BCC Cr underl.ayers promote grain-to-grain
epitaxial growth of HCP Co alloy thin films deposited on
these underlayeré . The heteroepitaxial relationships between
Cr and Co which bring the -[0002]& axis down or close to the
film plane are  (002).//(1120), (11030,//(10I1)c,.
(110).// (1010),, and (112).//(1010).,. Different Co/Cr
epitaxial relationships preva;i.l for different deposition
processes. To obtain a good BCC structure which promotes the
formation of the HCP structure, the Cr underlayer must b.e
thicker than about 100 A. U.S. Patent No. 4,652,499
discloses efforts to impirove the underlayer by adding
vanadium (V) to Cr to change its lattice constant and thereby
to promote a better latti_ce matching Setween the HCP Co
alloys, CoPt or CoPtCr, and the BCC CrV underlayer.

In perpendicular magnetic recording media, a thin film layer
which is sometimes called a precoat or a seed layer, is
commonly deposited between the substrate and the underlayer
to isolate the wunderlayer from ©possible substrate
contamiﬂants. "Materials used for this layer with varying
degrees of success include Al, Ti, Ni,P, Tisi,, Cr, C, Ta, W
and Zr. A. Nakamura and M. Futamoto, "Epitaxial Growth of
Co/Cr Bilayer Films on M_go Single Crystal ISubstratés", J.
Applied Physics, Vol. 32, part 2, No. 10A, L1410 (October,
1993) describes a Co film deposited on a single crystal MgO

(002). A (1120) bicrystalline longitudinal magnetic

24 APR W97

A ot PR n—l




L4

ray diffraction spectra of the CoCrTa/ NNAl and CoCrTa/Cr films with their

Hc val ues marked on each curve. The Ni Al spectrum has a nuch stronger HCP

Co (1010) peak adjacent the ‘Ni Al (110) peak which is believed to reflect a
(112) NNAl  texture which is weak or not present at all in the C -

underl ayer. Simlar studies were perforned for CoCrPt filnms. The in-

pl ane coercivity of a 40nm CoCrPt filmisSplotted in Fig. 7 as a function

of underlayer thickness for NN Al _and Cr* under|layers. It shows that for a
t hi cker und&€cprding medium, CoCrPt/Cr, formed on a MgO single crystal

disk substrate is described in M. Futamoto et al., "Magnetic

‘' and recording characteristic of bicrystalline longitudinal
recording media formed on an Mg0 single crystal disc
- substrate", IEEE Transactions on Mé.gnetics, Vol. 30, No. 6,
p.3975 (199%4). Because of the anisoﬁropic magnetic
properties and hence, the recording properties, around the
circumference of the single c.rystal disk, this disk is of
limited utility.

The need for lighter, smaller and better performing
computers with greater storage density demands higher density
hard disk media. It is aﬁ ébject of the present in'ventién to
meeﬁ those demands with a longitudinal magneticl recording

. media having high coercivity and low noise.

SUMMARY OF THE INVENTION

The. object of the invention is satisfied by a recording
media incorporate& in a disc drive having a rotatable disc
for operation in conjunction with magnetic transducing heads

| for the recording and reading of magnetic data. The improved
recording media has é novel seed layer on which to induce the
(002) crystallographic texture in an underlayer for the
magnetic £ilm of the media. The magnetic reco:;:ding medium of
the invention is comprised of a substrate, a magnetic layer,

_ preferably formed from Co or Co alloy film, and a seed layer
comprised of a material having a Bl- ordered crystalline
structure with a _(002) texture, such as MgO, sputter
REPLACEMENT SHEET
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CoCrPt/Ni Al filmhas a higher coercivity than the CoCrPt/Cr

19 film Fig. 8 is the x-ray diffraction spectra of CoCrPt/Ni Al and
CoCrPt/Cr films which show that the CoCrPt filmon the N A underlayer has
a stronger (1010)[err]. peak than does the :

6 _
deposited on the substrate. An underlayer is also provided
which is comprised of a material having either an A2
structure or a B2- ordered crystalline structure disposed
between the seed layer and the magnetic layer. The A2 phase
is preferably Cr or a Cr alloy, such as CrV. The B2 phase is
selected from the group consisting of NiAl, AlCo, FeAl, FeTi,
CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg,
and Al,FeMn,, and is most preferably FeAl or NiAl.

The underlayer may be formed in multiple layers wherein each
layer is a differenﬁ one of the foregoing materials. The Co
or Co alloy used as the magnetic layer has a héxagonal close
packed (HCP) structuré and is deposited with its c-axis, the
magnetic ea.sjr axis (the direction in which it is easily
magnetized) , 8substantially paraliel to the plane of the
magnetic layer. |

The recording medium may also include a chromium or chromium

" alloy intermediate layer interposed between the magnetic
layer and the underlayer.  The intermediate layer i=s
relaﬁively thin, preferabiy between about 10 to 500 A.
Thinner layers can provide some improvement provided the
layer is thick enough to form a substantially continuous
layer on the surface 6f the underlayer.

The magnetic layer may be cﬁvered by an overlayer which in
turn may be covered by an overcoat. AaAn organic 1ub¥:i.cant is
preferably added over the overcoat.

In an alternative arrangement, there may be a first_ magnetic

'layer and a second magnetjc laiyer with one or more

s
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sanme filmon C underlayer, which again is an indication of a better

i n-plane c-axis filmecrystall ographic texture. Fig. 11 denonstrates that
anot her phase with the B2-structure, FeAl, also produces a strong
(1010)[err] peak. Pt is added to Co-alloys to inprove coercivity, but at a
15 - 20% Pt content, the magnetic |ayer does not lattice match well with
the O underlayer. The addition of the-Zacger Pt atomto the Co alloy is

bel i eved to ,expand the atom c spacing so that there is,no_|longer a _good
'attice mat sREAFLAVERS Gisnnane Iboﬁfé?e.e‘?:i the 8t‘€1‘1’s’6agﬂ8'v"%°a1?§'68'2)'[ er’ﬁje
peak, whi Chigx(i:':felrﬁ.ca:.tysér is typically Cr, of about 10 to 40 A. ' The second
magnetic layer mﬁy ‘be covered by the
overlayer/overcoat/1ubricant layers described above.
Materials with the B2 structure are orderéd st_:ructural
derivatives of the body c_ehtered cubic (BCC) s_trﬁéture, which
is the structure of Cr. .NiAl, for example, is a Hume-Rothery
. B-phase electron compound with a valence electron/atom ratio
of 3/2 which gives a B2 crystalline structure, shown in Fig.
2(b). NiAl has a lattice constant of 0.2887nm, almost
identical to that of Cr, 0.2884nm. By placing the B2-
ordered. 'stlructure on the substrate, below the magnetic layer,
the Co or Co alloy films, when. deposgited, either directly or
through an intermediate Cr. or Cr alloy layer, grow
.epitaxially at the B2 inj.:erface and reorient the HCP c-axis
away from being random or normal to the film plazie,' yielding
‘a stable, impfovea thin film microstructure with magnetic
properties which are particularly well suited to high density
recording. NiAl, for example, nia.i_ntains its B2 structure
stable up to the melting point of 1911K and the structure
does not change over a wide composition :r:ahge from 41.5 to 55
at% Al at 673K. Strong bonding between the metallic atoms
slows the atomic mobility during the £film’s deposition
thereby yielding a smaller graih size film than is present
with the Cr underlayer. A small gfain size can benefit the
'recording properties of the media by increasing the number of
grains per unit area and hence, lowering the media noise.

REPLACEMENT SHEET
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a poor epitaxial growh to the C underlayer. This phenonenon does
not appear to take place when the NNAl is wused as the underlayer. The N Al
and FeAl spectra reveal a strong (1010)[err] peak and the absence of .the
(0002) peak, which 1is indicative of a good |ongitudinal structure. N Al
has not been heretofore used as an underlayer for thin filmlongitudinal
magneti c recordi ng nedi a. The sputter —&leposited NNAl filns have sial

grain size and enhance the Co _alloy filns' {1010} texture. The ugderll_a ers
of the preserk® addition, NiAl is 'nonmagnetic with an extremely lo

magnetic susceptibility, on the order of 2x107 to 5x10°7
emu/g, has good thermal conductivity, high stiffness, and

good environmental corrosion resistance.

_ BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present inveni:ion can be better
understood by reference to the drawings in which:

Fig. 1(a) - (c¢) are schematic illustrations of embodiments
of a multilayer structure of the thin f£ilm disk of the

" present invention;

Fig. 2(a) and (b) depidt the crystal structures of Cr (BCC)
and NiAl (B2), respectively: | |

Fig. 3(a) and (b) show the bright field TEM micrographs of
a 100nm NiAl film (a) and a 100nm Cr £ilm (b):

Fig. 4(a) and (b) show atomic force microsco;ﬁe (AFM) views
of a NiAl film (a) and a Cr film (b);

Fig. 5 is a plot of coercivity vs. underlayer thickness of
a 40nm thick CoCrTa film sputter aeposited without substrate
bias on either NiAl or Cr underlayers;

Fig. 6 shows the coercivity value énd the x-ray diffraction
spectra of CoCrTa/Cr and CoCrTa/NiAl £films on glass
substrates, where the CoCrTa layers are 40nm thick and the Cr
and NiAl underlayers are 100nm thick:;

Fig. 7 plots the coercivity of .a 40nm thick CoCrPt film. as

a .function of wunderlayer thickness for NiAl_ and Cr

underlayers;

REPLACEMENT SHEET
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Jinvention enhance the in plane c-axis orientation and therefore

| nprove the magnetic properties of the thin film disk with a glass
substrate. Sinilar inprovenents can be found when other substrates, such
as alum numall oy substrates coated with NiP or silicon substrates are

used.
-2

Fig. 8 shows the coercivity value and the x-ray diffraction
spectra of CoCrPt/Cr and CoCrPt/NiAl films on glass
substrates, where the CoCrPt layers are 40nmm thick and all
the uﬁderlayers are 100nm thick; '

Fig. 9 shows the coercivity value and tﬁe x-ray diffraction
spectra of a CoCrTa/NiAl film with and without a 2.5nm thick
Cr intermediate layer betweén the CoCrTa layer and the NiAl
layer:;

Fig. 10 shows the coercivity'value and the x-ray‘diffraction
spectra of a CoCrPt/NiAl film'witﬁ and without a 2.5nm thick
Cr intermediate layer between the CoCrPt layer and the Nial
layer;

Fig. 11 shows the coeréivity'value and the x-ray diffraction

" spectrum of a 40nm thick CoCrPt film on a 100nm thick FeAl
underlayer on glass substrate; _

Fig. 12 shows the x-ray diffraction spectra of NiAl films
of 100nm and 500nm thickness on glass substrates;

Fig. 13 shows the x-ray diffraction spectra of FeAl £ilms

of 100nm and 740nm thickness.on glass substrates;
_ Fig. 14 plots carrier to total integrated noise ratio (CINR)
as a function of the linear density for two disks, CoCrTa/Cr
.and CoCrTa/NiAl, with bias sputtered magnetic layers and
unbiased sputtered underlayers;

Fig. 15 plots the carrier to total integrated noise ratio
(CINR) as a function of 1inear density for two disks,

CoCrTa/Cr and CoCrTa/NiAl, with unbiased sputtered magnetic

and underlayers; E{L L ACLMP o o1 N‘,{‘i
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20 Simlar results on alternative hard di sk substrates such as canasite,

or SiC should be obtained al so. The underl ayer of the present invention

. may be used as the underlayer for other Co alloy thin films, such as CoCr,
SmCo, CoP, CoPt, CoNiCr, CoNPt, CoCrTaSi, CoCrPtSi, CoCrPtB, and

CoCr Pt Ta.

alloy thin filns on Ni Al underl ayers candt8e attained if an internediate

Further inprovenent in the magnetic properties of the

Co

e of O ory O g4 Lgnls ISgrie] Bebieen, (e 08! LoYal BaLE! (oY e

as a function of linear density for the two disks of Fig. 14;
Fig. 17 plots the total medium integrated noise power (MNP)
as a function of linear density for the two disks of Fig. 15;
Fig. 18 (a) - (c) show the cryst.al structure of the MgO, and
the lattice match of the atomic planes Mgo' (002) with Cr
(002) and NiAl (002), respectively;

Fig. 19 (a) and (b) show a transmission electron microscopy

- (TEM) bright field image of a 100nm thick MgO film on a glass

substrate (a) along with its electron diffraction pattern
(b);

Fig. 20 is an x-ray diffraction spectra of the
CoCrPt (40nm) /Cxr(100nm) :Eilmé with various thicknesses of MgO
seed layers;

Fig. 21 is an x-ray diffraction spectra of the

CoCrPt (40nm) /NiAl (100nm) films with no seed layer and on

various thicknesses of MgO seed layers;

Fig. 22 is an x-ray diffraction spectra of the
CoCrPE (40nm) /Cx (100nm) and CoCrPt(40mm) /NAAL(100mm) £ilms
with a 10nm Cr seed layer and without a seed layer;

Fig. 23 plots the in-plane coercivity of CoCrPt(40mm) vs.
its Cr underlayer thickness for MgO seed layers of Onm, 5nm,
20nm and 50nm thicknesses;

Fig. 24 plots the in-pléne'coercivity of CoCrPt(40nm) vs.
its NiAl underlayer thickness for MgO seed layers of Omm,
5nm, 20nm and 50nm thicknesses;

Fig. 25 (a) - (d) show a TEM bright field image of plane-

REPLACEMENT SHEET
24 APR 1997

SSESTPRINT R L S S Y R el



£

underlying NN Al texture is transmtted to the internediate & layer. Fig.
9 shows the x-ray spectra of a CoCTa/NA film wth and without a 2.5nm
Cr internediate | ayer between the CoCrTa |layer and the Ni Al layers. From
Fig. 9it is apparent that when a very thin layer of Cr is placed between
Ni Al and CoCrTa, the high quality texture of the Co (1010) is maintained
and the coercivity is inproved. It has bddn found that an intermediate

| ayer 22 of "¢r havin a( t hi ckness Iess) t han about 1.0nm does not foIma
conti nuous NAF¥ _CoCr%t 40nm) /Cr(100nm) £ilms on MgO seed layers of (a)

Onm (b) 5am (c) 2Qnm (d) 50nm thicknesses;

Fig. 26 is an atomic forcé microscopy (AFM) micrograph of_'
Cr, 100nm on a glass substrate;

‘Fig. 27 is an AFM micrograph of Cr, 100nm on a MgO, 5nm seed
layer on a glass éu.bstrate;

Fig. 28 is an AFM micrograph of Cr, 100nm on a MgO, 50nm
seed layer on a glass substrate; |

Fig. 29 shows bright field TEM miérographs of
CoCrPt (40nm) /NiAl (100nm) £films on MgO seed layer (a) and on
a 1l0nm Cr seed layer (b):; and, |
Fig. 30 (a) and (b) are AFM surface plots of 100hm NiAl
films with MgO seed layers of 10nm(a) aﬁd 20nm (b) on smooth

glass substrates.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The recording media of the. invention may be a rigid magnetic
disc rotatable about an axis that is incorporated into a disc
_ drive (not shown). Typically, the disc drive includes a
mag:ietic transducing head, or slider, which is supported on
a movable arm which is in turn part of a suspension assembly
for ﬁtoving the head over the sﬁrface .of the disc. The
transducing head, when moving bver the surface of the disc
during normal operaﬁion, is maintained in a spaced,-parallel
relationship relative to the surface of the disc, in close
proximity to the dise. A typical distance is 10 pin or less.
Disc drives such ag..this._.are standard equipment in the
- {REPLACEMENT SHEET
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substantially conti.nuous |ayer is apparently needed to give consistent
results. At 1.Oonmto 5.0nmthickness and above, however, the inproved
coercivity is marked and consistent. Thicknesses above 5.0nm continue to
provide good coercivity, but produce no significant inprovenent. The
conbi nation of a CoCrPt magnetic layer, a Nl Al underlayer and a very thin
(about 2.5nm) Cr internediate |ayer dispb&ed between the nagnetic |ayer
and the underl ayer increases the coercivity even nore significantly, by
450 Ce. |finflustsyalt aofeey Mee, C.D. and Daniel, E.D., MAGNETIC
RECORDING, Vols. I - III (McGraw-Hill pub. 1987); F.
Jorgenson, The Complete Handbqok of Magnetic Recording,
Chapter 16 (3rd. ed. 1988), and U.S. Patent No. 5,062,021,
‘the relevant disclosures of which are incorporated herein by
reference. The magnetic recording media of the present
invention may also be used with flexible magneti.d discs using
known flexible substrates.
Referring to Fig. 1l(a), the magnetic récording'medium 10 of
the present invention, which is incorporated into the disc
- drive, is comprised of a substrate 12, an underlayer 14 and
a magnetic layér 16. In.addition, there maybe an overcoat
20,'as shown. An intermediate layer 22 of Cr may be disposed
between the underlayer 14 and the magnetic iayer 1s. An
organic lubricant 24 is preferably applied to the overcoat
20. In an alternative arrangement, shown in Fig. 1(b),
there may be first and second magnetic layers, 16’ and 16’’,
and one or more interlayers 30 disposed between the first
magnetic layer 16’ and a second magnetic layer 16’’. The
interlayer 30 is preferably made 6f Cr and is about 1nm to
4nm (10 to 40 A) thick. The second magnetic layer 16’’ is
° covered by an overlayer 18, the overcoat 20, and the organic
lubricant 24 shown in Fig. 1(a). A seed layer 28 about 1l.0nm
to 50nm (10 to 500 A) thick may be disposed between the
_gubstrate 12 and the underlayer 14 to nucleate growth. The

seed layer 28 may be made of Cr.

In another preferred embodiment of the recording media of

Bt
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21 magneti c Iayer has only the 2.5nmthick C layer wthout the

Ni Al underlayer the Co layer tends to remain either face -~ centered

cubic (FCC) or orients [0001] perpendicular to the. pl ane of the

firlm | Fig. 10 shows the x-ray spectra of a CoCrPt/Ni Al filmwth
13 |

the present invention shown in Fig. 1(¢), the seed layer 28
- is a Bl- ordered cryétalline structure with a (002) texture
sputter deposited'dn the substraté beneath the underlayér,'
The préferred seed layer of this_embodimeht is a thin 1ayér
of MgO having a (002) textﬁfe when spﬁtter déposited on the
substrate. The seed 1a?er forms a substantially continuous
layer up to 50nm in thickness, and ﬁreferabiy-up to 20nm in
thicknéss. In the preferred embodiment, the seed layer is
about 1.0nm to 50nm (10 to 500 A) in thickness, and
preferably between about 1.0mm to 20nm (10 to 200 A) in
thickness, more preferably about 2.5 to 20nm (25 to 200 A) in
thickﬁess, and most pféferably between about 2.5nm to 10nm
{25 to 1004) in thickness. |

In the preferred embodiment, the substrate 12 is formed of
a nonmagnetic material, such as glass, silicon or an aluminum
alloy coated with NiP. Alternative hard disk substrates such
.as canasite; or SiC may be used.

The magnetic layers 16, 16’ and 16’’, are deéosited'with the
longitudinal magnetic easy axis thereof substantially
parallel to the plane of such magnetic layei, are preferably
.aICO or Co alloy £ilm, such as CoCr, SmCo, CoP, CoPt, CoNiCr,-
CoNiPt, CoCrTaSi, CoCrPtSi, CoCrPtB, CoCrPtTa, or other known
Co alloy magnetic films and are each about 5 -~ 60nm (50 - 600
A) thick.

The B2- ordered crystalline structure of the underlayer 14

is shown in Fig. 2(b). The underlayer 14 is most preferably

Nial. It is about-.10.—-200nm-—100 - 2000 A) thick.
REFLACEMEN N7 SHRET
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I'na'er. The increase in coercivity is even nor e

Jg,anit e increase shown in Fig. 9 using a CoCr Ta magneti c
| atftijce constant of the cobalt HCP structure is
reased when the |arger Pt . atomis substituted for

r lattice nmatch 14 between the CoCrPt and the

Co. Hence a
L—andeﬁ'ﬂ'ﬁf""r"g"éults This is obvious in Fig. .8 where CoCrPt on

Cr showed rmlferdOivélprakthe underlalyed | may Thes Relk dess maluipler the

Ni Al under

| ayer,
layers, alternating between a NiAl layer and a FeAl layer.

Other phases having a B2- ordered structure and lattice
constants close to that of NiAl (a = 0.2887nm), FeAl (a =
0.291nm) and Cr (a = 0.2884nm) (which is not itself a B2-
ordered structure) are also considered to be good candidates,

for the underlayer of the present invention. The materials

are
AlCo (a = 0.286nm), FeTi (a = 0.298), CoFe (a = 0.285anm),

CoTi (a = 0.2§9nm), CoHf (a = 0.316nm), CoZr (a = 0.319mm),
NiTi (a = 0.301lnm), CuBe (a = 0.270nm), CuZn (a = 0.295nm),

AlMn (a = 0.297nm), AlRe (a 0.288nm), AgMg (a = 0.328nm),
and Al,FeMn, (a = 0.296nmm). It is anticipated that an
underlayer comprised of two or more layers of different

materials within the foregoing list may be used. For

. example, it is believed that a multiple layer having a first

layer of NiAl and a second layer of FeAl, AlCo, FeTi, CoFe,
CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg or
Al,FeMn, may be used. Various combinations of multiplé layers
wherein each layer is one of the B2- ordered crystalline
phases may be employed as the underlayer of the ﬁresent
invention.

In the embodiment of the imfent_ion shown in Fig. 1(c) having
a sputter deposited (002) MgO seed layer, the underlayer may
be the B2- ordered material described above or may be an A2
structure, such as Cr or a Cr alloy, such as CrV.

An overlayer 18, which is thought to prevent corrosion, may

':=_5nm O internediate |ayer between the CoCrPt - | ayer
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however . It is believed that the difference can be

attributed to the ability of NNA to forma better (112) texture
than Cr. Although it is not visible on the x-ray diffraction
patterns, this peak should show up at 2[err] = 81.86 degr ee.

Thi cker films show this peak as shown in Figs. 12 and 13 for the
Ni Al ‘and FeAl underlayers. The (112) texl8re - represents a good
lattice match to the Co(1010) texture. Furthernore, by conparing
Fi gs. 8 andbe0 prawidednadjacent to and| prefemablyedfe SPntASPWigh ot
K|Pg\|er {Ma%/ﬁr a(wno ( :%:Oi]éo)la%eea:}:k 16 or 16’° ?nd'.l'l?e locirve\ezflacfeez[ C1|8V Iitsy gl. 9”:90%0{{3- on

100 A) thick and may be made of W, Ta, Zr, Ti, Y, Pt, Cr or .
any combination thereof.

An overcoat 20 may be provided extérnal to the overlayer 18,
so that the overlajrer 18 is positioned betﬁeen the magnetic
layer 16 or 16’’ and the overcoat 26, as shown in Figs. 1l(a)

H
ind (b). The overcoat provides a mechanical wear layer and

fs 2.5 - 30nm (25-300 A) thick. It is preferably made of a

ceramic material or diamond like carbon, such as Si0,, SiC,

CN, 2x0O, or C. An organic lubricant 24 may be disposed on
the overcoat 20. The lubricant is lnm to 30nm (10 to 300 A)
thick and is preferably a fluoro-chlorocarbon or a
perfluoroether. Examples include CCl1l,FCClF,, CF,(CF,) CF,,
CF, (CF,) .CF,, CF,(CF,),,CF;, and CF, (CF,) ,,CF;.

To compare the in-plane magnetic properties of one
embodiment of the magnetic recording medium of the present
invention, CoCrTa and CoCrPt £ilms were spﬁtter-deposited

‘ onto Cr or NiAl underlayers on glass substrates by techniques
‘'well known to those skilled in the art. Vibrating sample
magnetometry (VSM) was ’ used to measure the magnetic
properties. In the following experimental examples, RF diode
sputtering was used for film deposition onto smooth glass
substrates which were not mechanically textured.

A 100nm NiAl £ilm was deposited onto a glass substrate. Its

microstructure, as observed by transmission electron

2 4 APR W9/

microscopy (TEM), is compared with a similarly deposited Cr
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I nternmedi ate | ayer i s apparent .' _ - Tests were done to conpare the
carrier to total integrated noise ratio (CINR) as a function of
the linear recording 22 density,
measured in kilo flux changes per inch (KFC) for
16
film and shown in Figs. 3a and 3b. The NiAl film, Fig. 3a
shows a grain size of abéut 15nm which is noticeably smaller

(about 50%) than the grain size of the similarly sputter
deposited Cr f£ilm, Fig. 3b. The grain size of the uﬁderlayer
strongly influences the grain size of the Co based magnetic
layer. It is believed that the strong atomic bonding within
the-two atom structure of NiAl inhibits the mobility of the
Ni and Al atoms and so limits the growth of the grains. The
small, well faceted grains of NiAl promote the formation of

. smaller, more well defined grains in the magnetic layer.
Smaller grains reduce noise in the recording media.

A roughness analysis was done also using an atomic force
microscope (AFM). The AFM uses an extremely small sharp tip
to scan the sample surface and measures the atomic attraction
between the sharp tip and the surface of the samplé. The AFM
can thereby determine on a very small scale the topology of
the sample surface. The white and dark areas of Figs. 4(a)
and (b) represent height differences of the NiAl and Cr
underlﬁyer filme, respectively, of 100nm thickness. The
images clearly show that the Qrains (diameter of bﬁmps) of
the Nial films, Fig. 4(a) are much smaller and more uniform
than are thé Cr grains, Fig. 4(b). 8Small and uniform grains
implies lower noise if everything else about-the'media is
equal. The foughness is a measure of the vertical height
variations as one scans over the sample surface. The root
mean square (RMS) and mean {average) roughness (R;) are two

different ways of calculating the roughness from. the same




:EjﬁLA@E%ﬂﬂwptaiblfs for taking total integrated noise data are well

, Se Tled in the art. See, for exanple, Belk et al.,
insic signal-to- noise ratio for high-performance
pdifa, *  Journal of Applied Physics, Vol. 59, No. 2, p. 557
.| The results are plotted in Fig. 14. The wunderl ayers
re sputter dep05||ed on a glass substrafe w thout bias and the magnetic

-~geposited with bias, “i.e. with an applied voltage to the
surface. Thdata. While the maximum helght (Rmax) can be misleading if

there is a bad spot on the sample, it is a good indication of
the extremes (lack of'uniformiﬁy) of the roughness if the
sample is good. The roughness difference between the NiAl
and the Cr is another indication of the larger variation in
the Cr grain size. The image statistics for the NiAl film
show an RMS roughness of 0.372nm, a mean roughness (Ra) of
0.296nm and a maximum height (Rmax) of 2.798nm. The Cr film
shows RMS roughness of 0.722nm, a mean roughness (Ra) of
0.581n:m.and a maximum height (Rmax) of 4.914nm. Clearly, the
Cr underlayer has both larger grains and is considerably
rougher than the NiAl f£ilm.

As shown in Fig. 5,-40nm thick CoCrTa £f£ilms were déposited
onto NiAl and Cr underlayers of various thickness on glass
substrates. The in-plane.coercivities of the magnetic £ilms
were plotted as a function of the underlayer thickness. When
the underlayer is greater than 100nm thick, the CoCrTa/NiAl
films have a higher coercivity, Hc, than the CoCrTa/Cr films
for comparable thicknesées. In both cases, the coercivity
increases and then reaches a plateau as the underlayer
thickens. The steady increase is indicative of larger
grains. As indicated previously, larger grains also cause
increased noise. With-a Cr underlayer, the increased grain
size causes a much rougher surface which interferes with the
ability of the magnetic head, or transducer, to get close to
and read the disk. In practice, due to increased

‘manufacturing costs, the ﬁnderlayer iz not made any thicker
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di sk represented by squares was CoCrTa/ Cr havi ng a coercivity ~of 1700 Oe
The disk represented by circles was CoCrTa/Ni Al having a coercivity of
1400 Ce. The disks having NI Al as the wunderlayer were determ ned to behave
conparably to the disks having C as the underlayer, but the coercivities
were sonewhat lower in this sanple for NNA filnms when the magnetic |ayer
is deposited with bias. The noise |levelsl8ere also sonewhat lower. In
order to conpare recordings on media with simlar coercjvities but
different Utdem agérshadi ske e e tspugesr cthe desired improvement in
coercivity. At thicknesses about equal to and greater than
100nm, the recording medium having the NiAl underlayer offers
* greater coercivity af thicknesses equal Eo or even slightly
less than those of a recording medium having a Cr underlayer.
At 'a thickness of .100nm, ~the NiAl underlayer offers
comparable coercivities and smaller grains than the recording
media having a Cr underlayer.

In addition, the recording medium has a better in-plane c-
axis film crystallographic texture when NiAl is used as the
underlayer than it does when Cr is the underlayer. The NiAl
film has its {110} and {112} planes preferenﬁially oriented
parallel to the film plane. This is supported by X-ray
diffraction studies which show that the CoCrTa £f£ilm on the

. NiAl underlayer has a larger (IOIO)co peak than the CoCrTa
film on a Cr underlayer. Fig. 6 provides a comparison of x-
'ray diffraction spectra of the CoCrTa/NiAl and CoCrTa/Cr
films with their He values ma.fked on each curve. The NiAl
spectrum has a mt;ch strongexr HCP Co (10I0) peak adjacent the
Nial (_110) peak which is believed to reflect a (112) NiAl
texture which is weak or not present at all in the Cr
underlayer. |

Similar studies were performed for CoCrPt films. The in-
plane coercivity of a 40nm CoCrPt film is plotted in Fig. 7
‘as a function of underlajrer thickness for NiAl and Cr

_ underlayers. It shows that for a thicker underlayer, the
CoCrPt/NiAl £ilm has a higher coercivity than the CoCrPt/Cr
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w thout bias. Tests were done to conpare the C REPMCEMEMObHEmht egrat ed
noi se (CINR) between the two disks. The resulfsjare shown in Fig. 15. The .
di sk represented by the squares had a CoCrTa nmpghet? g ApRy/ §¥970n| af Cr
underlayer and a coercivity of 1000 Ce. The dig$kjrepresented by Eircles
had a CoCrTa magnetic |layer and a Ni Al underl aye ty of
1150 Ce. Again, the behavior of the two_I8 sks

TR S R 0 e pmaomal

film. Fig. 8 is the x-ray diffraction spectra of CoCrPt/N1A1
and CoCrPt/Cr films which show that the CoCrPt £ilm on the
NiAl underlayer has a stronger (10-]:0)&, peak than does the
gsame film on Cr underlayer, which agaih is an indication of
a better in-plane c-axis film crystallographic texture. Fig.
11 demonstrates that another phase with the B2-structure,
FeAl, also produces a strong (10?0)c° peak. Pt is added to
Co alloys to improve coercivity, but at a 15 - 20% Pt
content, the magnetic layer does not lattice match well with
the Cr underlayer. The addition of the larger Pt atom.to the
Co alloy is believed to expand the atomic spacing so that
there is no longer a good lattice match with the Cr
underlayer. Fig. 8 also shows a (0002) ., peak, which reflects
a poor epitaxial growth to the Cr wunderlayer. This
phenomenon does not appear to take place when the NiAl is
used as the underlayer. The NiAl and FeAl spectra reveal a
strong (IOEO)“ peak and the absence of the (0002) péak, which
is indicative of a good longitudinal structure.

NiAl has not been heretofore used as an underlayer for thin
film longitudinal magnetid recording media. The sputter
deposited NiAl f£ilms have small grain size and enhance the Co
alloy films'{loio} texture. The underlayers of the present
invention enhance the 'in plane c¢-axis orientation and
therefore'improve the magnetic properties of the thin £ilm
disk with a glass substrate. Similar improvements can be
found when other substrates, such as aluminum alloy

substrates coated with NiP or silicon substrates are used.
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was

conparable with the Ni Al di sk show ng | o
plots the 'nedi umintegrated noise power (MP)
density.

the voltage pul se one would obtain if the signgl 24rAPR
frequencies (i.e., : ' f

Fi g.
i near

at | ow

16

The MNP represents the total integratjed noise omé i vi ded by
é@%%d d

20

Similar results on alternative hard disk substrates such as
canasite, or SiC should be obtained also. The underlayer of
the present invention may be used as the underlayer for other
Co alloy thin £ilms, such as CoCr, SmCo, CoP, CoPt, CoNiCr,
CoNiPt, CoCrTaSi, CoCrPtSi, CoCrPtB, and CoCrPtTa.

Further improvemeﬁt in the magnetic_properties of the
Co alloy thin films on ﬁiAl underlairers can be attained if an

intermediate layer of Cr or Cr alloy is inserted between the

- Co alloy thin film and the NiAl underlayer. Furthermore, the

underlying Nihl texture ié transmitted to the intermediate Cr
layer. Fig. 9 shows the x-ray spectra of a CoCrTa/NiAl film
with and without a 2.5nm Cr intermediate layer between the
CoCrTa layer and the NiAl layers. From Fig. 9 it is apparent
that when a very thin layer of Cr is placed between NiAl and
CoCrTa, the high gquality texture of the Co. (10I0) is
maintained and the ¢oércivity is improved. It has been found
that an intermediate layer 22 of Cr having a thickness less
than about 1.0nm does not form a continuous layer. A

substantially continuous layer is apparently needed to give

_ consistent results. At 1.0nm to 5.0nm thickness and above,

however,. the improved | coeréivity is ma:;ked and consistent.
'I'h:i.ckhesses above 5.0nm continue to provide good coercivity,
but produce no signific#nt improvement. The combination of
a CoCrPt magnetic layer, a NiAl underlayer and a very thin
(about 2.5nm) Cr intermediate layer disposed between the
magnetic layer and the underlayer increases the c_oercivity

even more significantly, by 450 Oe. If the cobalt alloy



IE@?,?B&CMTpSHEETHei ght). Fig. 16 shows the results for the disks of

' the magnetic |ayer are not deposited with bias. The
dem)nst ratp that the dispositioRlof the Ni Al underl ayer between
~The magnetic |layer is at “at least as valuable, if not nore
so, to the vagmetdd Belyer bﬁsobnﬂ-m'ethee%@m@hh%bl%rtlﬁﬂ‘ﬁﬁ vl Ehomt he

di sposition of a Cr
NiAl underlayer, the Co 1ayer tends to remain either face

t

Fsg T2 Fg. I7 plpts the MNP as a function of Ilinear density for the
d‘s<s;_o AIIB!-‘goiggyS The results for the disks in Figs. 16 and 17 are
conparable, with {ojer noise for the disk having the Nl Al underlayer,
p

r

centered cubic (FCC) or.orien’cs [0001] perpendicular to the
plane of the film. _

Fig. 10 shows the x-ray spectra of a COCrPt/NiAi film with
and without a 2.5nm Cr intermediate iayer between the CoCrPt
layer and the NiAl layer. The irierease in coercivity is even
more dramatic than the increase shown in Fig. 9 using 'a
CoCrTa magnetic layer. The latti.ce constant of the cobalt
HCP structure is significantly increased when the larger Pt
atom is substituted for Co. Hence a poorer lattice match
between the CoCrPt and the underlayer results. This is
obvious in Fig..8 where CoCrPt on Cr showed no Co (IOIO) peak
at all. This _peak does occur for the NiAl underlayer,'
however. It is believed that the difference can be
attributed to the ability of NiAl to form a better (112)
texture than Cr. Altheﬁgh it is not wvisible on the x-ray
~diffraction patterns, this peak should show up at 20 = 81.86
degree. Thicker films show this peak as shown in Figs. 1.2

" and 13 for the NiAl and FeAl underlayers. The (112) texture
represents a goed lattice match to the c<>(10i0) texture.
Furthermore, by comparing Figs. 8 and 10, the dramatic
difference between CoCrPt on a Cr underlayer (no (1050) peak
and a lower coercivity) and CoCrPt on NiAl with a thin
:.ntermed:.ate layer is apparent. |

Tests were done to compare the carrier to total :m.tegrated

noise ratio (CINR) as a function of the linear recording



underlayer. It is anticipated that thin filml onan?%ACEf‘@NMHEET

~ recording nedia having Ni.Al underl ayers, or othef B2 ordered stfugtures as
under| ayers, will, with mnor optimzation, perfo mZ4 &PRo@%7er | t han t he
conparable products with C underlayers. In the gnbodi nent of fh
i nvention wherein the magnetic recording nedia has a seed Tay sjputter
deposited on the substrate beneath the_g@der| ayes—it.-has, been fdund that
thin Iayers of MJOwith a Bl- ordered crystalline structure an
: density, measured in kilo flux changes per inch (KFCI) for

two disks. Procedures for taking total integrated noise data
'ar.e well known to those skilled in the art. See, for
example, Belk et al., "Measurement of intrinsic signal-to-
noise ratio for high-perfofmance rigid recording media,"
Journal of Applied Physics, Vol. 59, No. 2, p. 557 (15
January 1986). The results are plotted in Fig. 14. The
underlayers were sputter deposited on a glass substrate
without bias and the magnetic layer wa.é sputter deposited
with bias, i.e. with an applied voltage to the surface. The
disk represented by squares was CoCrTa/Cr having a coercivity

. of 1700 Oe. The disk represented by circles was CoCrTa/Nial
having a coe:;civity of 1400 Oe. The disks having NiAl as the
underlayer were determined to behave comparably to the disks
having Cr as the underlayer, but the coercivities were
somewhat lower in this sampie for NiAl films when the
magnetic layer is deposited with bias. The noise levels were
also somewhat lower._

In order to compare recordings on media .with similar
coerciviti_es but different underlayers, disks were sputtered
without bias. Tests were done to compare the carrier to
total integrated noise (CINR) between the_ two disks. The
results are shown in Fig. 15. The disk represented by the
squares had a CoCrTa magnetic layer on a Cr underlayer and a
coercivity of 1000 Oe. The disk represented by circles had
a CoCrTa magnetic layer and a NiAl wunderlayer and a

coercivity of 1150 Oe. Again, the behavior of the two disks



(002) filmtexture inprove the texture and naé;f” 0
and Co alloy thin filnms. The MyO seed i 1 layer nay D
.enhance the texture of underlayers conprised lof] epthgppt;
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was comparable with the NiAl disk showing lower noise
somewhat. _

Fig. 16 plots the medium integrated noise power (MNP) as a
function of linear density. The MNP represents the total
integrated noise power divided by the voltage pulse one would
obtain if the signal were recorded at low frequencies (i.e.,
the isolated pulse height). Fig. 16 shows the results for
the disks of Fig. 14. Fig. 17 plots the MNP as a functﬁ:i.on of
1ineé.r density for the disks of Fig. 15. The results.fér the
disks in Figs. 16 and 17 are comparable, with lower noise for
‘the disk having the NiAl underlayer, _particularly when the
magnetic layer are not deposited with bias. The results
demonstrate that the disposition of the NiAl underlayer
between the substrate agd.the magnetic layer is at least as
valuable, if not more sd, to the enhanced behavior of the
recording media than the similar disposition of a Cr
underlayer. It is anticipated that thin film longitudinal
magnetic recording media having NiAl underlayers, or other B2
ordered st_:ructures as underlayers, will, with minor
optimization, perform even better than the comparable
products with Cr underlayers.

In the embodiment of the invention wherein the magnetic
recording media has a seed layer sputter deposited én the
substrate beneath the undeflayer, it has been found that thin
layers of MgO with a Bl- ordered crystalline structure and
(002) £ilm texture improve the ' texture and _magnetic

| 'pro_perties of the Co and Co alloy thin films. The MgO seed



ordered structures, such as N A, Al Co, FeAl j~Feftr—CoF oty , CoHf,
@a,Mﬂ,m%,mm,Nm,Nm,mwamR@@@ﬁ@Mﬁﬁ,woman
:onl_c crystal whi C]t’l has the Bl (Nad -type) cjy§tal structurg Wth a
attice constant of 0.421lnm (Fig. 18). It hasje enperature
chem cal stability. The nelting point is fe rf(z;:/gﬁ@(;t[wegryrg 'rl'rﬁe strong
(002) textured polycrystalline MO fil n24vt Dri entation
provi ded by this enbodi nent of the recordi ng|{media of the invpntion is of
greater pratayezl mdy | bey usemh the enj@nsiength re-of-~underlayers

wd

=

> @

comprised of either the A2 structure, such as Cr, or the B2-
ordered strﬁctures, such as NiAl, AlCo, FeAl, FeTi, CoFe,
CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and
Al,FeMn,.
MgO is an ionic erystal which has the Bl (NaCl-type) crystal
‘structure with a lattice constant of O.421nm (Fig. 18). It
. has exf:ellent high temperature chemical stability. The
melting point is nearly 3000°C. The strong (002) textured
. polycrystalline MgO f£ilm with random in-plane orientation
provided by this embodiment of the recording media of the
invention is of greater practical utility than the MgO single
crystal disk substrates studied by M. Futamoto et al.,
"Magnetic and recording characteristic of bicrystalline
longitudinal recording media formed on an MgO single crystal
disc substrate", IEEE Transactions on I_dagnetics, Vol. 30, No.
6, p.3975 (1994). |
Experiments wefe conducted using a MgO seed layer sputter
" deposited on the substrate. All films tested in this geries
.0f experiments were RF di‘ode sputter deposited in a Leybold-
Heraeus Z-400 system on ‘1 iﬁch square Corning 7059 glass
substrates without preheating. Depositions were performed at
a fixed AC power of é.3 W/em? with a 10 mTorr Ar gas
sputtering pressure. EDX analysis of the magnetic CoCrPt
film determined the composition to be 72 at% Co, 10 at%
Cr,and 18 at% Pt. All the CoCrPt films reported were

maintained at a constant thickness of 40nm by controlling the



crystal disk substrates studied by M Futanoto

I A CEViEe RS G  and
recording characteristic of bicrystalline |ongiffL Sl rEchdAd i nedi a
formed on an MyO single crystal disc substratel,, , ifoms on

Magnetics, Vol. 30, No, 6, p.3975 (1994). Expfr jlmehdARR185 ct ed
using a MjO seed | ayer sputter deposited on th sub '
tested in this series of experinments wi2® RF dl ode ""o“”n ted in a
Leybol d- Heraeus Z-400 systemon 1 inch squareke

pre-calibrated deposition time. The :E:.lms'

S

hic esses were
also crosschecked with a Tencor profilometer._ Surface
morphology of the films were checked by
atomic force microscopy and the bulk magnetic properties were
measured by vibrating sample magnetometry. Crystallographic
textures were studied by x;ray diffractometry with CukK,
radiation.

It has been found that  the sputter-deposited MgO films
easily grow to have the (002) £ilm texture. It is believed
that the (002) preferential' orientation is because the
closest packed (002) plane has the lowest surface energy.
When 20nm thick MgO seed layers are deposited prior to the
deposition of the Cr or NiAl underlayers, the resulting
texture of the underlayers is a strong (002), whether or not
the substrate is heated. This is the often sought-after
underlayer texture because the (1150) textured Co alloy
magnetic film layer tends to grow epitaxially on it. The use
of sputter deposited MgO seed layers promotes thé desired
(002) texture in the Cr or NiAl underlayers without resorting
to an external substrate heating device.

Fig. 19 shows the transm'i.ssion electron microscopy (TEM)

bright field micrograph of a 100nm thick 'Mgo film and its
electron diffraction ring pattern. The ring pattern matches
.well with the expected diffraction pattern of a Bl
polycrystalline material with a lattice constant of 0.423nm.
The grain size is estimated to be about 45am.

Fig. 20 is a plot of the x-ray diffraction spectra of the
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‘'substrates w thout preheating. Depositions were DR aCFRELET !

power of 2.3 Wcn{[err] with a 10 niforr Ar gas §s|

anal ysis of the magnetic CoCrPt film determ ned

at% Co, 10 at% Cr,and 18 at % Pt. Al the CoCr

mai nt ai ned at a constant thickness of 40nm by cc
' 26
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CoCrPt (40nm) /Cr (100nm) films'with.various thicknesses of MgO0

_ seed layers. All film with MgO seed layers show Cr (602) and
Co (1120) peaks while the film without the seed layer'does
not have any reflections which indicate that there is in-
plane c-axis texture. The visible Co (0002) peak in the
diffraction spectrum of the film without a MgO seed layer is
a manifestation of the larée lattice misfit of Cr (110) to
the Co (1010) or Co (1011) lattice plane or between Cr (002)
to the Co (1120) 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 the (002) Cr grown on MgO appears
to produce a good sﬁrface for epitaxial growth of Co (1150).
The appearance of Co (1150) peak and the suppression of Co
(0002) peak due to the MgO seed layer in Fig. 20 are
important to achieving high in-plane coercivity.

In Fig. 20, the intensity of the Cr (002) peak, as well as
that of the Co (1150), increases as the MgO thickness
increases up to 10nm. However, increase in the MgO thickness
to 50nm has been shown to decrease the intensity of the Cr
(002) and Co (1150) peaks; perhaps due to overheating of the
film during depositidn. From atomic force microscopy (AFM)
studies, it has been found that the MgO0 film roughens
considerably as its thickness increases. This may result from
heat. It is believed that a cooler deposition procéss would

| nbt produce MgO bumps until the £ilm layer is much thicker,
if at all. (Figs. 26, 27, 28) Micro-bumps of up to 40mm in

height and 200nm in diameter were observed in the 50nm thick
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25 pre-calibrated deposition tine. The filns' thicknesses were also
crosschecked with a Tencor profiloneter. Surface norphology of the filns
were checked by atomic force nmicroscopy and the bul k magnetic properties
were neasured by vibrating sanple magnetometry. Crystallographic textures
were studied by x-ray diffractonetry with CuK[err] radiation. It has been
found that the sputter-deposited MO fi L2ZE_

_Mgo £ilm shown in Fig. 28. Too great an increase in
roughness causes the deterioration §f the epita:hy' of the MgO

and Cr. However, magnetic media surface roughness due to MgO
‘bumps of about 50 ¢to aboui: 200A are advantageous in
preventing the slider' heads. from sticking to the disc.
Currently, disc surfaces are intentionally roughened
mechanically with sand paper or by laser texturing to prevent
such sticking. The sandpaper method is difficult to control.

The MgO seed layer provides a dual use readily controlled
roughness texture. | _

Fig. 23 plots the in-plane coerciirity values of the
CoCxrPt (40nm) /Cr films'of;various Cr underlayer thicknesses
with and without MgO seed layers on glass substrates. Table
I lists a compl.ete set of in-plane magnetic propert:iés o.f the
CoCrPt (40nm) /Cr(100nm) £ilms on MgO seed layers of various
thicknesses.

. TABLE I
The in-plane magnetic properties of the

CoCxrPt (40nm) /Cr(100nm) f£films on MgO seed layers of various

thicknesses.
1 S
MgO ' Mrt,
thickness | Hc, Oe S (Mr/Ms) S* memu[gnﬁ
Onm 2286 0.83 0.84 1.2
5nm 2563 0.87 0.88 = 1.2
10nm 2608 0.86 0.91 .. - 1.2
REPLACEMENT SHEET
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e aSTY + 5O newe| t he (002) filmtexture. It is beli . d ha he
g FOMNTOLTIRY _ ( _ s believe that the (002)
lp)ms%,'gg*%?mgs BF tlonV\IhS because the closest packed (002) plane has the
#st surface energy. en 20nm thick MyO seed | ayers are deposited prior
t the_zmsi!?ﬂ_o f the C or NI Al underlayers, the resulting texture of
t He junder | ayers i strong (002), whether or not the substrate is heated.
THi s=ts"the often squght-after underl| ay28 -t exture because the (1120)
t e tured Co_ all.oy gnetic filmlayer tends to grow epitaxially on it. The
use  20mm 3252 0.88 0.90 1.2
50nm 4036 0.88 - 0.88 ' 1.1

It is found that the improvement in coercivity increases as

the thickness of the Cr underlayer or the MgO seed layer

. increases. The coercivity reaches a value as high as 4000
Oe, if a 50nm thick MgO seed layer is used along with a Cr

. underlayer thicker than 75nm. It is known that micro-bumps
underneath the Co alloy film can increase the physical
separation between the Co alloy grains and therefore increase-_
the coercivity value. On the other hand, decreasing the Co
(1150) texture'ﬁhich is caused by the increasing roughness of
‘the film would tend to decrease the coercivity.

The continuing increase in Hc as the Mgo.layer thickens
shows the effect of the wéakening of the Co (1150) 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 layers bumps.

. Larger grain size is known to.be a factor which causes the
coercivity to increase as long as the grains are single
domains. The plane-view TEM images CoCrPt (40nm) /Cr (100nm)
films on various thicknesses of MgO seed layers are shown in
Fig. 25. There is only a slight increase in the grain size
of the CoCrPt films. The large dark patches in Figs. 25 (c)
and 25 (d) are shadows of the MgO bumps, not-grains.

The multi-layered films in these experiments weré made by



of sputter deposited MJO seed | ayers pronotes the desired (002) texture in
the & or N Al underlayers without resorting to an external substrate
_heating device. Fig. 19 shows the transm ssion el ectron m croscopy (TEM
bright field mcrograph of a 100nmthick MO filmand its electron
diffraction ring pattern. The ring pattern matches well with the expected
diffraction pattern of a Bl polycrystal29ne material with a lattice
constant of 0.423nm The grain size is estinmated to be about 45nm Fig.
20 is a pl osputterdng rane dléyencafbersfhet rathsr twithout breaking the
vé.cuum of the sputi:ering system.' However, it has been found
that glass substrates with presputtered MgO seed layers can
still induce good (002) Cr epitaxial growth even thougl_; the
MgO f:i.iins have been inteni:ionally 'exposed to air for more
than a month. This may be very convenient for media
production where the MgO could be deposited in a separate
vacuum system.

Table II lists the VSM measurements of the 40nm thick CoCrPt

films on 100nm NiAl underlayers on MgO seed layers of various

thicknesses.
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26 CoCrPt(40nm)/Cr(2100nm films with various thicknesses of MJO seed

| ayers. Al filmwth MJO seed | ayers show C (002) and Co (1120) peaks
while the filmw thout the seed | ayer .does not have any reflections which
i ndicate that there is in-

TABLE II
The | in-plane magnetic properties of the
CoCrPt (40nm) /NiAl (100nm) films o.n'MgO seed layers of various

thickness.

Mgo | Mrt,
thickness  Hc, Oe ' S* s memu/cm?
Onm 1862 . 0.87 0.8¢ 1.4
2nm 2558 0.92 | - 0.86 1.
Snm 2811 | 0.92 0.87 | 1.2
8nm 3283 6.92 | 0.88 1.1
10nm 3238 0.91 0.87 1.0
© 20nm 3236 ~0.86 - 0.84 1.0
50nm 3182 - 0.82 0.87 1.0

The coercivity is showh. to increase rapidly and then to
level off as the MgO seed layer thickens. The
crystallographi;: texture _i:f these 40nm CoCrPt/100nm NiAl
£films on MgO seed 1ayer§ revealed by x-ray diffraction
spectra are plotted in Fig. 21. The (002) MgO peak
continuously becomes stronger as the MgO layer thickens. The
intensity of the (002) NiAl peak is not proportional to the
MgO thickness. The maximum coercivity £ilm in Table II
_ corresponds to the film with the strongest (002) NiaAl

crystallographic texture.
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pl ane c-axis texture. The visible Co (0002) peak in the diffraction
spectrumof the filmw thout a MJO seed layer is a manifestation of the

|l arge lattice msfit of C (110) to the Co (1010) or Co (1011) lattice

pl ane or between C (002) to the Co (1120) lattice plane. In spite of the
poor atomc match of the high Pt content CoCrPt to the pure Cr (0002),

the high quality texture of the (002) Cr33rown on MO appears to produce a
good surface for epitaxial growth of Co (1120). _The appearance of Co
(1120) peak Mtﬂ@fﬁ&ﬂ)r%sﬁ% fjlns, showed little increase in surface

roughness as the Mg0 seed layer is increased from 2nm to
10nm. However, there is a dramatié increase of the surface
roughness as the MgO seed 1ayer reaches 20nm which, as stated
above, is believed to be due to the surface getting hot
during the MgO deposition process. Magnetron sputtering
- would not heat the substrate as much as the method used in
the examples, and thus would f;ot produce the bumpy surface.
Fig. 30 (a) and (b) show AFM surface topography plots of
100nm NiAl films on 10nm and 20nm MgO seed layers on glass
substrates. The plots demonstrate that a 20nm MgO seed layer
can roughen the £ilm considerably to form surface bumps up to
about 150nm in diameter and about 25nm in height. It is
believed that the high density recording media of the future
will need a low flying height. Notwithstanding the fact that
the surface of the disc substrate is generally roughened by
mechanical or chemical texturing to avoid having the
. transducer head stick to the smooth disc, the roughness of
the 20nm MgO thickness may be problematic for high density
recording media. On the other- hand, the Mg0 seed layer can
be used to tailor the roughness by controlling the MgO laye:i:'
thickness, the deposition temperature and the sputtering
proceSs.
Fig. 24 is a plot of four sets of coercivity data of the
40nm thick CoCrPt films with varying NiAl underlayer

thicknesses for MgO seed layer thicknesses of Onm, 5nm, 20nm

and 50nm.
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(0002) peak due to the MO seed layer in Fig. 20 are inportant to

achi eving high in-plane coercivity. 1In Fig. 20, the intensity of the Cr
(002) peak, as well as that of the Co (1120), increases as the MO

t hi ckness .- increases up to 10nm However, increase in the MyO t hi ckness
50nm has been shown to decrease the intensity of the & (002) and Co
(1120) peaks, perhaps due to overheating3®2f the filmduring deposition.

to

From atom c force mcroscopy (AFM studies, it has been found that the MO

;i |'m r oughenExpeorisiehtmiwereialac qdndughed toampare arfesdplayes pf
rom . .
Cr to the MgO seed layer. A 10nm Cr seed layer was prepared

on a 260°C preheated substrate to obtain the (002) texture.
The (002) texture was induced in a subsequent NiAl
underlayer. Fig. 22 plots the x-ray diffraction spectra of
40nm CoCrPt/100nm NiAl films with and without a 10nm Cr seed
layer and a 40nm CoCrPt/100nm Cr £ilm. The substrate heating
helps to bring out the (002) texture in the NiAl underlayer
by impfoving the (002) texture of the Cr seed layer as well
. as for a pu:i:'e Cr underlayer._ There was no (002) peak
observed in a film with a pure NiAl underlayer. Table III
lists the in-ﬁlane bulk.magnetic properties of the specim@ns

depicted in Fig. 22.

TABLE III
The in-plane magnetic properties of the 40nm CoCrPt films on

100nm NiAl, 100nm Cr and 100nm NiAl/lOnm Cr underlayers.

P e

Underlayer . o : Mrt,
He, Oe : S* s memu/cm?

NiAl 2221 0.79 0.81 0.81

Cr 2228 0.74 0.88 0.83

NiAl/Cr 3153 0.78 0.85 0.84

The data show that the coercivity of the CoCrPt film on the

NiAl wunderlayer is significantly increased due to the

REPLACEMENT SHEET
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heat. It is believed that a cool er deposition proﬁE&AHMW‘ %""‘g pduce
MyO bunps until the filmlayer is much thicker, at all. (Figs} g6, 27,

28) M cro-bunps of up to 40nmin height and 200nn n wel e
observed in the 50nmthick ZUAPR 697 2y

33

e U

incorporation of the Cr seed layer, similar to the MgO seed
layer. However, lower coercivity squareness and Mt were
observed in the film with a Cr seed layer. With a similar

(002) texture, the NiAl underlayer appears to induce a higher
coercivity in the CoCrPt film than the Cr underlayer.

Fig. 29 compares the TEM bright field micrographs of 40nm
CoCrPt/100nm NiAl films on 5am MgO and 10nm Cr seed layers.
Although these plane view micrographs show overlapping NiAl
and Co grains, it is apparent that the grain size of the film
with .a Cr seed layer is more than twice the grain size (180A)
of the film with a MgO seed layer, most likely due to the
fact that added heat is not required in the process of the

" deposition of the MgO seed layer.

Seed layers of Cr and MgO have been shown to induce the
(002) crystallographic texture in the NiAl underlayers which
has been shown to be beneficial to the in-plane coercivity of
the CoCrPt films. The Mg0 seed layer, however, does not

' réquire. heating and therefore, have finer underlayer grains.
A sputter deposited thin Mg0O seed layer with the (002)
crystallographic texture induces the (00l2) texture in both
the Cr and NiAl underlayer which in turn induces the (11-50)
texture in the CoCrPt magnetic layer. Thus, the in-plane
magnetic properties can be improved without resorting to

. extérnal substrate heating. | By eﬁploying the MgO seed
1ayer§, the Co alloy films provide greatly improved high
' density recording media. Also, the surface roughness of the

Mg0 seed layer can be controlled. Hence, the surface



MO fil mshown in Fig. 28. Too great an increase in roughness causes
the deterioration of the epitaxy of the MJO and C. However, nagnetic
medi a surface roughness due to MgO bunps of about 50 to about 200A are
advant ageous in preventing the slider heads fromsticking to the disc.
Currently, disc surfaces are intentionally roughened nechanically with
sand paper or by laser texturing to prev®ht such sticking. The sandpaper
method is difficult to control. The MyO seed | ayer provides_a _dual use
readi |y contoughndssr ofgithes reaonding medium can be controlled by the

roughness of the MgO layer.

REPLACEMENT SHEET
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-plane coercivity values of the GCoCrPt(40nm)/Cr filns

Fkg—ﬂe—ﬁ—ot—ﬁhe—rrr
| ayer thicknesses w th and w thout T et
Hﬂ& ﬁ“j}“&]ﬂiﬂabl e | lists a conplete set of in-pk bﬁﬁ e SH%ET
CoCr Pt (40nm/ Cr (100nm films on MyOjlsdqed | ayers of
yarl ous thicknesses. TABLE |l | 24 APR 1997Thq
i n-pl ane magnetic properties of the Co@%t(40nm/Cr(140nm filnms on MO
seed | ayers of various

‘What is claimed:

g

MY dovwa,  wemaad

1. a magneticlrecording medium comprising:

a substrate;

a seed layer comprised of Mg0O having aﬁ (002) structure
sputter deposited on said substrate;

a Co or Co alloy film forming a magnetic 1ayer; and

an underlayer comprised of Cr, a Cr alloy or a material
selected from the group consisting of NiAl, AlCo, FeAl, FeTi,
CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg
and Ai,FeMn, disposed between said seed layer and said

magnetic layer.

2. The recording medium recited in claim 1 wherein said
underlayer is comprised of multiple layers of two or more of

gaid materials.

3. The recording medium recited in claim 1 further
comprising a chromium or chromium alloy intermediate layer

" interposed between said magnetic layer and said underlayer.

4. The recording medium recited in claim 3 wherein said

intermediate layer is about 1.0nm to about 5.0nm thick.

5. The recording medium recited in claim 1 £further
comprising an overcoat disposed on said £ilm, such that said
magnetic layer lies between said underlayer and said

overcoat.

This Sheet Has Been Re

T



e

ng | REPLACEMENT SHEEIY:

Do o6n g0 il g 87

0. lﬁ Icl"lIlLlIm "Ig"l“l 10nm 2608 o | 24ABRGHY7 1.2
6. The recording medium recited in claéi.n-:m;n ;:rther

comprising an organic lubricant disposed on said overcoat
such that said overcoat lies between said lubricant and said

magnetic layer.

7. The recording medium recited in claim 6 further
comprising an overlayer disposed on said magnetic layer such
that said overlayer lies between said magnetic layer and said

overcoat.

8. The recording medium recited in claim 1 wherein said

seed layer is between about 1.0nm to 50nm thick.

9. The recording medium recited in claim 1 wherein said

seed layer is betwéen about 1.0 to 20nm thick.

10. The recordihg medium recited in claim 1 wherein said

seed layer forms a substantially continuous layer.

11.  The recording media recited in claim 1 wherein said
seed layer has a surface adjacent said underlayer, said seed
. layer surface being roughened to effect surface roughness of

about 50 to 200& in said magnei::i.c layer.

12. In a magnetic recording medium having a substrate, an
" underlayer and a magnetic layer, the improvement comprising:

a seed layer disposed between said substrate and said

This Sheet Has Been Re’ilaced
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underlayer, said seed layer being comprised of MgO having an

(002) structure sputter deposited on said substrate.

13. .The improvement recited in claim 12 wherein said seed

layer is between about 1.0nm to 50nm thick.

14. The improvement recited in claim 12 wherein said seed

layer is between about 2.5 to 20nm thick.

15. The improvement recited in claim 12 wherein said seed

layer forms a substantially continuous layer.

16. The improvement recited in claim 12 further comprising

. a chromium or chromium alloy intermediate layer interposed

between said magnetic layer and said underlayer.

17. The improvemént reciﬁed in claim 12 wherein said
underlayer is comprised of Cr, a Cr aJ.loy or a material
selected from the group consisting of NiaAl, Alcd, FeAl, FeTi,
CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, Aan,l AlRe, AgMg

and Al,FeMn,.

18. An apparatus for recording and reading magnetic data

"comprising:

a rotatable disc, said disc comprising a substrate, .
a seed layer comprised of MgO having an (002) structure

sputter deposited on said substrate, a Co or Co alloy £film

is Sheet Has Been Reﬂlaced
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underlayer thicker than 75nm It is known that mcro-bunmps underneath the

Co alloy filmcan i ncrease the physical separation between the Co all oy '

ng‘mumulﬂan“re i ncrease the coercivity value. On the other hand,
d _ g8l (1120) texture which is caused by the increasing

. roaghfess ot the filmwould tend to decrease the coercivity. The .
continuing increase in Hc as the MJO | ay@8.t hi ckens shows the effect of

t he weakening of the Co (1120) texture is nore than conpensated by the
enhancenent forming & magnsticdayer, and an underlayer comprised of Cr,

a Cr alloy or a material selected from the group consisting
of NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi,
CuBe, CuZn, AlMn, AlRe, AgMg and Al,FeMn, disposed bétween
said seed layer and said magnetic layer;

a magnetic transducing head; and,

means for supporting said head in close proximity ﬁo said
disc for controlled movement of said head over the surface of

said disc.

19. The apparatus recited in claim 18 wherein said seed

layer is between about 1.0nm to 50nm thick.

20. The apparatus recited in claim 18 wherein said disc
further comprises a chromium or chromium alloy intermediate
layer interposed between said magnetic layer and said

. underlayer of said disc. '
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Co grains. However, the grain size of the CoCrPt filmmay also be changing
because of. the MJO seed | ayers bunps. Larger grain size is known to be a
factor which causes the <coercivity to increase as long as the grains are
single domains. The plane-view TEM i nmages CoCrPt (40nm)/Cr(100nm filns
on various thicknesses of MyO seed | ayers are shown in Fig. 25. There is
only a slight increase in the grain size39of the CoCrPt filnms. The | arge
dark patches in Figs. 25 (c¢) and 25 (d) are shadows of the MyO bunps, not
grains. The nulti-layered filns in these experinents were made by

MAGNETIC RECORDING MEDIUM WITH A MgO SPUTTER DEPOSITED SEED

LAYER

ABSTRACT

The present invention piovides a 1longitudinal magnetic
recording media having.a substrate, a sputter deposited MgO
seed layer, a Co or Co alloy baéed magnetic layer and an

. underlayer disposed between the seed layer and the magnetic
layer comprised of Cr, a Cr alloy or a material having a B2
ordered crystalline structure, preferably NiAl or FeAl; A
thin Cr or Cr alloy intermediate layer of about 1.0nm ﬁo
5.0nm_thi¢k may be positioned between the underlayer and the

magnetic layer.
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29 éputteri ng one I'ayer after the other w thout breaking the vacuum of

It has been found that glass substrates

the sputtering system However,
with presputtered MO seed | ayers can still induce good (002) Cr epitaxial
growt h even though the | '

"
30
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MJO fil ns have been intentionally exposed to air for nore than a nonth.
This may be very convenient for media production where the MyO coul d be
deposited in a separate vacuumsystem Table Il lists the VSM
measurenents of the 40nmthick CoCrPt filns on 100nm Ni Al underl ayers on
MyO seed | ayers of various thicknesses. 2 .

cr,BCC NiAl, B2
a=.2884 | | =.2887

Qa - | b

- Fig. 2
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30 ' S TABLE Il The I n-pl ane magneti c
properties of the CoCrPt(40nm /N Al (100nm filnms on MO seed | ayers
of various thickness. MyO

Mt, t hi ckness Hc, Ce S* S menu/ cni err]
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31 AFM studies of the filnms showed little increase in surface roughness
| Onm However, there is a -

as the MgO seed layer is increased from2nmto
roughness as the MyO seed | ayer reaches

dramatic increase of the surface
20nm whi ch, as stated above, is believed to be due to the surface getting

hot

Fig-5
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during the MyO deposition process. Magnetron sputtering would not heat
the substrate as nuch as the nethod used in the exanples, and thus woul d
not produce the bunpy surface. Fig. 30 (a) and (b) show AFM surface

t opography plots of 100nm N Al filnms on 10nm and 20nm MO seed | ayers on
gl ass substrates. The plots denonstrate Zhat a 20nm MyO seed | ayer can
roughen the fifl mconsiderably to formsdarface bunps up to about 150nmin
di anet er and about 25nmin height. It is believed that the high density
recording nedia of the future wll need a low flying height.

Not wi t hst andi ng the fact that

Fij.(é

CoCrTa,40nm
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g
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the surface of the disc substrate is generally roughened by nechanical or

chem cal texturing to avoid having the transducer head stick to the snpoth
di sc, the roughness of the 20nm MyO thi ckness may be problematic for high

denS|ty recordi ng nediia. On the other hand t he MJO seed—t-ayer eanR— :
used to tailor the roughness by controlli®ng the MyO | ay RE?L&CEM@HSSHEEQ:
deposition tenperature and the sputtering process. Fi§. 22 1T5a prot pf
four sets-of” coercivity data of the., | D 4-APR 1997 ]

i Ai2e, SR, AATHAN R
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40nm thick CoCrPt filnms with varying Nl Al underl ayer thicknesses for MO
seed | ayer thicknesses of Ohm 5nm 20nm and 50nm '
32  Experi ments were al so conduct ed to conpare a seed.layer_of

9 REPLACEME\IT SHEET
2 4 APR 1997
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Cr to the MyO seed Iayer A 10nm Cr seed 1ayer was prepared on a
260[ err] C preheated substrate to obtain the (002) texture The (002)
texture was induced in a subsequent N Al under| apets -6

x-ray. di ffraction spectra of 40nm CoCrPt/100nhm
a 10nm Cr seed |ayer and a 40nm CoCr Pt / ¥®0nm o
heating helps to bring out the (002) t&Xture in |
i mproving thHe (002) texture of the Cr seed |ayer
under | ayer. There was no (002) peakFt_j)UQrved
under| ayer. Table 111 I
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-

‘lists the in-plane bul k magnetic properties of the specinens depicted in

Fig. 22. ~ TABLE 111 The in-plane magnetic
properties of the 40nm CoCrPt filnms on 100nm N Al _100nm Cr and 100nm
Ni Al /1 Oom Cr under| ayers. Under | ayer AMINT QLITorn |
Ni Al 2221 0.79 0.8+ o0.41} ;
- . i1 24 APR 1997
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Cr 2228 0.74

0.78 0. 85
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84 The data show that the coercivity of the
. CoCrPt filmon the N Al underlayer is_ significantly increased due to the -
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33 incorporation of the Cr seed layer, simlar to the MgjO seed | ayer.
However, |ower coercivity squareness and Merr]t were observed in the film
with a O seed layer. Wth a simlar (002) texture, the N A underlayer
appears to induce a higher coercivity in the CoCrPt filmthan the Cr

underl ayer. Fig. 29 conpares the TEM brk field mcrographs of 40nm

CoCr Pt/ 100nm~Ni Al filns on 5nm MyO and 10nm Cr seed I ayers. Al though these
pl ane vi ew m crographs show overl appi ng .Ni Al ' '

o.;,
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and Co grains, it is apparent that the grain size of the film with a C
seed layer-is nore than twice the grain size (180A) of the filmwith a MO
seed | ayer, nost likely due to the fact that added heat is not required in
the process of the deposition of the MJO seed |ayer. Seed layers of Cr

and MO have been shown to induce the  (d82) crystallographic texture in
the Ni Al underlayers which has been shoWwi to be beneficial to the in-plane.
coercivity of the CoCrPt films. The MO seed | ayer, however, does not
require heating and therefore, have finer underlayer grains.

Fig. 1S
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“A sputter deposited thin MjO seed |ayer with the (002) . crystallographic
texture induces the (002) texture in both the C and N|AI under [ ayer which
in turn induces the (1120) texture in the CoCrPt mag__ ¢ H’ the
“in-plane magnetic properties can be inproved w thout ['fESHry gt el
external substrate heating. By enpl oylhg the MO se Iayers t he |l

alloy filns provide greatly inproved high density rei dIMAﬁRjM/ §)
t he surface roughness of the MO seed Iayer can be cl Hrolled. IF&;
the surface ;
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34 roughness of the recordi ng nmedi um can be controlled by the roughness

of the MO | ayer.

Niat (002)
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35 What is clained: 1. A magneti-c recordi ng nmedi um conpri si ng:

a substrate, a seed | ayer conprised of polycrystalline MyO having an
(002) structure deposited on said substrate; a Cb or Cn aLJnv £ilm
formi ng a magnetic |ayer; and an underl ayer c oty

al l oy having an A2 crystalline structur& or materi §
crystalline -structure di sposed between<Sard seed | §
| ayer. - 2. The recording mediumrecited in
under | ayer is conprised of nultiple |layers of two o




o

mat eri al s. 3. The recordlng mediumrecited in claim1 further
conprising a chromumor chromiumalloy internediate |ayer interposed
“between said magnetic | ayer and said underlayer, and wherein said
under | ayer and said internediate | ayer conprise different naterials.

4. The recording nediumrecited in clai3 wherein said internediate

| ayer is about 1.0 nmto about 5.0 nmtHhTK: 5. The recordi ng nedi um
recited in claiml1 further conprising an overcoat disposed on said film

such that said na%@etlc llayer |ies between said underlayer and said
over coat . d |n c|a|n15 further

1000 |

8
S,

X-ray intensity
£ o
S 8
E

MgO(002) Co(1130)

N
3

20nm _|

. M " 2 P . L sonm ‘
30 40. 50 60 70 80

Fig. 20 [REPLACEMENT SHEET|
| 24 APR 1997

Fig. 28 '

X 0.200 pm/div
Z 50.000 nm/div



‘Eonprisihg an.organi c | ubricant dispoSed on said overcoat such that said

overcoat |ies between said lubricant. and said magnetic |ayer. 7.
The recording mediumrecited in claim®6 further conprising an overl ayer
di sposed an said magnetic |ayer such that said overlayer |ies between

sai d magnetic |layer and said . overcoat. 19

-
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8. The recording nediumrecited in claim1. wherein said seed |layer is

bet ween about 1.0 to 50 nmt hick. 9.- The recording mediumrecited in
claiml1l wherein said seed |layer is between about 1.0 to 20 nmt hi ck.

10. The recording nediumrecited in claim1l wherein said seed | ayer forns
a substantially continuous | ayer. ' j£ﬂ~ The recording media recited in
claim1l wherei'n said seed | ayer has a surface adjacent said underl ayer,
sai d seed | ayer -surface being roughened to effect a maxi num surface
roughness of about 50 to 200A in said nagnetic |ayer. 12. In a

magneti c recordi ng medj - magneti c
| ayer,. the i nprovenent fconprising: . a seed | ayer disposed between said
substrate and sai d4po0 | | | . | 7 _

- . . L 4 . . L
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consisting of G, OV, OTi, OM, NA, AlCo, FeAl, FeTi, CoFe, CoTi,
CoHf , CoZr, N Ti, CuBe, CuzZn, AlM), AIRe, AgMy and Al[err] and the
magnetic layer is conprised of Co or a Co alloy fil {RERI-ACEMENT &
18. An apparatus for recording and readigzg magnet i c,|ds ACEM\HS@T

24;APR B4
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conpri si ng: a rotatable disc, said dISC conpr|5|ng a Substrate,
a seed |ayer conprised of polycrystalllne MyO h ] reir uct ure
deposited on said substrate, a Co or Co "
magnetic | ayer, and an underlayer conprig altl oy ‘g
having an A2 crystalline structure or %aterial anngAHRB§9ér kal i ne
structure di sposed between said seed | afer~and shifl nagnetic r;

a magneti c transduci ng head; and, nmeans for}sOf ad in
close proximty to said di sc and said magnetic | §

~movenent of said head relative to"said disc. 19. The apparat us _
recited in claim18 mher-',- NP Gt 8.re sy e ,iﬁ-z,---,;,l.Qpnl to 50nm

t hi ck.

A

150nm




20. The appar at us recited in claim18 wherein said disc further conprises
a chromumor chromumalloy internediate |ayer interposed between said
said disc,ahd-wherein said,

magnetic layer and said underlayer of
under | ayer and said intermediate |ayer conprise m@mﬂ@ﬁgﬁgﬁ’ﬁs
Jpererm—sat vl:nsderl ayer

21. The recording nediumrecited in clai 241 or 18

is conprised of a material selected fromThe gr(bJpﬁ C?‘E’EEE'% ofif Ni Al ,

Al Co, FeAl, FeTi, CoFe, CoTi, Con- CozZr:, MTi, fJB AROZATA N Alrs.
AgMy and Al [err] Fel\/h[err] recordl!na nediumrecitéd|{in claim
1 or 18, wherein said underlayer lécorrpr sed 01} a material selected from
E%%wﬂﬁeeordﬂr-ng-ﬁmdi um

the group consisting of NiAl and Neg
recited in claim1 or 18, wherei s rlayer has a (002)

structure grown fromsaid seed

1]

®) NiAI,lOOnm/MgO,ZOnm/glass

(a) NiAI,lOOnm/MgO,Iﬂnm/glass

W' gppeg



38
"said nagnetic
under | ayer

ynetic_Layer—has—a (.
L

What is claimed:

1.

24. The recording mediumrecited in claim1l or

Rgo ¢~ P
18, mhereln

1120) structure ephLaA. ) 3 S
nethod of producing fa éf{%ﬁ@@@? g fénL
ng pol ycrystalline My E{ %ﬂqﬂr‘?@ §%§s vALe ptag &'m
2) orientation; aim(s)  :paged s2.10 pagec ..

35 {1 Drawing(s) : paged ..... t0 paged .....
0 Abstract  :paged....to paged ...
DATE OF RECEIPT .. %W, W/al17

a substratay

a seed layer comprised of palyc:y:talline uqo having an
(002) atructure deposited on said substrate;

a Co or Co alloy film £orming a magnetic layer:; and.

an underlayer comprised of Cr, a Cr alloy having an A2
crystalline structure or material having s B2 crystalline

A magnetic recozding medium compriaing:

structure disposed between said seed layer and said magnetic

layer,

2.

The recording medium r%éited in claim 1 wherein said

underlayer is comprised of multiple layerzs of two er more ot said

materials.

3.

The recorxding medium recited in claim 1 furthez

comprising a chromium or chromium alloy intermediate layer
interposed between said magnetic layer and sald underlayez, and
whersin said underlayer and said intermediate layer comprise

different materials.

4.

The recording medium recited in claim 3 wherein Qaid

intermediate layer is about 1.0 nm to about 5.0 nm thick.

S.

The recozding medium zeéited in claim 1 further

comprising an ovezcoat disposad on said £film, such that said
magnetic layer lies between said underlayer and said overceat.

The recording medium recited in claim S further.

comprising an organic lubricant disposed on said overcoat such
that said overcocat lies between aaid lubricant and said magnetic

layez.

7.

The recording medium recited in claim 6 further

comp:ising an overlayer disposed on sald magnetic layer such that

satld overlayer lies betwe

overcoat. {prpj ACEMENT SHEET

(2 1 AUG 19974\

o ————

s W wE

aid magnetic layer and said




deposi ting

Sti’UCt ure or rmT erial h::\li_ng a B2 Struct ure; and’

EL err]

an underl ayer conprised of C or a Cr My
formng ajCpb or Co

| oy magnetic |aye rein the wunderlayer is di
Iayer and”“l“lmﬁgmm Ui‘iyer 26. The mgthod of claim P5
wher ei n lof depositing sg underl yer conprises deppsiting
c

an underlayer conprlsed of a materi al

paddd¥et¥¥en| t he seed

t ed

of &, CV, CTi, M, NA, A Co, FeAI, FeTi , CDFe, CoTi, CDHf CoZr,

Ni Ti, CuBe,

step of fo
(1120) ori
oriented u
medi a conp

CuZn, Al Mh, AIRe, AgMy and Al[err]Fewn[err]; and, sai d
rningaturtthm :!nqrdtngsmhdiuhngactmmdmx;unﬂaim pl aherehnvhngda
g@h gg a2 4 e i laBbaE: 50 “fm gy hod of producing an
nder| ayér between a su trate an% nagnetlc layer in a magnetic
rising: sputtering MyO onto the substrate to forma

pol ycrystalline9. The recordinq medium recited in claim 1 wherein said

seed layer 1is between about 1 0 to 20 nm thick.

10. The recording medium recited in claim 1 wherein said
sead layer forms a substantially continuous layer.

11. The recording media recitad in claim 1 wherein said
seed layer has a suxface adjaccnt said underlayer, 'said seed

layer surface being roughened to effect a maximum surface

zoughness of about 50 to 2004 in said magnetic layer.

12. In a magnetic recording medium having a substrate, an
underlayer and a magnetic layer, the improvement comprising:

a seed layer disposed hetween said substrate and said
underlayer, said seed layer being comprised of Mg0 having an
(002) structure sputter deposited on said substrate.

13. The improvement recited in claim 12 wherein said seed
layer is between about 1.0nm toc SOmnm thick. '

14. The improvament recited in claim 12 wherein said seed

- layer is between about 2.5 to 20 nm thick.

15. The improvement recited in claim 12 wherein said seed
layer forms a substantially continuous layer.

16. The improvement recited'in claim 12 further comprising
a chromium or chromium alloy intermediate layer interposed

- batween said magnetic layer and said underlayer.

17. The improvement recited in claim 12 wherein the
underlayer is comprised of a material selected from the group
consisting of Cr, CrV, CrcTi, CxMo, NiAl, AlCo, FeAl, FeTi, Cofs,
CoTi, CoHf, CoZr, .NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and Al;FeMn;
and the magnetic layer is comprised of Co or a Co alloy f£ilm,

hsi sting -



seed Jayer having a (002) orientation; and

depositin erlayer
conprised of & or a O alloy having an A2 stru TN -e%ﬂﬁﬁ? aving a
B2 structure, wherein the underlayer is dispose Relel] re—Skel | ayer
and the nmmgnetic layer 28. The nethodioff claim 27 . whéréin said

step of sputtering C

I

ﬁﬁTrSES radi o frqu;ncy sput tlerp righl

) 18. An apparatus for recording and reading magnetic data
comprising:
'a rotatable dise, said disc comprising

a substrate,
a seed layer comprised of polycrystalline MgO having an
(062] structure deposited on said substrate, .
a Co or Co alloy film forming a magnetic layer, and
an underlayer comprised of Cr, & Cr alloy having an A2
- erystalline structure or material having a 82 crystalline
structure disposed between said seed layer and said magnetic

layerx:
a magnetic transducing head; and,
means for supporting said head in close proximity to said

disc and said magnetic layer for controlled movement of said head
relative to said disc.

19. The apparatus recited in claim 18 wherain said seed
layer is between about 1.0nm to Sonm thick. '

20, The epparatus recited in claim 18 wherein said disc
further comprises & chromium or chromium alloy intermediate layer
interposed between said magnetic layer and said underlayer of
said disc, and whezein said underlayer and said intermediate
liye: comprise different materials.

21. The recording medium recited in claim 1 or 18, whaerein
' said underlayer is comprised of a material selected from the
__group consisting of NiAl, AlCo, FeAl, FeTi, Cofe, CoTi, CoHf
CoZz, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and AlzFeMngz, :

22. The recording medium recited in claim 1 or 18, wherein
said underlayer is comprised of a material selected from the
_group consisting of NiAl and FeAl,

23. The recording medium recited in claim 1 or 18, wharzein
__said underlayer has a (002) structure grown from said seed layer.
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24. The recorfding medium recited in claim 1 or 18, whezein
said magnetic layer has a (1120) structure epitaxially grown from
" said underlayer. ' '

25. A method of producing a magnetic recording medium,
. comprising: '
. depositing polycrystalline MgO onto the substrate to fozm a
seed. layer having a (002) orientation;
depositing an underlayer comprised of Cr or a Cr alloy
having an A2 structure or material having a B2 structure; and,
forming a Co ar Co alloy magnetic layer, whezein the
underlayer is dispcsed between t@e seed layer and the magnetic

layer. .

26. The method of claim 25 whaezein:

said step of depositing an underlayer comprises depositing
an underlayer comprised of a materlal selectad from the group
. consisting of Cx, CxV¥, CzTi, CxMo, NiAl, AlCo, Fedl, feri, Cofe,
_CoTL, CoHf, CoZzr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and - '
AlaFeMny; and, -

said step of forming further comprises forming the magnetic
layer having a (1120) orieantation on the underlayer. | '

27. A method of producing an orieated underlayer between a
substrate and a magnetic laver in a magnetic media comprising:.
__sputtering MgO onto the substrate to form a polycrystalline
. seed layer having a (002) orxientation; and |
depositing an underlayer comprised of Cr oz a Cr alloy
having an A2 structure or material having a B2 structure, wherein
the underlayer is disposed between the seed layer and the
qﬁgnetic layerz. .

28, The method of claim 27, wherein said step of sputtezing
comprises radio frequency sputtering.
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