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Fleld of the I nvention The present invention rel at e§—Fo=t=hrr

for ee; h@ﬂl c recording nedia, and nore parti ( uT*ailBI@"th*d“AS BZLN
st¥ uct ure m ﬁiﬁ use with a cobalt or cobalt allo baB&gLACED
nagnetlc on Backgr ound 1  Magnetic discsS and disc

drives are wel | knomn for their wutility in storing data. They generally

use one or nore discs
- BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to thin films for
longitudinal magnetic recording media, and more particularly, to
B2- structured underlayers for use with a cobalt or cobalt alloy
based magnetic layer.

Invention Backaround

Magnetic discs and disc drives are well known for their
'utilicy in storing data. They generally use cne or more discs
rotated on a central axis, in combination with data transducing
heads.positiOned-very near to the recording surfaces of the .
discs. There is an ever increasing demand for magnetic
recording media with higher storage capacity, lower noise and
lower costs. Recording densities in computers have increased
§teadi1y over the last two decades. A typical thin film disk
?as a multilayer structure including a substrate at the base
gcoﬁered by an underlayer, a magneti¢ layer and may be covered by
;n overlayer at the top. The overlayer may be coated with an
bvercoat 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
ﬁagnetic £ilms having a chromium or chromium alloy-based
ﬁnderlayer deposited on a nonmagnetic substrate have becore the
industry standard.

Important magnetic properties, such as coercivity (Hcl,
remanent magﬁétization.(nr) and coercive squareness (8*), which
%re crucial to the recording performance of the Co alloy tl.u
,%ilm for a fixed composition, depend primarily on its
microstructure. For thin film longitudinal wmagnetic recciz:ing

media, the desired crystalline structure of the Co and Co alloys
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rotated on a central axis, in conbination with data transducihg, d
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capacity, |lower noise and | ower costs. 2Recording densities in conputers
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di sk has a multilayer structure including a substrate at the base
ianisotropy and a magnetization easy direction along the c-axis
fis in the plane of the film. The better the in-plane c-axis 3
gcrystallographic texture, the more suitable is the Co alloy thin
%film for use for longitudinal recording. This is required to
-achieve a high remanence. For very small grain sizes coercivity

increases with increased grain size. Large grains, however,
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under | ayer deposited on a nonmagnetic substrate have becone

the ~ industry SggpﬁggY}ties without the increase in noise associated with large

graznsz To achieve a low noise magnetic medium, the Co alloy
éthin film should have uniform small graiﬁs with grain boundaries
which can magnetically isolate neighboring grains. This kind of
%icrostructure and crystallographic¢ texture is normally achieved
by manipulating the deposition process, by grooving the |
substrate surface, or most oftgn by the proper use of an
underlayer.

Underlayers can strongly influence the crystallogréphic
orientation, the grain size and chemical segregation at the Co
‘alloy grain boundaries. Underlayers which have been reported in
the literatﬁre include Cr, Cr with an additional alloy element X
(X = ¢, Mg, Rl, Si, 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
iould appear to be a number of underlayer materials available,
in practice, only a very few work well enough to meet the
éemands of the industry. Among them, the most often used and
the most successful underlayer is pure Cr. For high density
Erecording, in plane orientation has heretofore been achieved by
grain-to-grain epitaxial growth of the HCP Co alloy thin film 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
component of the c-axis in the film plane, It has been shown by
k. Hono, B. Wong, and D.B. Laughlin, *Crystallography of Co/Cr
bilayer magnetic thin films", Journal of Appliéd Physics 68 (9)
P. 4734 (1990), that BCC Cr underlayers promote grain-to-grain
epitaxial growth of HCP Co alloy thin films deposited on these

pndérlayers. The heteroepitaxial relationships between Cr and

-to_which bring the [0002). axis down or close to the film plane

are (002)¢//(1120),, (110)4//(1011)q,, (110)//(1010), and
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preva11 for different deposition processes. The Cr underlayer
must b€ thicker than about 100 A to promote the formation of the
4“? structure., U.S. Patent No. 4,652,499 discloses efforts to
improve the underlayer by adding vanadxum (V) to Cr to change

:its lattice constant and thereby to promote a better lattice

|
|

‘natching between the HCP Co alloys, CoPt ox CoPtCr, and the BCC
CrV underlayer.

The need for lighter, smaller and better performing
Ecomputefs with greater storage density demands higher density
é'nard disk media. It is an object of the present invention to
neet those demands with allongitudinal magnetic recording media
‘having high coercivity and low noise. It is a further object of
the present invention to meet those demands with a novel

underlayer for the magnetic layer.

SUMMARY OF THE INVENTION

The object of the invention is satisfied by a magnetic
recording medium comprising a substrate, a magnetic layer,
preferably formed from Co or Co alloy film, and an underlayer
comprised of a material having a B2- ordered crystalline
structure disposed between the substrate and tbe magnetic layer.
The B2 phase is selected from the group consisting of NiAl,
AlCo, Fehl, FeTi, CoFe; CoTi, CoMf, CoZr, NiTi, CuBe, Cuzn,
ilun, AlRe, AgMg, and Al,FeMn,, and is most preferably NiAl.
&he underlayexr may be formed in multiple layers wherein each
glayer is a different one of the foregoing wmaterials. The Co or
ico alloy magnetic layer has a hexagonal close packed structure
deposited with its magnetic easy axis substantially parallel to
%the plane of the magnetic layer. %
: The recording medium may aleo include a chromium %

fintérmediate layer interposed between the magnetic layer and the E



2 is hebhd asBesn 3SR ed (HCP) with uniaxial crystalline || apiseHEEPHASIBEEN
a nmagnet rection along the c-axis is in the p|lane HERIMNED
film T t n- pl ane c-axis cgystallographic t extigFre—=%

Suitable is the

Co alloy thin
underlayer. The intermediate layer is relatively thin,

preferably between about 25 to 50 A, Thinner layers can provide
sone improvement provided the layer is thick enough to form a
substantially continuéus layer on the surface of the underlayer.

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

In an altgrnative arrangement, there may be a first
magnetic layer and a secqnd magnetic layer with one or more
interlayers disposed between the two magnetic layers. The
interlayer is typically Cr, of about 10 to 40 A. The second
magnetic léyer may be covered by the
OVeilayer/overcoat/lubricant layers described above.

Materials with the B2 structure are ordered structuial
derivatives of the body centered cubic (BCC) structure, which is
the structure of Cr. NiAl, for example, is a Hume-Rothery 8-
rhase electron compound with a valence electron/atom ratio of
3/2 which gives a B2 crystal structure, shown in Fig. 2(b).

&ihl has a lattice constant of 0.2887nm, almost identical to
that of Cr, 0.2884nm. By placing the B2- ordered structure on
ithe substrate, below the magnetic layer, the Co or Co alloy
films, when deposited, eithex directly or through an
gintermédiate Cr Ilayer, grow epitaxially at the B2 interface and
reorient the hep c-axis away from being normal to the film
plane, yielding a stable, improved thin £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
istructure does not chiange over a widé compogition range from

41.5 to 55 at¥ Al at 673K. Strong bonding between the metallie

"atoms slows the atomic mobility during the film’s deposition

thereby yielding a smaller grain size film than is present with
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fthe Cr underlayer. A small grain size can benefit the recording
?roperties of the media by increaging the number of grains per
unit 4area and hence, lowering the media noise.

: Iin addition, NiAl is nonmagnetic with an extremely low
magnetic susceptibility, on the order of 2x10-7 to Sx10° emu/g,
has good thermal conductivity, high stiffness, and good

environmental corrosion resistance.

F IPTION WING

The advantages'of_the present invention can be better
understood by reference to'the drawings in which:

. Figs. 1(a) and (b) are schematic illustrations of
embodiments of a multilayer structure of the thin film disk of
the present inQention;

Figs. 2(a) and {(b) depict the crystal structures of Cr
(BCC) 'and NiAl (B2), respectively;

Figs. 3{(a) and (b) show the bright field TEM micrographs
©of a 100nm NiAl film (a) and a 100nm Cr film (b); )

' Figs. 4(a) and (b) shgw atomic force microscope (AFM)
-vxeus of a NiAl film (a) and a Cr £ilm (b); |

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

Fig. 6 shows the x-ray diffraction gpectra of CoCrTa/Cr
~and CoCrTa/NiAl films on glass substrates, where the CoCrTa
:layers are 40nm thick and the Cr and NiAllunderlayers are 100nm
‘thick; |

| Fig. 7 plots the coercivity of a 40nm thick CoCrpt {xlh as
; function of uhdérlayer thickness for NiAl and Cr underlayers;
j Fig. 8 shows the x-ray diffraction spectra of CoCrP:.,Cr
x;nd CoCrPt/NiAl films on glass substrates, where the CoCrt

élayers are 40nm thick and sll the underlayers are 100nm thick;
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medium the Co alloy thin filmshould have umtorm
smal |l grains with grain boundaries whichycan magnetically isolate
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texture is normal Ly achjeved by nanipulating the deposition process, by
groovi ng t he CoCrTa NiAl film with and without a 2.5nm thick Cr intermediate
glayer ketween the CoCrTa layer and the NiAl layer;
; Fig. 10 shows the x-ray diffraction spectra of a
boCtPt/NiAl film with and without a 2.5nm thick Cr intermediate
glayer between the CoCrPt layer and the NiAl layer;
| Fig. 11 shows the x-ray diffraction spectrum of a 40nm
Ethidk CoCrPt film on a 100nm thick FeAl underlayer on glass
%ubstrate;
§ Fig. 12 shows the x-ray diffraction spectra of NiAl films

kf 100nm and 500nm thicknese on glass substrates;
; Fig. 13 shows the x-ray'diffraction spectra of FeAl films
bf 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 linear density for two disks, CoCrTa/Cr
and CoCrTa/NiAl with unbiased sputtered magnetic and
pnderlayers,
_ Fig. 16 plots the total medium integrated noise power
:tMNP} as a function of linear density for the two disks of Fig.
14; and,

Fig. 17 plots the total medium integrated noise power

(MNP) as a function of linear density for the two disks of Fig.

515.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1(a), the preferred embodiment of the

%magnetic recording medium 10 of the present invention is
?comprised of a substrate 12, an underlayer 14 and a magnetic
!layer 16. In addition, there maybe an overcoat 20, as shown.
An intermediate layer 22 of Cr may be disposed between the
éunderlayer 14 and the magnetic layer 6. An organic lubricant
:24 is preferably applied to the overcoat 20. The recording
imedia 10 of the present invention is an improvement in the
érecording~medié.which form the rotatable discs used in any of
%the well known disc drive assemblies.

| In an alternative arrangement, shown in Fig.-1(b}, there
may be first and second magnetic layers, 16’ and 16’‘, and oﬁe
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 lmm-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(3). A seed layer 28 about 1.5nm (15 A) thick may be disposed
between the substrate 12 and the underlayer 14 to nucleate

arowth.
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et the demands of gt he industry. Anmong them the
he nost successful underlayer is pure Cr. For high

density recording, in plane orientation has heretofore been achieved by

In the preferred emb9diment. the substrate 12 is formed of
glass, silicon or an'alumigum alloy coated with NiP,
Alternative. hard disk substrates such as canasite, or SiC may be
;sed.
' The magnetic layers fs, 16’ and 16‘’, are deposited with
the longitudinal magnetic easy axis thereof substantially
iarallel to the plane of such magnetic layer, are preferébly a.

io or Co alloy film, such as COCr,ISmCo, CoP, CoPt, CoNiCr,

,QB\QWRG heedW M, and NP. Wile there would a
" lm terials available, in practice, only a very few
ol

koNiPt. CoCrTasi, CoCrPCSi.!COCrPcB,'CochtTa, or other known Co.

blloy magnetic¢ films and are each about 10 - 60nm (100 - 600 A
thick.

The B2 ordered crystalline structure of the underlayer 14
is shown in'Fig.'z(b). Thé underlayer 14 is most preferably
?iAl. It is about 10 - 200mm (100 - 2000 A) thick.
%lternatively. the underlayer may be FeAl, or multiple layers,

Qlternating between a NiAl layer and a FeAl layer. Other phases

* lhaving a B2- ordered structure and lattice constants close to

that of NiAl {(a = 0,2887nm), FeR)l (a = 0.291nm) and Cr (a'=
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thin ted with its c-axis, the. [0002] axis, eitner paralle
to the filmplange or with a large conpopgnt of the c-axis in the film

plane. It has b?@mmﬂm hi"e A1 5610¢8hs ider@ o ﬁé‘d?&dz cdrﬂiﬂlgltbg for the
"Crystall ographyiof Co/Cr | ayer nmagnetic thin f " ““Jour nal of Appl i ed

Physics 68 (9) _ynderlayer of the present invention. The materials are

AlCo {a = 0.286nm), PeTi (a = 0.258), CoFe (a = 0.285nm),

koTi (a = 0.299nm)}, CoRE (a = 0.316nm), Co2r (a = 0.31%nm),
?iTi {a = 0.30inm), CuBe (a = 0.270nm), Cu2n (a = 0.295nm),
11Mn (a = 0.297nm), AlRe (a = 0.288nm), AgMg (a = 0.328nmj, and

Al,FeMn, (a = 0.296nm). It is anticipated that an underlayer
comprised of two or more layers of different materials within
Ehe foregoing list may be used. FPor example, it is believed
?hat a multiple layer having a first layer of NiAl and a second
Jlayer 6f FeAl, AlCo, FeTi, CoFe, CoTi, Con,.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

" pf the present invention.

13

.
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 overlayer 18 is 1 - 10nm (10-100
A} thick and may be made of W, Ta, 2r, Ti; Y, Pt, Cr or any
?ombination thereof.

| An overcoat 20 may be provided external to the overlayer
18, so that the overlayer 18 is positioned between the magnetic
layer 16 or 16'’  and the overcoat 20, as shown in Figs. 1(a) and
?b). The overcoat provzdes a mechanical wear layer and is 2.5 -
§0nm (25-300 &) thick. It is preferably made of a ceramic
?aterial or diamond like carbon, such as Sio,, 8iC, CN or Zzro,.
%n organic lubricant 24 may be disposed on the overcoat 20. The
aubricant is 1 - 30nm (10-300 A) thick and is preferably a
iluoro chlorocarbon or a perfluorcether. Examples include
'lcc1 ,FCC1F,, CP,(CF,) CF,, CF, (cr, +CF5, cr, {CF,),,CF,, and

br—‘, (CF,) 1.CF,.
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hagnetic 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
neasure the magnetic properties. 1In all the following
éxperimental examples described herein RF diode sputtering was |
used for film deposition onto smooth glass substrates which were
;ot mechanically textured.

: A 100nm NiAl film was deposited onto a glass substrate.
gzts microstructure, as observed by transmission eléctron
ﬁicroscopy {(TEM), is compared with a similarly depoéited Cr £ilm
and shown in Figs. 3a and 3b. The NiAl film, Fig. 3a shbws-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
ithe grain size of the Co based magnetic layer. It is believed
fthat 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 re&uce noise in the
grecording media.’

? A roughness analysis was done also using én atomic furce
%icroSCOpe (AFM). The AFM uses an extremely small sharp tip to
iscan the sample surface and measures the atomic attraction
ietween the sharp tip and the surface of the sample. 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)

“irepresent height differences of the NiAl and Cr underlayer

‘lfilms, respectively, of 100nm thickness. The images clear.y

f
H

ishow that the grains {diameter of bumps) of the NiAl films. Fig.
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about pronote the formation of the HCP structure. U.S.

Patent No. 4,652,499 discloses efforts td2 inprove the underlayer by addlng
vanadi um (V) to cﬁ(gb areumpch smaller and more uniform than are the Cr grains,

?ig. 4(b). Small and uniform grains implies lower noise if
?verything else about the media is equal. The roughness is a
%easure of the vertical height variations as one scans over the
;amplg surface. The root mean square (RMS) ‘and mean (average)

) %oughness (Ra) are two different ways of calculating the
?oughness from the same data. While the maximum height {(Rmax)
?an be misleading if there is a bad spot on the sample,'it is a
good indication of the extremes (lack of uniformity) of the
Loughness if the sample is good. The roughness difference
ietween the NiAl and the Cr is another indication of the larger
variation in the Cr grain size. The image statisties for the
Nial film show an RMS roughness of 0.372nm, a mean roughness
(Ra) of 0.296nm and a wmaximum height (Rmax) of 2.798nm. The Cr
£ilm shows RMS roughness of 0.722nm, a mean roughness (Ra) of
6.531hm and a maximum height (Rmax} of 4.914nm. Clearly, the Cr
Qnderlayer has both larger grains and is considerably rougher

than the NiAl film.
; As shown in Fig. §, jonm thick CoCrTa films were deposited
bnto NiAl and Cr underlayers of various thickness on glass
§ubstrates. The in-plane poercivxtxes of the magnetic films
;ere plotted as a function of the underlayer thickness. When
%he.underlayer is greater than 100nm thick, the CoCrTa/NiAl
'%ilms have a higher coercivity, He, than the CoCrTa/Cr films for
éomparable thicknesses. In both cases, the coercivity increases

. Bnd then reaches a plateau as the underlayer thickene. The
steady increase is indicative of larger grains. As indicated
breviously, larger grains also cause increased noise. With a Cr
underlayer. the increased grain gize causes a much rougher
surface vhich interferes with the ability of the magnetic head,

K Pr transducer, to get close to and read the disk. 1In practice,

" Hue to increased manufacturing costs, the underlayer is not made

PP ———



. This Sheet Has Been Revie—i—

its | g oS Been fedand thereby to pronote a better lattice
betvve Hmmf aIons CoPt or CoPtCr, and the BCC CV un
The n , smaller and better perfornlng conputers with

greater storage denS|ty demands higher dgnsity hard disk nmedia. It is an
obj ect of the priasgnthickenttlan tic haseed bEOSE GRS déistfed impEdvdibntalin

magnetic recordi pg nedia
coercivity. At thicknesses about equal to and greater than

100ntm, 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
ithickness ¢f 100nm, the NiAl underlayer offers comparable
;oefcivities and smaller grains than the recording media having
? Cr underlayer. _

: In addition, the recording wmedium has a better in-plane c¢-
%xis film crystallographic texture when NiAl is used as the
inderlayer than it does when Cr is the-underlayer. The NiAl |
£ilm 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 film on the NiAl
underlayer has a larger (lgfo)a peak tﬁan the CoCrTa film on a
Cr underlayer. Fig. 6 pro;ides a comparison of x-ray
aiffraction spectra of the CoCrTa/NiAl and CoCrTa/Cr films with
‘their Hec values marked on each curve. The NiAl spectrum has a
much stronger HCP Co (1030f.péak adjacent the NiAl (110) peak
;hich is believed to reflect a {112) NiAl texture which is weak
%r not present at all in the Cr uhderlayer._

. Similar studies were performed for CoCrPt films. The in-
plane coercivity of a 40nm CoCrPt £ilm ip plotted in Fig. 7 as a
}unction of underlayer thickness for NiAl and Cr underlayers.

?c shows that for a thicker underlayer, the CoCrPt/NiAl film has
a higher coercivity than the CoCrPt/Cr film. Fig. 8 is the x-
ray diffraction spectra of CoCrPt/NiAl and CoCrPt/Cr films which
show that the CoCrPt film on the NiAl underlayexr has a strdnger
5(103.'0)‘:a peak than does the same film on Cr underlayer, which
again is an indicat:on 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
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object of the invention is satisfied by al4mgnetic recording nedi um
conprising a subsﬁ&hﬁﬂ@)“apuagnetpﬁ isyRrided to Co alloys to improve coercivity,

Pu: at a 15 - 20% Pt content, the magnetic layer does not
éattite match well with the Cr underlayer. The addition of the
harger Pt atom to the Co alloy is believed to expand the atomic
%pacing so that there is no longer a good lattice match with the
Ccr 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 FeaAl spectra reveal a strong
(101o)u peak and the absence of the (0002) peak, which is
gnd;cat1ve of a good longitudinal structure.

KiAl 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‘{loiol 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
sxlicon substrates are used. Similar results on alternative
hard disk substrates such as canasite, or 5iC should be obtained
?lso. The underlayer of the present invention may be used as
%he underlayer for other Cofalloy thin f£ilms, such as CoCr,
%mCo. CoP, CoPt, CoNiCr, CoNiPt, CoCrTaSi, CoCrPtSi, CoCrPtB,
and CoCrPtTa.

! Further improvement in the magnetic properties of the Co
alloy thin films on NiAl underlayers can be attazned if an

:ntermed:ate ‘layer of Cr is inperted between the Co alloy thin
iilm and the NiAl underlayer. Furthermore. the underlying NiAl

%exture-is transmitted to the intermediate Cr layer., Fig. 9

) %hows the x-ray spectra of a CoCrTa/NiAl film with and without a

%.Snm Cr intermediate layer between the CoCrTa layer and the
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on1Cb or Co alloy film and an underl ayel TdénprisetADBEEN
- ordered crystalline structure di spoged bePREEACERe
e an e nagnetlc | ayer. The B2 phase is selected fromthe group
i ng of N| , Al Co, FeAl, FeTi, Cgbke, CoTi, CoHf, CoZr, N Ti, CuBe,
Al Mh, Al Rej'i AyMpyer AlFxBﬁaM?ig agdit Szd”ﬂ&'iipaﬁéﬁf:etﬁ% YW}N!rNa very thin

layer of Cr is placed between NiAl and CoCrTa, the high quality

texture_of'thg Co (1010) is maintained and the coercivity is
improved. It is believed that the increase in coercivity may be
due to diffusion of Cr from the intermediate layer to grain
boundaries of the CoCrTa. 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
%esults. At 1.0nm to 5.0nm thickness and above, however, the
dimproved coercivity is marked and consistent. Thicknesses abovel
QS.Onm continue to provide good coeréivity, but produce no |
;ignificant improvement.  Surprisingly, the combination of a
EoCrPt magnetic layer, a Nial underlayer and a very thin (about
;.Snm) Cr intermediate layﬁr disposed between the magnetic layer
and the underlayer increas;a the coercivity even more |
significantly, by 450 Oe. If the cobalt alloy magnétic layer
ﬁas only the 2.5nm thick Cr layer without the NiAl underlayer,
ihe Co layer tends to-remafn either face centered cubic (FCC) or
;rients (0002) perpendicular to the plane of the film.

g Fig. io shows the x-ray spectra of a CoCrPt/NiAl film with
gnd without a 2.5nm Cr intefmediate layer between the CoCrPt
?ayer and thé NiAl layer. &he increase in ccercivity is even
gbre dramatic than the increase shown in Fig. 9 using a CoCrTa
?agnetic layer. The lattice constant of the cobalt HCP |
%tructure is significantly increased when the larger Pt atom is
?ubstituted for Co. Hence:a poorer lattice match between the
EoCrPt and the underlayer results. This is obvious in Fig. 8
where CoCrPt on Cr showed no Co (1010) peak at all. This peak
%oes occur for the NihAl underlayer, however. It is believed

" khat the difference can be attributed to the ability of NiAl to

?orm a better (112) texture than Cr. Although it is not visible
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The un formed in nultiple |ayers wherein each FH%SFHEiWhAsBEEN
dlffer ﬂl"ﬁl rforegoing materials. The Co or Co alloy[magneRERLACED

yer has exagona cl ose packed structure deposited with I

easy axi s substantlally parallel to the yg ane of the nmagnetic |ayer.
The recordi ng nedidmtieyxaray diffirabeisncpabterns, ivHie pedkakholiddeshow up at

I nt erposed between the magnetic | ayer and the
26 = 81.86 degree. Thicker films show this peak as shown in
Figs.- 12 and 13 for the NiAl and Feal underlayers. The (112)
%exture represents a good lattice match to the Co({1010) texture.
}urthermore. by comparing Figs. 8 and 10, the dramatic
%ifference between CoCrPt on a Cr underlayer (no (1010) peak and
a lower coerc;vity) and CoCrPt on NiAl with a thin intermediate
Jayer is apparent.
: Tests were done to compare the carrier to total integrated
;oise ratio (CINR) as a function of the linear recording
;ensity, measured.in kile flux changes per inch (KFCI) for twe
disks. Procedures for taking total integrated noise data are
_Qell known to those skilled in the art. See, for example, Belk

;t al., “Measufement 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
;putter deposited with biag, i.e. with an applied voltage to the
'surface. The disk représeﬁted by Bquares was CoCrTa/Cr having a
coercivity of 1700 O&. The disk represented by circles was
CoCrTa/NiAl having a coercivity of 1400 Oe.. The disks having
#ihl as the underlayer were determined to behave comparably to
ihe disks having Cr as the underlayer, but the coercivities were
?omewhat lower in this sample for NiAl filme when the magnetic
élayer is deposited with bias. The noise levels were also
%omewhat lower,
! In order to compare recordings on media with similar
coercivities but Qdifferent underlayers, disks were sputte:ed
yithout bias. Tests were done to compare the carrier to :total

: }ntegrated noise (CINR) between the two disks. The results are

shown in Fig. 15. The disk represented by the squares hai a
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Intermedi ate layer is relatively thin, Bhé?érabIMASb:E
w&ml -[err] Thinner |ayers can provide so rmrﬁ?é’l‘lﬂéﬁ-ﬁﬁ

betmeen
prOV|ded
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t hi ck
CoCrTa magnetic layer on a Cr underlayer and a coercivity of

3000 Oe. The disk represented by circles had a CoCrTa magnetic
layer.and a NiAl underlayer and a coercivity of 1150 Oe.

ﬁgazn, the behavior of the two diske 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 powef divided by the voltage pulse one would
obtain if the signal were recorded at low freqguencies (i.e., the
iisolated pulse height). Fig. 16 shows the results for the disks
of Fig. 14. Fig. 17 plots the MNP as a fénction of linear
density for the disks of Fig. 15. The results for the disks in
Figs., 16 and 17 are comparable} with lower noise for the disk
ﬁaving.the NiAl underlayer, particularly -when the magnetic layer
;te not deposited with bias. The results demonstrate that the
diSpﬁsition of the NiAl underlayer 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

Bisposition of a Cr underlayer. It is anticipated that thin

"'film longitudinal magnetic recording media having NiAl

underlayers, or other B2 ordered structures as underlayers,
hill. with minor optimization, perform even better than the

;
comparable produtts with Cr underlayers.




enough to forma substantially continuous |ayer on the surface|ofTHBIBEET HAS BEE!

uhi ch YWHM@@W a1 111 7 e e L

pref.erably add ercoat. - Y 1" &n alternative
arrangenent’, t first nagnethg Ia¥er and a second magnetic

| ayer with one or nore interlayers dispo en the two nmagnetic

| ayers. The inter]layer is typically Cr, of about 10 to 40 A The second
magnetic | ayer may be covered by the overlayer/overcoat/|ubricant |ayers
descri bed aboye. P ' | { BYehWYre are ordered
structural dexrvat i‘\‘/e"éa%nfc"t:%yggggbgg t%ﬁ%&lﬁ(ﬁ%m structure, which is
the structure of GOy Ngdurate; exanple, is a Hume-Rothery - phase

el ectron conpound wth a val ence electron/atomratio of 3/2 which, gives a
B2 crystal structurg,cslsevce mlfoy. £210) forming a magnetic layer; fand,]

an underlayer comprised of a material having a B2- ordered

crystalline structure disposed between said substrate and said

film; and,
hr 2 - 1 8
and gaid underlavex.
2. The recording medium recited in claim 1 wherein said

material is NiAl. - : ' _ [

3. The recording medium recited in claim 1 wherein said

material is Feal.

4. The recording medium recited in claim 1 wherein said

material is selected from the group consisting of NiAl, AlCo, i
FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CiZn, AlMn, f
AlRe, AgMg and Al,FeMn,.

5. The recording mediuﬁ recited in dliim 4 wherein saigd

underlayer ie comprised of multiple layers of two or more'of

et

said materials with the B2 structuraes.

; 6. The recording medium recited in claim 1 further comprising
.?n overcoat disposed on paid film, such that said film lies

%e:ween said underlayer and said overcoat.

S
T




N|AI has 4l onstant of 0.28 tlcal to t aﬂﬂBBH@ETHASBéEh
0.2884nm r edRD - orderel "”H m e substrat , belREPiATED
r ~

magnet i c I Co al | oy ited, eith
or throug te Cr | ayer, grom1ep|taX|aIIy at the B2 interface
and reorient the hcp c- axis away from bejgig normal to the film plane
yielding a stable,; inproved thin filmmcrostructure with magnetic
properties which are particularly well suited to high density recording.
Ni Al, for exanple, maiptains its B2 structure stable up to the nelting

poi nt of 1911K and fhe sheu ch, d osi tion
range from41.5 to 55 at@6Aféggfﬁggg?h'gqungéggﬁdf 5@9&@ E ?HEPH%IEHQWR?isinQ
atoms slows the aB@nDtganbellubrxhuﬂtngihpgséaléﬂs%dy%pg§b;bggctp§gﬁ&pﬁat said

W t

yielding a smaller grain size filmthan 1Is present
overcoat lies between said lubricant and said magnetic layer.

" 9. The recording medium recited in claim -7further'comprising
an overlayer disposed on said magnetic layer such that said

overlayer lies between said magnetic layer and said overcoat.

relative to the dige, the improvement comprising:
the disc includes a3 substrate., B Co or Co allov filwm

forming a3 magnetic lavexr, an underlayer comprised of a material
having a B2- ordered crystalline structure disposed between said

substrate and said magnetic layer. and a chromium intermediate

210. The improvement recited in claim «Pwherein said material
is selected from the group consinting of NiAl, AlCo, FeAl, FeTi,

CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, cﬁﬁn AlMn, AlRe, Agig and ;
Al,FeNn,. & !

u", The improvement recited in claim . 9 - wherein said
.intermediate layer is sufficiently thick to substantially cover
said underlayer.

§2. . 'The improvement ;ecited in claim 9 °: wherein said

intermediste layer is about 1.0nm to about S.0nm thick.
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has good T hermal —conductivity, high stiffness, and good envi f|oTHNerEHE=T HAS BEEN
BRI EF DESCRI PTI ON OF THE DRAREMNGSCED

COrrosi ony:e§1. e.
T
The advant lsesgncéhar? ARplacdont i nvention can be better under stood By
reference imﬂ&ﬂm i n which: Figs. 1(a) and (b) are schematic
il lTustrati nts of a nultil@yer structure of the thin film

di sk of

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

(@) ()
Fig:2



t he pre tion; Figs. 2(a) and (b) depict the of yshdkureT mas reey |l
struct uﬁﬁm@el F*bnd N Al (B2), respectively; ' 198. i&;j PA o ”
_ )

(b) show | d TEM m crographa of a | 00nm N Al fit-m=ftay—and -

| 0Onm Cr Figs. 4(a) and (b) show atom c force m croscope
(AFM views of a NNAl film(a) and a C 3ilm(b): Fig. 5is a plot
of coercivity vs. underl ayer thickngss og a 40nmthick CoCrTa filmsputter
deposited wi thout substrate lﬁ‘
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| ayer bet ween the Co and the N Al |ayer; Iﬁ]”?h]s%:tsq W pEEN

the x-ray dlfﬁli%&ms ctra of a CoCrPt/N Al filmwth ang £D
2:5nm t hi ck ced ayer between-the CoCrPt |ayer

| ayer; the x-ray diffraction spectrumof a 40nm thick
CoCr Pt fllmon Kk FeAI under| gyer on glass substrate;

Ak b

Fig- 5

CoCrTa,40nmlNlAlorCr_/]glass
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Fi g. 12 shows—“rhrx—r‘ay—drf‘f‘r‘actlon spectra of NNA filnms &f Th@OsMeEzaNGAS BEEN

500nm t hi ck Ias S b trates,; Fig. 13 shows thje x- ra;aya,o.u.u_:)
di ffraction il s of 100nm and 740nm t hi ck
substr at es; plots carrier to total integrated noise ratio
(CINR) as a f | i'near den5|ty for two disks,
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Cocha/m W|th bi as sputtered magnetic | ayerdis
unbi ased eeHe(Be Fig. .15 plots the car
i nt egr at ed’ (CI NR) as a function of |inear denst
di sks, CrTa/NCAl, wth unbiased sputtered nmagnetic and

underl ayers; . 16 plots the tohal medi um i nt egr at ed noi se power
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(MNP) aSﬂ—f—uﬁe{—i—eﬁ—ef——l—l—ﬁear density for the two disks of Fi ==
’aEHb?‘ $1*mct fr‘/®$1

Fig. 17 plots the total rredl um i ntegrated noi se power (MP)
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t‘he wel | _known disc drive—assenbli es. In an .al ternati eTakT & Fra—
shown in Fig. 1(b), there may be first and second nmgnetic hayer spe@bacend

16 ', an dhis Skeet Has B erlayers 30 di sposed bet ween t he

| ayer 16 ﬁ ﬁagnet ic layer 16 The interlayer 30 is

pr ef er abl y I s about 1nm 4nm (10 to 40 A) thick. The second
magneti c | ayer 16 Is covered by an ovel ayer 18,
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Co or Co al WO SmCo, CoP, CoPt, CoN-Cr. N-I@SHFCT HAS BEEN
CoCr TaSi CoCr Pt B, CoCrPtTa, or other known Co al | gy nmagRrekt &cep
fi-lms an are aced 60NmM (100 - 600 [err] thick. re—
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10 0.2884nm are al so considered to be good candi dates, fqf THReSHZET HAS BEEN

under | ayer of thé present invention. The materials are Co_ (KEELACED

Q 286nm), FeTi (a = 0.298), CoFe (a = O. 285nnLN@ COT%)(a :B;XEEan) CoHf
0.3 S Wt B2 SYRUGTURBD UNBERIQIMER) ANDCH TBASED
0. 270anmA&@%€ E&‘S@ﬁ mGE%@JnIn) B ABSTRACT

The present invention provides a longxtudmal magnetic
. ;recordmg media having a substrate, a Co or Co alloy based
| imagnetic layer and an underlayer disposed between the substrate
and the magnetic layer comprised of a material having a B2
ordered crystalline structure, preferably NiAl or FeAl. A thin.

Cr intermediate layer of about 1.0nm to 5.0nm thick may be

positioned between the underlayer and the magnetic layer.

£
H

\

This Sheet

//n/l///lll/////mxfli?“”

A
N




AIM (a = 0.
Al [err] FeMn

f or egoi ng |
‘| ayer havin
‘FeTi, CoPe,
Al [err] FeMnh

-3

297nm), AIRe (a = 0.288nm), AgMy (a = 0.328nm),

[err] (a = 0.296nm). It

nEEPLAC_nuu$F3HEET;

s
is anticipated that an ufideria - _
conprised of two or nore |ayers of diffekent material s w thif Dm?héﬁ5MARﬁmgﬁgv

For exanpl e, -
I ”E“

iglfté b% us’edi
CoTi, CoHf, coZr‘?_AQr—.. BASED NAGHETIC ‘ME&, Al Re,
[err]  may be used. Vari ous _

' Eigld.ni_;hs_xnxsnzign
The present invention relates to thin films for

longztudinal magnetic reco:dzng media, and more particularly. to
Bz-.structured underlayers for use with a cobalt or cobalt alloy
based magnetic layez.

‘Invention Background

N Magnetié diéqs_and-discidri?es are.wall knowa for their
utility in storing data. They.generally uaa.ana or more discs.
rotated on a central axie, in combinatien with data transducing
heads positioned very near tb'ihe re;ording surtaces'of the

- discse. There is an ever inéreasing demand for magnetic

| reéotdxng media with higher stozage'capacipy, lower noiée ahd.

Recording densities in computers have increasea )

A typieal thin film disk

lower costs.
steadily over the last two decades.

has a muitilayer structure'including a substrate at_the base

covered by an undarlayer, a magnetic layer and may be covered by |

an overlayer at the tqu The overlaycr'may be coated with an

~overcoat and an organic lubricant. The magnetic layer is the
main bady on which.the'magnetib bits are'recorded.- Ldng;iudinal
recording mgdia comprised of cobalt or cobalt alloy-based
magnetic £ilms having a chromium or chfamium alloy-based
underlayer daposited on a nonmagnetic aubstrace have become the
dindustry standard. | | | ' o

' ~ Important magnetic propertiea. such as coercxvz:y (Rc).
remanent magnetization (Mr) and coe:cive.sguareness (s*), which
are cruciailco the recording performance of the Co alloy thin -
tzlm for a fixed composition, depend primarily on its
mxcroscxuc;ure. For thin f£ilm longitudinal magnetic recording

media, the desired erystall;ne_structure of the Co and Co alloys

i S %elleved tldL a HUILIpIe




conbi.nations of nultiple l'ayers wherein each layer is one of [|IREPLBZSMENT SHEET
ordered crystalline phases nmay be enpl oyed as the underl ayer of t?giMAR 1096 '
present inventi-on. -~ An overlayer 18, which is thought t

corresion, may be provided adjacent 2to and preferably-in con
magneti'c |&guhexpsooallsloseTnackmirUﬂyﬁr $h|§niax1abnmquxﬁlﬂﬁne [err]

t hi ck d b d f
|§_.an Jgisogiogg gng 2 magnetgiat;on easy directgon aYQng the c- axis

is in the plane of the £ilm. The better the in-plane c- axxs _

'crystallographzc texture. ‘the more suitable is the Co alloy thin

film" for use for longitudinal tecording. This is required to
"-'achxeve a high remanence.- For very small grain sizes coercivity '

increases with increased grain size, Large grains, hbweﬁer,'



S i

conb{nation t hereof. An over coat 20 hay be p}ovided e gFﬁ% HtFT“H“tr
_Fver.ayer 18,I§o that the overlayer 18 is positioned betweer)| { &MRbKEG
layer 16 or 16'' -and the -overcoat 20, as shown in Figs. 1(a) fo: B0 N N Y-S

overcoat prOV|des a nechanical wed
S R SR e et W Bt 560 ot
on, S%%Qr@fvf%flé“”lkho§tCihéjidE%eZESIfﬁrdoise associated with large -

gra;ns._ ‘To ach:eve a low noise ‘magnetic medium, the Co alloy

thin film ehould have uniform small grains with grain boundariee
'mhich can nagnetically lsolate neighboring graine This kind of
| microstructure and crystallographic texture is normally achieved
by ranipulating the depos;tzon process, by grooving the
substrate surface, or moet often by the proper use of an
_ underlayer
Underlayers can strongly influence the crystallographic
. orxentation. the grain size and chemical segregation at the Co
alloy grain boundaries. Underlayers which have been reported in
- the lxterature include Cr, Cr with an additional alloy element X
(X « C, Mg, Al, Si, Ti, V, Co, Ni, Cu, 2r, Nb, Mo, La; Ce, Nd,
Gd, To. Dy. Er, Ta, and W), Ti, W, Mo, and NiP. While there
 would appear to be a number ‘of underlayerx mater;els available,
in prac:zce, only a very few work well enough to meet the
demands of the. industry Among them, the most often used and
'the most successful underlayer is pure cr. For high density
recording, in plane orientation has heretofore ‘been achzeved by
grain-to- grain 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 paralle] to the tilm plane or w;th a large
-component of the c-axis in the film plane. It has been shown by
'X. Hono, B. hong. and D.B. Laughlin, 'Crystallography of Co/Cr _
l bxlayer magnetic thin £ilms", Journal of Applied Physics 68 (Sl
». 4734 (19%0), that acc Cr underlayere promote grain-to- grain
' ep:taxxal growth o£ HCP CO alloy thin £ilms deposzted on these.
: underlayers. The heteroepitaxial relationships hetween Cr and
Co which br1ng the [0002], axis down or close to the film plane
are (ooz)c,//(nzo)c,, (110)0,//(1011)._,.. (uo)c,//uoxo),.. and



An organic lubricant 24 may be di sposed on the overcoat 20. || THRELACEMENTEET

is 1 - 30nm(10-300 [err]) thick and is preferably a quoro-%ylorqqgmmRnﬁpa
or a perfluoroether. Exanples included4 CC[err]FCO. F[err] S L n s

CFl err] (CF[ ena)p]e// | O Gk ] , DSRifexent OEGACY |ogivaxiQil eén&uonsmps

Gl er T (O et L T et Sept bl ploebone)) (o) Cx underiayer
must be thicker than about 100 A to promote the formation of the
Hep structure. U.S. Patent No. 4, 652 499 discloses efforts to.
inprove the underlayer by addxng vanadium (V) to Ct to change
1ts_lattiee constant and thereby to promote a_bette: lattice
matching between the;HCP_Co eileys,_CoPt ernCoPtC:,-and the BCC
crv underla&sr; | : | f o | | | )
| The need for lighter. smaller and better performing
”c0ﬂputers with greater storege density demands higher density
.herd disk nedza. it is an object of the present invention to
meet those demands with a longitudinal magnetic recording media
hsving high eoercivity and low noise. It is a fuither'object of

the present invention to meet those demands with a novel

| underlayer for the magnetic layer.

SUMMARY OF THE INVENTION
The object of the 1nvention is setisfied by a magnetie
..'recordzng medium comprising a suhstrate. a magnetic layer,
preferably formed from Co or Co alloy film, and an underlayer
comprlsed of a material having a B2- ordeted erystalline _
'structure disposed between the substrate and the magnetic iayer.'
The B2 phase is §eleeted frem the. group consisting of Nihl
AlCo, FeAl FeTa, COPe. CbTi, Cbe, COZr, NiTi, CuBe..CuZn,
AlMn, AlRe, AgMg, | and Al,FeMn,, and is lnost preferably NiAl.
The underlayer may be formed in multiple layers wherein each
layer is a different one of the foregoing materials.- The Co or
Co alloy magnetic layer has a hexagonal elose packed structure
deposited with its magnetic easy axis substantially parallel to
~ the plane of the magnetic layer. ) _
The recording medium may also inelude a chzomium

1ntermed;ate layer interposed between the magnetic Iayer and the



CTRISoBAIET fgs BEERN || FHREIACEMENT SHEEﬂ

This Sheet Has Been Reﬁcea
Cogeifeagpd  Cofr q;];t i % MER elgga

R e e

e

t he present inventign

sputter-deposited onto & or N A ubderl SlLrdtes hy: et
t echni ques \QEJA%@??WP torﬁé‘oﬁ&e?ﬂehkﬁée' Yayés o dlMelatvelgt tngnsarrm e -
nagnetonetry was used measure the magnetic properties I n al

\tNge fol I ow BerefeddBRyi Betwén emsml s 6oss0iked Hirmer Riyeredea:smad\drdeng
-S . some :wprovenent provided the layer is thiek enough to form a
substantielly continudus layer on the surface of the underlayer.
_ ‘The magnetic layer may be covercd by an overlayer which in
| itu'n ney be covered by an overcoat. An organic lubricant is
preferably added over the overcoat. | o
In an alternat;ve arrangement. there may be a £1rst
megnetxc layex and a eecond magnetic layer with one or more
1nter1ayers d1sposed between the two magnetic layers. The
znterlayer is typically Cr, of about 10 to 40 A. The second
magnetic layer may be covered by the | '
overlayer/overcoatllubricant 1ayerl described above.
rateriale with the B2 structure are ordered structural
derivatives of the body centered cubic (BCC) structure, which is
the structure of cr. NiA1,'for'exempie. is a ﬁume Rothery B-
_phase electron compound with a valence electron/etom ratio of
. 3/2 which givee a B2 cryetal structure, shown in Fig. 2(b).
Nial has a 1att1ce conetant of 0. 2sevnm, almost identical to
that of Cr, O. 2834nm. By placing the 82- ordered structure on
the subetrate, below the magnetic layer. the Co or Co alloy
‘11ms. when deposited, either directly or through an _
intermediate Cr layer, grow epitaxially at the B2 inter!ace and
reorzent the hep c-axis away from being normal to the film
plane, yielding a stable, 1mproved thin film microstructure with
nagnetxc properties which are particularly well suited to high
dens;ty recordzng 'NiAl, for example, maintaine 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 Sonding between the metallic
| atoms slows the atomic mobility during the film’s deposition

thereby yielding a smaller grain eiae film than is present with



o um ity

used for f|In1dep05|t|on onto smooth gl ass substrates mhlch RFELA% T‘NTo%EtT.
paft. @ § MARa4805

~‘mechanically textured. - . A 100nm N Al filmwas depositaegd

substrate. Its microstructure, as observed by transm ssion glectrgp it
m croscopy (TEM, is conpared withéa similarly deposited Cr film.and shomn

in Figs. acandcsmndemeyur/.\l Ai mlruggaisastmvsumbe@eﬁin the oragordiogt

15nn1mh|ch is noticeabl mal | bout 509 th f th :
simlarly sBHPP%?‘%%ngngG EFG£?(a %éFﬁeaS n dW%P rgkgegégﬁFﬁgeg -

under layer ShignFn M HERSE? 1Y eha'ésapi AdigeQ0 based magnetic

| ayer-. It i ¥

. In addition, NiAl zs nonmagnetic with an extremely low
magnetic susceptibility. on the order of 2%10°? to 5x10°* emu/g,
has good thermal conductivity, high stiffness, and good

env;ronmental corrosion resistance.

§BlEE_DE5QEIBIIQH_QE_IHE_DBAEINQS
_ The advantages of the present invention can be better
understood by reference to the drawings in which:

Figs. 1(a) and (b) are schematic illustrations of _
enbodiments of a multilayer structure of the thin film disk of
the present invention;

Figs. 2(a) and (b) depict the erystal structures of cr
(BCC) and NiAl (sz). respectively;

| Figs.“B(a) and (b)'sbow the'bright field TEM micrograpns |
of a 100nm NiAl film (a) and a 100nm Cr £ilm (b); -
o Figs. 4(a) and (b) ehow atomic force microscope (AFM)
views of a NiAl film (a) and a Cr film (b);
| Fig. 5 is a plot of coercivity ve. underlayer thickness of
a 40nm thick CoCrTa film sputter deposited without substrate .
bias on either NiAl or Cr underlayers. ' |

Fig. 6 shows the x-ray diffraction spectra of CoCrTa/Cr

and CoCrTa/RiAl films on glnss subatretes; where the CoCrTa
,layers are 40nm thick and the Cr and NiAl underleyers are 100nm
thick._ | . _
Fig. 7 plots the coercivity of a 40nm thick CoCrPt film as
a function of underlayer thickness for NiAl snd cr underlayers.

Fig 8 shows the x-ray diffrection spectra of CoCrPt/Cr

~and CoCrPt/NiAl films on glass subgtrates, where the CoCrPt

layers are 40nm thick and all the underlayers are. 100nm thick;



that. the strong atomic bonding within the two atom structure REGLACEMENT SHEET
inhibits the nobility of the Ni and Al atoms and so limts t ro M '
‘the grains. The snall, wel | faceted gralns of ' Ni Al pronpte ts %%g@ﬁﬁ%ﬁmﬁm.
of smaller, nore well" deflned grains 7in the nagnetlc | ayer. ~Smalléer

grains reduce noi gdgn ﬁ@owﬁeGdeKnganEdiﬁraction Apectyghnefsaanal ysis was
done .al so u5|n an,_at Qm ¢ forge m croscope (AFM. The AFM uses an .

extrenely sre@TTH{ATAL £31m,w SEaﬁ“@HﬁiEHQHﬂ(! 2ubBnac think ﬁéaém#exquﬂate
-atom ¢ attre¥§96¥1between the CoCrTa layer and the NiAl leyer;'_

Fig 10 shows the x-ray diffraction spectra of a _ _
: CoCrPt/NiAI film with and without a 2 Snm thick Cr intermediate
| layer between the CoCrPt layer and the NiAl layer; |
_ Fig. 11 shows the x-ray ditfraction spectrum of a 40nn'
thick CoCrPt £ilm on_a 1§0nm'thick'FeAI underiayer 6n'glass
o substrate, o | '
Fig. 12 shows the X-ray diffraction cpectra of NiAl filme
of 100nm and 500nm thickneee on glass eubstrates,
Fig. 13 shows the x-ray diffraction spectra of FeAl films
"of 100nm and 740nm thickness on glaes substrates; '
Fig. 14 plots carrier to'totei integreted nodse retio"
(CINR) as a-functien'of thellinear density for'two diske,
'CoCrTa/Cr and COCrTa/NiAI ‘with bias sputtered magnetic lafers
and unbiased sputtered underlayers; '
Fig. 15 plots the carrier to total integrated noise ratio
(CINR) as.a function of linear deneity £or two disks, CoCrTa/Cr
and CoCrTa/NiAl with unbiased sputtered magnetic and
.underlayers; ' '
Pig. 16 plote the total medium integrated noise power |
(MNP) as a function of linear deneity for the two disks of Fig
14; and, | _ ' -
Fig. 17 plots the total medium integrated noise power .
:(MNP) as a funct;on of 1inear density for the two d;ske of F;g

1S5,



between the sharp tip and the surface of the sanple. The AF REPLAGIRREDY siszx
determine on a very small scale the topol ogy of the sanple
white and dark areas .of Figs. 4(a) and (b) -represent. height

the Ni Al and Cr underlayer filns, r&spectlvely, of 100nmth

images clearly. show that the grains (dlaneter of bunps) of the N|AI fI|ﬁE
mo. DEIB1LEE_DESQBI2I1QE_QE_IHE_EBEEEEBEEL_MBQQLMEMI
Referr:ng to Fig. 1(a), the preferred embodiment of the
: magnetic recording medium 10 of the present invention is
comprised of a substrate 12, an underlayer 14 and a magnetie_
layer 16. In eddition,_there maybe an overcoat 20, as shown.
An intermediate layer 22 of Cx .ma'y'be' disposed between the
underlayer 14 and the'magnetic lafer 16. An organic luBricant
24 is preferably applied to the overcoat 20. The'reeording
. media 10 of the present invention is an improvement in the
_ recording media which form the rotatable discs used in any of
.'the well known disc drive assemblies.' |
In an alternative arrangement, shown in F;g l(b). there
may be first and second magnetic layers, 16' "and 16", and one
or more interlayere,3o disposed between the_firSt-magnetic'layer
16’ and'a second magnetic iayer 16''. The_interlayer 30 ia
preferably'made of Cr and’ie about inm-4nm (10 to 40 A) thick.
' The second magnetie'layerlls"'ie covered by an overlayer 18,
the o#ercoat 20, and_the organic'lubricant 24 shown in Fig.
1(a). A seed layer 28 about lisnm (15 A) thick may be diepoaed
between the eubetrate 12 and the_nnderiayer 14 to nucleate

growth.



12 4(a) are nuch smaller and nore uniformthan are the Cr grg @@pLAErgr4T@1g -

4(b). Smal'l and.unlforn1gra|ns inmplies |lower noise if everyhing. zlﬁﬁ

about the nedia is equal. The roughhess is a neasure of the \/@(a{e]cl5AR1996

hei ght vari ations as- one scans over the sanpl e. surface.. The
square (RM5) and nean (average) roughness (Ra) -are two dlfferent mays of

cal cul ating the.

~ In the preferred gmbodihcnt5 the substrate 12 is formed of
glass, silicon or gn.aluminum alloy co;ted with NiP, |
| AItetnatiﬁé_hard digk_subé;xates such as-eaﬁasite, of SiC may be
used. ' _ _ | . N |

The magnetic layers 16, 16' and 16/, are depésited with
the longitudinal magnetic éa;y axis thereof substantially
.parallel-to the plane of sﬁeh magne:ic laye:} are preferably a
Co or Co alloy £ilm, such as CoCr, SmCO._COP, COPt. CoNiCr, -
CoNiPt CoCrTasi - CoCrptsi, COCrPtB, CoCrPtTa, ct ocher known Co
alloy magne:ic_films and are each about 10 - GOnm_(loo - 600 A)
thick. o | | | :

The B2 ordered cryctalline atructure of the underlayer 14
isfshown 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 Pehl, or multiple layers,

: alcerna:ing becween a NiAl layer and a FeAl layer. Other phases
'having a B2- ordered structure and lat:icq conotanté Close to

‘that of NiAl (a = 0.2887nm), FeAl (a = 0.291nm) and Cr (a =
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roughness fromthe sane data. Wile the maxi num hei-ght (Rna“)REaHME@fhh-o
if there is a bad spot on the sanple, it is a gogd |nd|?%4%ﬂ@

~of the extrenes (lLack of uniformty) of the roughness if the saﬁple i ﬁwﬁ

good.. The roughness difference bet®f@en the Ni Al and. the O i s anotfer

m sl eadi ng

I ndi cation
statistics
roughness
filmshows

s':E""T

R-4884nmh %8 Ak8o sonsidened ke be gpod andidates THor phee

CBlarBFyef A the RRS RS AmEhEAGR PR o BT e, " The o

Bl\iféor nghn@sm@.m? F@-?ma 3 Geasey Owﬂeaa L RR)26%nm) ,

- CoTi (a = 0.299nm), CoHf (a = 0, 316nm), CoZr (a = o 319nm),

NiTi (a = 0.301nm), CuBe (a = 0.270nm), CuZn (a - 0,295nm),_

. AlMn (a = 0;297nm). AlRe (a = o;zbbnm); AgMg {(a = 0.328nm), and

Al,FeMn, (a = 0.296nm), ¢ is’anticipated that an Underlayer

coxprised of two or more laYerc of different materials within

 the fcrcgcing list may be used. _Fcr 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, AIVn,' AlRe, AgMg or Al,FeMn, may be used. Various

- B2 ordered crystalline phases may be employed as the underlayer |

 of the present inventaon.

" An overlayer 18, which is thought tc prevent corrosion,

‘may be provided adjacent to and preferably in contact with the

nagnet;c layer 16 or 16'’. The overlayer 18 is 1 - 10nm (10-100

A) thick and ‘may be mads ot W. Ta, 2r, Ti, ¥, Pt, Cr or any

-combination thereof.

An overcoat 20 may he prcvided external to the cverlayer

18, so that the overlayer 18 is positioned between the magnetic

| combinations of multiple layers whexein each layer is one of the

layer 16 or 16"'and the ovnrccat 20, as shown in Figs 1(a) and '

(b}. The overcoat prcvides a mechanical wear layer and is 2.5 -
gonm (25-300 A) thick. It is prcferably made of a ceramic

material or diamond like carbon, such as 8i0,, 8iC, CN or z:cu.

An organic lubricant 24 may be disposed on the overcoat 20. The

iub:icant is 1 - 30nm (10-3b0 A) thick and is_prcferabiy a
fluoro-chlorocarbon or A'perflucroether. Examples includc
CC1,FCCLF,, CF, (CF,) (CF,, cr,(cr, CFy, cs',tcr,l,.cr,. and

CF, (CF,), «F;. |




0.581nm and a naxinun1height (Rmax) of .4.914nm dearly, the‘(ﬁgnuxaa&”awegxp

has both larger grains and is conS|derany rougher than the

underlayers of v rlous thlcgnei Iass supstrates. . The
coercivities of -tRe€ Pt

.............................

A BS3nat IR prapestien et Bhenr s e

der| Kk,
: ﬂeerco?:ry?a/"‘d%w?sf“’°‘%m3 sbfifu ke £haBed g URRRRE O ot dd) O
films for Ut abi bnd hwﬁeﬂepﬁe_&r depob.@tkacﬁﬂ:%sc:t 68 1wy _Qﬂr_:\sei'llajrm eases

on glass substrates by techniques well known to those skilled in
the art. Vzbrating sample magnetowetry (VSM) ‘was used to
measure the magnetic properties. In all_the following |

~ experimental examples deaoribed herein RF diode sputtering was

-~ used for film deposition onto smooth glaee substrates_which ﬁere-

. qot mechanioally textured.

_ A 100nm NiAl film was deposited onto a glasa substrate
its microstructure, as observed by transmission_eleocron .
.microscopy (TEM), is oompared'with-a eimilerly depoeiced Cr film
and shown in Figs. 3a and 3b. The'niAl £ilm, Fig.laa_shows a
_grain size o::about 15nm:ﬁhioh is notioeably smalier'(about 50%)
'thanfthe grein size of'rhe eimilerly'sputter depoeited'cr £ilm,
Fig. zb' The grain size of the underlayer strongly influencee__
‘the grain size of the CO based magnetio layer. 1It is believed

that the strong atomic bonding withiu 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 graine of
. 'NiAl promote ehe formation of smaller;-ﬁore well defined grains
in the magnetio leyer._ Smaller graine_reduoe noise in the
recording media. ; ' o

| A roughness analysis wae done also using an atomic force
microscope (AFM} . The AFM uses an extremely small sherp tip to
scan the sample surface and measures the atomic attraotion
between the sharp tip and the surfaoe of the eample The APM
can :hereby determine on & very small scale the topology of the
sample surface. The white and dark areas of Figs. 4(a) and (b)
represeht heighe differenoes of rhe NiAl and Cr underlayer |
films, respectively, of 100nm thickneae. The'images clearly
show that the grains (diameter of bumps) of the NiAl £ilms, Fig.



and_then reaches a plateau as the underlayer thickens. The| RERSAGFEMENT SHEET
increase is indicative of larger grains. As. i ndi cated previpusly, 5

.grains al so cause increased noise. Wth a C inderlayer, H%ﬂtﬁrze m&ggﬁ
grain size causes a nuch rougher surface which interferes wtir the abitity

of .the magnetic head, or transducefl2to get close to and .read the disk. In
practice dues t«d anernwsiectmdhatamdjmqrg mi;iqrm thanuave rthey & Qéaimﬁ made

Fig. 4(b). Small and uniform graina implies lower noise if

everything else about the media is equal. The roughness is a
:'measure of the vertical height variations as one suans over the
-sample surface The root mean oquare (RMS) and mean (average)

roughness (Ra) are two different ways of calculating the
..roughness from.:he same data. While the maximum height. (Rmax)

can be misléoding if there is a bad spot on tho sample, it is a

good indication of the extremes (lack of uﬂiformityf'of the

roughness if the sample is good;"rhe roughness difference

between the'ﬂik; and the.Cr is another indication of the larger

variation in:;he Cr grain size,  The image s;atistica_for the
~ NiAl film show an ﬁMs rougﬁness'ot 0.372nm, a mean roughneao

(Ra) of 0. 29$nm and a maximum height (Rmax) of 2.798nm. The Cr .

£ilm shows RMS roughnoso of 0.722nm, a mean roughness (Ra) of
0.S81nm and a maximum height (Rmax) of 4. 914nm. Clearly, the Cr
' underlayer has both 1arger grains and is oonaiderably rougher

than the NiAl film. :

As shown in Fig. §, 40nm thick CoCrTa filme ware deposited
onto NiAl and Cr underlayers of various thickness on glass
substrates. The in-plane coercivities of the magnetio £ilms -
were plotted as a function of the underlayer thickneso. Wheﬁ

the underlayer is greater than 100nm thick, the COCrTa/N:Al

£ilms have a higher coercivity, He, than the CoCrTa/Cr films for

comparable thickoesseo. ih_both cases, the.coerciviiy increaoes_'

and then r@éches a plateau as the uhderlayer thickens. The '
steady increase is.in&ioaeivo of lorger grains. As indicated
previously,llarger grains aloo causo'incrodsed noise."w1th a Cr

;nderlayer. the increased grain aizo causes a much rougher

surface which interferes with the ability of the magnetio head
or transducor,'to get close to and read the disk. In practice,

Bue to increased manufaoturing'costs. the underlayer is_oot made

[



13 any thicker than it has to be to get the desired i nprovengnREPLACEMENT &iv 8T
coercivity. At thicknesses about equal -‘to and greater than [LOOnm _the

recordi ng medi um having .the N A underl| ayer. offers '-great er co@aml MZ ﬁy’%ﬁ 1996

t hi cknesses equal to or even sllghtly | ess

any thicker than it has to be to get the desired 1mprovement in

coercxvity. 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 slxghtly less
~ -~ than those of a recording medium having a Cr underlayer. At a
thickness of locnm, 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 Nihl is used as the
underlayer than it doea when Cr is the_underlaye;. The NiAl
£ilm has its {110} and {112) pl;nea_preferentielly oriented
.parallel to the film plane Thie 15 supported hy X-ray
diffraction studies which show that the CoCrTa film on the NiAl
underlayer has a larger (1019)a peak than the CoCrTa film on a
lci underlayer; Fig. 6 provides a coﬁparieon of x;ray _
diffraction spectra of the CoCrTa/NiAl and CoCrTa/Cr £ilms with
“their Hc values merked on each curve. The NiAl spectrum has a
much stronger HCP Co (1010) 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 etudies were performed for CoCrPt £ilms. The in-
plane coercivity'of a 40nm CoCrPt £ilm is plotted in Fig.'7 as'a
function of underlayer thickness for NiAl and Cr underlayers
It shows that for a thicker underlayer, the CoCrPt/Nahl £ilm has

" a higher coercivity than the CoCrPt/Cr £ilm. Fig. 8 is the x-
-ray.diffractién spectra'oflcbérP;/Nihl enﬂ CoCrPt/Cr films which
éhow that the ConPt-film on the Nial underlayer'has a s;réﬁget

'_(1oionh peak than does the same_film.on Cr underlayer, which
:again is an indication of a better in-plane e-exis-film _
crystallographic texture. - Fig. 11 demonsfrates tha£ anOther

phase wzth the B2- structure. Fehl, also produces a strong



t han those of a recording nedi um havi ng a [CTHIBSEEEAYAS. BER REHM%K%@SB SHEET
of .100nm the N Al underlayer offers conp abIeREﬁu&QEDutlei and s ﬁx
grains than the recording nedia hdding a T underrayer {| Data:..4. 5 ...... R.1996..

addi tion, thEoYeopiakg nPtliisnsddedatdeld mlwsptanhnproveanoeﬁwxuy.
crystall °9r€&“'& W15 %00 Content, _‘t%%dmi‘énéﬁ‘fe layer does not
Jattice match well with the Cr underlayer. The addit;on of the
larger Pt atom to the Co alloy is believed to expand the atdmic_
spacing so that there is no longer a good lattice match with ‘the
cr underlayer Fig. 8 also shows a (0002)“,peak. which '
reflects & poor epitaxial growth to the Cr underlayer This
_ phenomenon does not appear to take pPlace when the NiAl is'dsed
as the underlayer. The NiAl and PeAl spectra reveal a stroﬁg'
(1010), peak and the absence of the {0002} peak. which is
indicative of a good longitudinal structure. '
NiAl has not been heretotore used as an underlayer for
.thin £ilm longitudinal magnetic recording media. The sputter
dep:szted_Nzhl filme have small grain size and enhance the co
alloy fjlms‘(lbfo} 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. SLmilar.;mprovéments can be found when other
subét:ates; such as alﬁminhm'alloy substrates coated with NiP or
silicon substiatea‘;re used. Similar'repults on altérqative )
 hard disk eubstrates'sneh-aa cannsitg;'or sic should be obtained
also. The underlayer cf;the present invéntion'may be used as
the underlayer for other Co alloy thin films, such.astOCr,
SmCo, CoP, CoPt. CoNiCr, CoNiPE, CoCrTasi, CoCrPtss, CoCrPtB,
and CoCrPtTa. | |
'i Further improvement in the magnetic properties of the Co
~_alloy thin £ilms on NiAl underlayers can be attained if an
ﬁntérmeéiate layer of C: is inserted between the Co'allby'thin
_ iiim‘and the NiAluundétlayer. Furthermore, the Qndériying NiAl
. texture is transmitted to the intermediate'Cr layer, Fig. 9

shows the x-ray spectra of a CoCrTa/NiAl £ilm with and without a

2.5nm Cr intermediate layér_between the CoCrTa laygr_and_the

This Sheet Has Been Reilaced
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underl ayer than it does when O is the underlayer. The N Al RERWM+h65\4P54=* !
{110} and {112} planes preferentially oriented parallel tojjthe fi

This is supported by X-ray diffraction studi es which shom/t'd@ﬂ@héiggﬂﬁggﬁmim
filmon the NLAl. underlayer has a larger (1010)[err] peak t
filmon a C underlayer. Fig. 6 ¥govides a conparison of x-ray S
diffracti opiApeniyexrsaf Fhom Guig.T3/ bt Als aipbaTent Toh&t whenma we-i-ﬁ thin

layer of Cr is placed between NiAl and CoCrTa, the high quality

 textu:e of the Co (2010) is maintained and the coercivity is |
imprOQed. it,is beiieyed that the increase in coercivity may be
due to diffusion of Cr from the intermediate layer to grain '
boundaries of the CoCrTa, It has been found that gh
intermediate layer 22 of Cr having e thickness less thaﬁ abput
1.0nm does not form a continuous layer. A substantially
continuous layer is apparentiy'needed to give consistent
results. At 7. Onm to 5.0nm thicknese and above, however, the _

' improved coercivity is marked and consistent Thicknesses above'
-S.Onm continue to provide good eoere;vity. but ﬁzcduce no
significant impfovemente Surprisingiy,.the ccmbinatioh of a .
”CcCrP: magnetic layef; a NiAl underlayer and a very thin (abcut_
2.5nm) Cr intermediate layer disposed between'the magneﬁic]layer'
and the underlayer increases the coercivity even more
significantly. by 450 Oe. If the cohalt alloy magnetic layer
has only the 2.5nm thick Cr layer without the NiAl underlayer.
ihe Co layer tends to remain either face centered cubic (FCC) or
orients (0002) perpendicular to the plane ot the film. | |

F;g. 10 shows the x-ray spectra of a CoCrPt/NiAI film with

and without a 2.5nm Cr intermediate layer between the CoCrPt
laye: and :he NiAl layer. The increase in coercivity is even |
more dramatic than the.increese_shoﬁh in Fig. 9 using'a CoCrTa
ﬁagnetic laYet; The lattice constant of the cobalt HCP '
structure is signiiicaﬁtly increased when the larger Pt atom is

] substituted for Co. Hence a pocret lattice match between the

' CoCrPt and the underlayer'resulte. This is obvious ;n Fig. 8
khere'CoCrPt on Cr_showed no Co tloib) peak at all. This peak
does occur for the Nial unde:la}er. however. It is believed -
that :he difference can be ahtribﬁted-ho the ability of NiAl to
form a better (112) ;extnfe than Cr. Although it 1s_nct visible



their

stronger HCP Co (1010) peak adj acent th
to reflect a (112) Ni Al texture whichgi s Weak —oOr not—pres

Cr. under | ayer on the x-ﬁwd;&&:&bﬂﬂbﬂaaﬂ@nﬁ?rEﬁiﬁ%d‘)@%h@ﬁ}ihéé UHS at1ne -
in- plane coercivity of a 40nm CoCr _

‘Hc val ues mar ked on each curve. Tié”Nﬁ@Haﬁnﬂggaﬂlhﬁé REBH@%ﬁME&TSHEET

I T IR
|

Ni Al RERUAGEpeak v

e B o e ..

Imis plotted in Fig

functlon of uﬂMepIayesstdugﬂenessrhiukd*‘ﬁilaadsﬁbwtﬂhti'b&iRrSc shown in

Figs. 12 and 13 for the NiAl and FeAl underlayers. The (112)

texture represents a good lattice match to the_Co(loiol texture.
Furthermore, by_comparing'rigs. 8 and 10, the dramatic _
difference becween COCrPt'on-a Cr underlayer (no (1010} peak and

a Idﬁe: coetcivity) Snd CoCrPt on NiAl with a thin intermediate

layer is apparent. _

Tests were doné to compare the carrier to.notal integratéd-.
noise ratio (CINR) as a functien'of the Jinear'recdrding |
density.'measu:ed_in kilo flux changes per inch (KFCI) for two

disks. Procedures for taking total 1ntegratéd noise data are

well known to those skilled in the art. See, for example, Belk -

et al., *Measurement of intrinsic signal-to-noise ratio for
high-pérformanée rigid recording media,® Journal of Applied_
Physics, Vol. 59, No. 2, p. 557 (15 Jinuary 1%86). -The.resuits
are plotced in Fig. 4. The underlayers were sputter depésited

on a glasa 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 CoCrTa/Cr hayzng a

~ coercivity. of 1700 Oe. The disk represented by circles was

CoCrTa/NiAl having a coercivity of 1400 Oe. The disks having

NiAl as the underlayer were determined to behave comparably to

' the di#ks héving Cr as thc'pnderlayer.-buc the coercivities were

somewhat lower in this sample for NiAl films when the magnetic
.layef is depoéited with'biasQ The noiéa 1evel§ were also |
somewhat lower. _ o | '

In order to compare recordings on media with szmilar

coercivities 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

shokn in Fig. 15, The dink rcp:psented by the squares had a

ect Has Been Reﬁaced '
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it shows that for a thicker underlayer, the CoCrPt/N A fil mihgspLachigiesissr
coercivity than the coCrPt/Cr film Fig. 8 is the x- ray djffractjan
spectra of CoCrPt/Ni Al -and CoCrPt/Cr filnms which show that r@atgoo?&mfmsaﬁ
on the Ni Al underlayer has a stronger (1010)[err] peak thap=d _ :
filmon Cr underlayer, which again_is an indication of a better in-plane

c-axis film crystallographic textdr i.g. | '
CoCrTa magne icp ayer_&%'a r uﬁhgrlé%egegggsgrégé¥%5J¥y§ %E?ther

1000 Oe. The disk.represenﬁed by circles had a CoCrTa magnetic
layer and a_NiAl anderlayér'and a coercivity of.1150 oe.
Agéin. £he beh#vibf of the twp diské was comparabie'with thg
NiAl disk;shoking iowex noise somewhat. |
Fig. 16 plots the medium integrated noise pbwér_(MNP) as a
function of linear dénsity. The MNP represenis the total
integraged'noise power divided by the voltage pulse one would'
obtain if the signal were recorded at low frequeneiés.fi.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. Thé_results for the disks in
Figs. 16 and 17 are comparable, withzlower noise for the disk
_ habing the NiAl underlayét. particularly when thé,&agnetic layer
are not deposited with bias. The results demonstrate that the
disposition of.the'ﬁihl undgrl#yeé betwegn the substrate and the
'ﬁagnetic-layer is at least as valuable, if not more 80, to the
enhanced behavior of the recording mcdia_thﬁn the similar
djspositién'of a Cr underlayer. It'is anticipated that thin
film longitudinél magnetic recording media having NiAl
underlayers, or other B2 ordered structures as.uﬁderlayers,
wiil. with minor optimiiation. perform even better than the

comparable produdts with Cr underlayers.
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1. A magnctic_zecqrding'medium éompr;singz
 a substrate;
a Co or"Co'alloy £41m forming'a magnetic léyer; {and,}
an underlayer comprzsed of a material having a B2- ordered

crystalline scructurc disposed between aaid substrate and said

hlm_._anﬂ., o ' : .
ehrom v aiate laver interposed hg:msan paid £ilm

2. The recording medium rvecited in claim 1 wherein said
material is NiAl.

3.  The recording medium recited in claim 1 wherein said

material is FeAl.

<. The recording m@dium_recieea in claim ) wherein said |
ma:erial.ia oelected.frdm the group consisting of NiAl, AlCo.:

' FeRl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMa,
Ai!ie,- AgMg and Al,FeMn,.

5. The recordihg mcdium recited in claim 4 wherein said
undexlayer s comprioed of multiple laycrs of two or more of .

said matetials thh the 82 n:ructuro.

6. - The ricording medihm'reeited in claim 1 further compriciﬁg-
" an overcoat disposed on said film, such that said film lies
between said undeflayct and said overcoat.

is Sheet Has Been Reﬂlaced
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(1010)[err]. peak. S added to Co al | ‘y'SHlBCSHEﬁq-I‘;@A/§B§ rlei Vﬁ&é{ . out At o

e et ot A [ e e e

bel i éved to expand tihe &t oM c"sphci'ng s 9that there S no | ¢

D

| attice match with the O underl ayer.. F|g 8 al so shows a (0002)[err] peak,
which reflects a poor epitaxial growth to the C underlayer. This .
phenormenon does not appear to take place when the Ni Al is used as the

under| ayer. The Ni reveal ron (10 )[err] peak and
t he absence of theﬁoogﬁfgégﬁ% gﬁd,ig lﬂﬁ £(§Q¢bﬁ§|qw:dalr
structure. an o .Nichmbfnm ,.&e 0 d as an under| ayer for .
thin film!ongitudi na‘fg magnet i ¢ r.eco;a |§§‘ﬁ‘e§ “1‘# g sych hategakgnl

films have snal| @yenasasi 1tesrbetomennssid m:b@qcahtoalné' xture..
The underl ayers of the present invention enhance the |#.ﬁaﬂé&9@ﬁ 'tslg
orientation and therefore inprove the - o
% The recording medium recited in claim ?#further comprisin
an overlayer disposed on said magnetic layer such that said

overiayer lies between said magnetic layer and said overcoat.

W. the 1mpro§eiunr. comprising: _
Lqmmum&hm_n underhycr comprised of a matarial
" having a 82- ordered crystalline structure disposed betwesen said

substrate and nid magnetic laycr_‘nd_mmm_m.ung

10. The improvement recited in ehiu  fwherein said material
is ulcc:cd from the greup eonotcl:ing of NiAl, AlCo, FeAl, FeTi,

CoFe, CoTi, Colf, Cozr. NiTS, m-. Qu2n, Alun. AlRe, Aghg and
Al’?‘yn’

u, The improvemn: recited in claim 9 vherein said
mtermediate layer is sufficiently thick to wbstansiany cover
said underlayer. .

12, | ?rhe stﬁpxowﬁ\cnt ;qciud in claim 9 wherein said

" intermediste layor {s about 1.0nm to about 5.0nm thick.
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I nvention may be used as the_

Co alloy thin filns, such as CoCr,  SnCo, CoP, CoPt,
CoNi Cr, CoNi Pt, CoCrTaSi, CoCrPtSi, CoCrPtB-and CoCrPtTa o Further
|rrproverrent in the magnetrc propertres of the Co alloy thin films on N A

I m'an t hree N|

ntegmegdj ajed ayg of O is inserted
o a"Inuneﬂerlfaryer Furthernore, the

iInt e medlateCr Iayer Fig. 9
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G is placedThiesHaa &fs nd CoCrTa, the highmalgey text o
(1010) Ts ma ”M”ﬂ"l[mﬁ “eoercivity. . Date...Z.ﬁ.MAR...

cr,BCC NiAl, B2
a=2884 a=2087



i mproved. It is believed that the increageTn O CT T ﬁ?ﬁi =
dlffu3|c1h§§mé1h; QRd:Eqi Nt er medi ate | ay, f”ﬁ%,gFaT Aqﬂ%ﬁﬁﬁ% i es o T SHEET -

) PLADEY
CoCr Ta. ound that an i ntejinedi YARRY 22 te ..... [M@R?Bgﬁ |
.t hickness .0nm does not forma continuous [layer A"7"7 T “
‘'subst ant i us Iayer is appareptly needed to give consistent

results. At -1.0nmto 5. 0nmthickness and above, however, the
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10 shows t
. .‘2

_theuco | ayer—tends—to—remarn either faceyresteredas bR
(0002) perpendicular to the plane of tijhe fi khfgpiacen = Fi . | he _
e Sheef —tomt—a=al Snin o . 25 MAR 1996,

X-ray spe FNAL filmw .
i nt er medi at u n the CoCrPt layer and the N A | gyer——-IHhe———
i ncrease in even nore dragatic than the increase shown in

Fig. 9 using a CoCrTa magnetic layer. The |attice constant of the cobalt
HCP e LG | i _ — . De—

0,722 nM
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Mean roughness (Ra) 0.581 nu
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Surface area
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structure is significantl'y I ncreased when the larger Pt ato
substituted for Co. Hence a poorer |attice match between th

the underl-[ﬁ;gg cel [BS an{e B4 S is obvious in Fig. 8 where Co

| .ﬁ%cgs\&%ms;ﬁs?
£, 9% R g

showed no at all. This peak does occur for
~under| ayer s bel i eved thaté t he difference can be attrrbut ed
to the abilh forma better. (112) texturethar‘-

i's not visible
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underl ayers. The (112) texture represents a good lattice m CRESI A BT 5 EﬂlT '
Co( 10TO) +texture—Furthermore, by conparing Figs. 8 and 10, ([t he dr anat tic
difference betvveen CorPt on a. O underlayer (no. (1010). pea ' '

coerci Vi t yh ‘S Re cefj Al with a thin internediate |ay i

Tests were e the carrier tgtotal integrated noise ratio .

- (A NR) as a he | i near recording densit. nmeas tr‘i’tr ‘I;jtg—
( ) g y | et et A\J\—IEN

changes per |nch (KFCl) for two drsks.'Procedures for takijg %F%@

i ntegrated noise data are well known .to those skilled.in t art P%&#ED
for exanple, Belk et al., ™Measurenent of intrinsic signal-to-noise ratio
for high-performance rigid recording nedia," 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 gl ass subStrate wi t hout
bias and the magnetic |ayer was sputter deposited with bias, i.e. with an
~applied voltage to the surface. The drsk represented by squares was

Fnj
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CrTa/Q_JlaAu_ng_a_Lmar_cuuty of 1700 Ce. The disk represefitgs I L :
'mas CoCrTa/NlAI haV|ng a coerC|V|ty of 1400 Ce. The di sks Hfa ?ﬁgx %ﬁr&}°”“*'u

e undertha ned to behave conparably to the db§§s PaWﬂﬂy B....
'as the und he coercivities were sonmewhat |owe
for Ni.Al f magnet ic Iayer i 9 deposited with bias. The noise
|l evel s were a so sone at | ower. I'n order to co aﬁﬁ I ECararTIg

on media with sinmilar coercivities but different underlayells %igggégé%yﬁEEiJ

~sputtered without bias. Tests were done to conpare the car '
i ntegrated noise (CINR). between the two disks. The results are shown in
- Fig. 15. The disk represented by the squares had a
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17 COOTWW%GI Cr underl ayer and a coercivit
The di sk represente | es had a CoCrTa magnetic Iayerﬁg
underl ayer’f‘halsﬂeemgg el teé/ of 1150 Ce

MIIIHIHIHIIIIIH?II E

THIS SHEET HAS BEEN
REPLACED

F‘j. q
| CoCrTa,0V,40nm
800 "
600 - B .

- g
(v |3
13600e S .
il i Cr/NIAL underlayer

200

X-ray IntcnSity
AN
o
o




~ Again, t

show ng Iomer noi se_so

noi se pome
t ot-al |nte
~obtain if t

. pul se helght)

Fig. 16 shoms t he resultéjfor t he dISkS

800

X-ray intensity

ﬁlm%

600

200

H
o
o

%ctlon of linear density. The N
wer di'vided by the voltage puls

Fig. 16 plots the ne

. s ey
di sks was conparable with t ﬁEthekwéhshthT

recorded at | ow frequencies (i.ge_, _the

i sol ated

THIS SHEET HAS BEEN |
REPLACED

t.s__. 10

CoCrPt,0V,40nm|

- Co(10i0)

- He:

16420
,.N

g:

v Y
T ] Y T L ] LA | d ] v ) J

~ |22960e R - - ]
: ifm,\\m »"J!\.'“- - Cr/NIAl underlayer

AdPeia it AN

NiAl underlayer -
b o

| 0 40_

20 6 70 80
20 -



of Fig. #4—Fg—2t7ptots—the M\P as a function of |ineadf LY 1,00, L0¢
di sks of F| 5 _Th res Its for the disks in Figs. 16 REEQ§¢£%“&? ALQ?
‘conpar abl m i EW e for the disk having the N Al E%Jerz SyMAR 1905 l
_ partlcul ar | I netic layer are not deposited with Bias ™ The 7
-results de di sposition of the N A underl ayer bet ween
‘the substrate and the 12
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magnetic Iayer s a s val uable, i

under | ayers,
conpar abl e p_roducts with Cr underlayers.

behavi or d’hISSh‘aet;qag@ggqi y nedi a than the
underlayer ed that thin
recordi ng gjﬂ W under | ayers, :

mi nor optim zatigy, performeven better than {he_
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ABSTRACT

MAGNETIC RECORDING MEDIUM WITH B2 STRUCTURED
UNDERLAYER AND A COBALT-BASED MAGNETIC LAYER

The preseut invention provides a longitudinal magnetic recerding media
having a substrate, a Co or Co alloy based magnetic layer and an underlayer )
disposed between the substrate and the magnetic layer compnsed of a material

| having a B2 ordered crystalline structure preferably NiAl or FeAl. A thin Cr
mtermedlate layer of about 1 Onm to 5. Onm thick may be positioned between the

. underlayer and _t_he magnetlc_layer.

Figg' re. 1
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7. (7) * The recordi ng mediumrecited in claim1 further ¢

TInITIFIS
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overcoat . di sposed on said film such that said film |ies bgtween aﬂ
urfder | ayer and sai d overcoat. 8. (8) The recordin lLu oo 4396
inclaim7 further conprising an organic_|ubricant dispose said — -

overcoat such that said overcoat |ies be?ween said lubricant and said
magneti c ' :

underleyer. The intermediate layer is relatively thin, preferably between about 25
to 50 A. Thinner layers can provide some improvement provided the layer is thick
ehough to form a substantially continuous layer on the surface of the underlayer.

The magnetic leyer may be covered by an overlayer which in turn may
be covered by an overcoat. An organic lubricant is preferably added over the
overcoat. |

In an alternative arrengement, there may be a first magnetic layer and
a second magnetic layer with one or more interlayers disposed between tl.1e' two
magnetic layers. The interlayer is typically Cr, of about 10 to 40 A. The second
magnetic layer may be covered by the overlayer/overcoat/lubricant leyers described
above.

Materials with the B2 structure are ordered structural derivatives of the
body centered cubic (BCC) structure, which is the structure of Cr. NiAl, for
example, ~ is a Hume-Rothery IB -phase electron compound with a valence
electron/atom ratio of 3/2 which gives a B2 crystal structure, shown in Fig. 2(b).
NiAl has a lattice constant of 0.2887hm, almost 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 layer; grow epitaxially at the B2 interface and reorient the hcp c-
axis away from being normal to the film plane, yielding a stable, improved thin = -
film 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 atoms slows the atomic mobility during the film’s deposition thereby
yielding a smaller grain size film than is present with



| ;yer 9. (9) The recording mediumrecited in clai
conprising an overl ayer di sposed on said magnetic |ayer such tF%JL'A&Q
overl ayer |ies between said magnetic |ayer and said overcoa ‘Date - 11JUN 1096
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.(IOTO)CO peak. Pt is added to Co alloys to improve coercivity, butata 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
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),, peak and the
absence of the (0002) peak, which is mdlcatlve of a good longitudinal structure.
NiAl has not been heretofore used as an underlayer for thm 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 also.
The underlayer of the present invention may be used as the underlayer for other Co
alloy thin films, such as CoCr, SmCo, CoP, CoPt, CoNiCr, CoNiPt,
CoCrTaSi, CoCrPtSi, CoCrPB and CoCrPtTa. |
- Further improvement in the magpetic properties of the Co alloy thin films
on NiAl underlayers can be attained if an intermediate layer of Cr is inserted
between the Co alloy thin film and the NiAl underlayer. Furthermore, the |
" underlying NiAl texture is iransﬁﬁtted 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 -



- 20 -

et o

0. (10) In a magnetic recordi ng medi um havi ng # REPLACEMENT S‘::T
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on the x-ray diffraction patterns, this peak should show up at 29 = 81.86 degree.
Thicker films show this peak as shown in Figs. 12 and 13 for the NiAl and FeAl
underlayei's. The (112) texture represents a good lattice match to the Co(1010)
texture. Furthermore, by comparing Figs. 8 and 10, the dramatic differencé
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 'compélre the carrier to total integrated noise ratio
(CINR) as a function of the linear recording density, measured in kilo flux changes
per inch (KFCI) for two disks.- Procedures for taking total integrated noise data are
well known to those skilled in the art. See, for example, Bélk 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 spuiter 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
CoCrTa/Cr having a coercivity of 1700 Oe. The disk repr_esénted by circles was
CoCrTa/NiAl having a coercivity 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 sample for NiAl films -

when the magnetic layer is deposited with bias. The noise levels were also
somewhat lower. | |

In order to compare fecordings on media with similar coefciviti_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
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7. The 'reéording medium recited in claim 6 further comprising an organic

lubricant disposed on said overcoat such that said overcoat lies between said

lubricant and said magnetic layer.

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

layer and said overcoat.

9. In an apparatus for recording and reading magnetic data compriéing a
rotatable disc, a disc drive and a t_ransduciﬁg head positioned adjacent the disc and

- supported for radial movement relative to the disc, the improvement comprising:
the disc includes a substrate, a Co or Co alloy film forming a magnetic

layer, an underlayer comprised of a material having a B2- ordered crystalline
structure disposed between said substrate and said magnetic layer, and a chromiuin

intermediate layer interposed between said film and said underlayer.

10. The improvement recited in claim 9 wherein said material is selected
from the group consisting of NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf,
CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg and Al,FeMn,.

11. The improvement recited in claim 9 wherein said intermediate layer is

sufficiently tluck to substantially cover said underlayer.

'12. . The improvement recned in c1a1m 9 wherein said intermediate layer is
about 1.0nm to about 5.0nm thick. |
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magnetic | ayer and sai d underl ayer. 13. (13) The ingr N
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di sposed between said substrate and said magnetic | ayer. REFLACEVENT SHEET

The recording nediumrecited in claiml1l wherein said magneti &r I ayei has a
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20. (20) The recording nediumrecited in claim1 further o
I nternmedi ate | ayer interposed between said magnetic | ayer
under| ayer to pronote epitaxial crystalline growh of sai
21. (21) The inprovenent recited in claim10 wherein said

| attice constant ranging fromO0.27nmto 0.33 nm
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24. (24) The apparatus recited in claim23 wherein said int
conprises a chrom um or chrom um vanadi um internedi ate | ayd]
(25) The apparatus recited in claim?22 wherein said nagneti
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28. (28) The nethod of claim 26, wherein said step of deposi|fT
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CLAIMS

1. (1) A mégnetic recording medium comprising:

a substrate;

a Co or Co alloy film forming a magnetic layer; and,

an undérlayer comprised of a_material having a B2- ordered
crystalline structure disposéd between said substrate and said

film.

2. (2) The recording medium recited in claim 1 wherein

said matérial is NiAl.

3. (3) The recording medium recited in claim 1 wherein

said material is FeAl.
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4, (4) The recording medium recited in claim 1 wherein
said material is selected from the group consisting of NiAl,
AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZ2n, AlMn,

AlRe, AgMg and Al,FeMn,.

S. (5) The recording medium recited in claim 4 wherein
said underlayer is comprised of multiple layers of two or more of

said materials with the B2 structure.

6. (6) The recording medium recited in claim 1 further
comprising a chromium intermediate layer interposed between said

film and said underlayer.

7. (7) The recording medium recited in claim 1 further
comprising an overcoat disposed on said film, such that said film

lies between said underlayer: .and -said overcoat.

8. (8) The recording medium recited in claim 7 further
comprising an organic lubricant disposed on said overcoat such
that said overcoat lies between said lubricant and said magnetic

layer.

9. (9) The recording medium recited in claim 8 further
comprising an overlayer disposed on said magnetic layer such that
said overlayer lies between said magnetic layer and said

overcoat.
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10. (10) 1In a magnetic recording medium having a
substrate, an underlayer and a magnetic layer, the improvement
comprising:

said underlayer is comprised of a material having a Bg-
ordered crystalline structure disposed between said substrate and

said magnetic layer.

11. (11) The improvement recited in claim 10 wherein said
material is selected from the group consisting of NiAl, AlCo,
FeAl, FeTi, CoFe, CoTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe,

AgMg and Al,FeMn,.

12. (12) The improvement recited in claim 11 further
comprising a chromium intermediate layer interposed between said

magnetic layer and said underlayer.

13. (13) The improvement recited in claim 12 wherein said

intermediate layer is sufficientiy thick to substantially cover

said underlayer.

14. (14) The improvement recited in claim 12 wherein said

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



s 1w

REPLACEMENT SKEET

L eem

A Lowe 2R Y.
* ¢ L N s = _
- 21 -
15. (15) A magnetic recording medium comprising:

a substrate;

a Co or Co alloy film forming a magnetic
layer; and,

an underlayer comprised of NiAl having a B2- ordered
crystalline structure disposed between said substrate and said

£ilm.

16. (16) A magnetic recording medium comprising:

a substrate;

a Co or Co alloy film forming a magnetié layer; and,

an under;ayer comprised of FeAl having a B2-ordered
crystalline structure disposed between said substrate and said

film.

17. (17) A magnetic récofﬁihg medium comprising:

a substrate;

a Co or Co alloy film forming a magnetic layer; and

an underlayer between about 10 to 200nm thick comprised of a
material having a B2-ordered crystalline structure disposed

between said substrate and said film.
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18. (18) In a magnetic recording medium having a
substrate, an underlayer and a magnetic layer, the improvement
comprising;

said underlayer is comprised of a material having a Bg-
ordered crystalline structure between about 10 to 200nm thick

disposed between said substrate and said magnetic layer.

19, (19) The recording medium recited in claim 1 wherein
said magnetic layer has an epitaxial crystalline structure grown

from said underlayer.

20. (20) The recording medium recited in claim 1 further
comprising an intermediate layer interposed between said magnetic
layer and said underlayer to promote epitaxial crystalline growth

of said magnetic layer.

21. (21) The improvement recited in claim 10 wherein said

underlayer has a lattice constant ranging from 0.27nm to 0.33 nm.
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22. (22) An apparatus for data storage comprising:
a hard disk comprising,
a substrate forming the disk,
a Co or Co alloy film forming a magnetic layer, and,
an underlayer comprised of material having a B2-ordered
crystalline structure disposed between said substrate and said
film; and, |
a magnetic transducer positioned in close proximity to said

disk to record and read data to and from said disk.

23. (23) The apparatus recited in claim 22 wherein said
hard disk further comprises an intermediate layer interposed
between said magnetic layer and said underlayer to promote

epitaxial growth of said magnetic layer.

24. (24) The apparatus recited in claim 23 wherein said
intermediate layer comprises a chromium or chromium vanadium

intermediate layer.

25. (25) The apparatus recited in claim 22 wherein said

magnetic layer has an epitaxial crystalline structure grown from

said underlayer.

26. (26) A method of producing an epitaxial crystalline Co

or Co alloy magnetic layer on a recording substrate, said method

comprising:
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depositing material having a B2 structure on the substrate;
and
growing the Co or Co alloy magnetic layer on the B2

structure.

27. (27) The method of claim 26, wherein said step of
depositing further comprises depositing material having a B2
structure and a lattice structure which promotes epitaxial

crystalline growth of the magnetic layer.

28. (28) The method of claim 26, wherein said step of
depositing further comprises depositing material having a B2
structure and a lattice constant comparable to that of the

magnetic layer.

29. (29) The method of claim 26, further comprising the
step of interposing an intermediate layer between the underlayer

and the magnetic layer to promote epitaxial crystalline growth of

the magnetic layer.

30. (30) The method of claim 29, wherein:
said step of depositing further comprises depositing a NiAl
or FeAl underlayerxr; and,

said step of interposing further comprises interposing a Cr

intermediate layer.



