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- 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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gis hexagonal close packed (HCP) with uniaxial crystalline

ganisotropy and a maghetization easy direction along the c-axis
?is in the plane of the film. The better the in-plane c-axis
?crystallographic texture, the more suitable is tﬁe Co alloy thin
%film for use for longitudiﬁal 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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Eresults in greater noise.:3There is a need to achieve high

l

coercivzties without the increase in noise associated with large

graznsz To achieve a low noise magnetic medium, the Co alloy
gthin 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 crystallographic
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,
bd, Tb, Dy, Ef, 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

-Co which bring the [0002). axis down or close to the film plane
are (002).//(1120),, (110)&//(1011)q, (110)//(1010),,. and
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(112)‘.,//(1010)co Different Co/Cr epitaxial relationships
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 the 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.

The underlayer may be formed in multiple layers wherein each

layer 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
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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, inproved 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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:the Cr under]ayer. 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;
; 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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i Fig. 9 shows the x-rZy diffraction spectra of a
FoCrTa/NiAl film with and without a 2.Snm thick Cr intermediate
élayer kPetween the CoCrTa iayer and the NiAl layer;
j Fig. 10 shows the x-ray diffraction spectra of a
%oCtPt/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;
g Fig. 12 shows the x- ray diffraction spectra of NiAl films
bf 100nm and 500nm thickness on glass substrates;
% Fig. 13 shows the x-ray diffractxon 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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Referring to Fig. 1(a), the preferred embodiment of the

imagnetic recording medium 10 of the present invention is

fcomprised 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 16. 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 one

or more interlayers 30 disposed between the first magnetic layer

16* and a second magnetic layer 16‘’’. The interlayer 30 is
preferably made of Cr and is about 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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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.
%o or Co alloy film, such as CoCr, SmCo, CoP, CoPt, CoNiCr,
?oNiPt. 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,
thernating between a NiAl layer and a FeAl layer. Other phases
* lhaving a B2- ordered structure and lattice consﬁants close to

that of NiAl {(a = 0,2887nm), FeR)l (a = 0.291nm) and Cr (a'=
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p 2884nm) are also considered to be good candidates, for the

ynderlayer of the present invention. The materials are

ilCo {a = 0.286nm), PeTi (a = 0.298), 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.
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.
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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11
To compare the in-plane magnetic properties of the

CoCrPt films were sputter-deposited onto Cr or NiAl underlayers
on glass substrates by techniques well known to those skilled in .
the art. Vibfating sample magnetometry (VSM) was used to
neasure the magnetic properties. 1In all the following
experimental 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 glasa substrate.

Its microstructure, as observed by transmission electron
microscopy (TEM), is compared with a similarly depos;ted 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 reduce 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

ishow that the grains {diameter of bumps) of the NiAl films. Fig.
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4 (a) are much 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
ﬁnderlayer has both larger grains and is considerably rougher
than the NiAl film.
§ As shown in Fig. §, jonm thick CoCrTa films Qere depogited

;nto NiAl and Cr underlayers of various thickness on glass
;ubstrates. The in-plane'poercivities 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
Ereviously, larger grains also cause increased noise. With a Cr
;nderlayer. the increased grain gize causes a much rougher
%urface vhich interfereﬁ with the ability 65 the magnetic head,

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

' ?ue to increased manufacturing costs, the underlayer is not made

PR,
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lany thicker than it has to be to get the desired improvement in

coercivity. At thicknesses about equal to and greater than
100nmr, 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 of 100nm, the NiAl underlayer offers comparable
;oefcivities and smaller grains than the recording media having
? Cr underlayer. _ i
: In addition, the recording wmedium has a better in-plane c¢-
%xis film crystallographic texture when NiAl is used as the

hnderlayer 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

: - f :
much stronger HCP Co (1010) peak adjacent the NiAl (110} peak

ﬁhich 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 i
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

phase with the B2-structure, FeAl, also produces a strong
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5(1030)c° peak. Pt is added to Co alloys to improve coercivity,
gu: 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
glso. 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.

é 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
i
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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
and without a 2.5nm Cr intermediate layer between the CoCrpPt
layer and the NiAl layer. The increase in ccercivity is even
yore 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

o ihat 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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on the x-ray diffraction patterns, this peak should show up at

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
% lower coercivity) and CoCrPt on NiAl with a thin intermediate
?ayer is épparent.

: 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

well 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

without bias. Tests were done to compare the carrier to :otal

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

shown in Fig. 15. The disk represented by the squares hai a

s ———————— e 0 2 45 40 e o
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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. ' i
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 i
;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

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

;
comparable produtts with Cr underlayers.
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1. A magnétic recording medium comprising:

a subsilrate;

a Co or co alloy film forming a wagnetic 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.

L
4. The recording medium recited in claim 1 wherein said
material-ia selected from the group consisting of NiAl, AlCo, _
FeAl, FeTi, CoFe, CoTi, CoMf, Cozr, NiTi, CuBe, GiZn, AlMn, |
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.

f 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.
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. The recording 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.
" 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 & substrate, A Co or Co alloy £ilm

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

substrate and said magnetic 1ayer‘_nnd_n_sgzgminm_{giexmﬂﬂi!lﬂ

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, Cfn, AlMn, AlRe, Aglig and §
Al,Fanz §

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

12. The improvement recited in claim 9 °: wherein said

intermediste layer is about 1.0nm to about S.0nm thick.



