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BACKGROUND OF THE INYENTION 

Field of the Invention 

THIS SHEET HAS BEEN __ I 
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The present invention relates to thin films for 

longitudinal magnetic recording media, and more particularly, to 

B~· structured underlayers for use with a cobalt or cobalt alloy 

based magnetic layer. 

·1nyention Background 

Magnetic discs and disc drives are well known for their 

utility in storing data. They generally use one 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 stori:lge capacity, lower noise and 

lower costs. Recording densities in computers have increased 

:steadily over the last two decades. A typical thin film disk 

ras a multilayer structure including a substrate at the b~se 

!covered by an underlayer, a magnetic layer and may be covered by 
' 
:an overlayer at the top. The overlayer may be coated with an 

overcoat and an organic lubricant. The magnetic layer is the 

main body on which the magnetic bits are recorded. Longitudinal 

recording media comprised of cobalt or cobalt alloy-based 

~agnetic films having a chromium or chromium alloy·based 

~nderlayer deposited on a nonmagnetic substrate have becorr.e the 

~ndustry standard. 

Important magnetic properties, such as coercivity (Hcl, 
.. 

;remanent magnetization. (Mr) and coercive squareness (S•) , •:hi ch 
! 

~re c:nu;:ial to the recording performance of the Co alloy t l. H• 

.kilm f o~ a f ixe~ composition, depend primarily on its 

microstructure. For thin film longitudinal magnetic l:'ecc1 :! ~ r.g 

redia, the desired crystalline structure of the Co and Co alloys 
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!is hexagonal close packed (HCP) with uniaxial 
' 
janisotropy and a magnetization 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 the Co alloy thin 
' 
:film for use for longitudinal recording. This is required to 

., 
' 
' 

! 

achieve a high remanence. For very small grain sizes coeraivity 

increases with increased grain size. Large grains, however, 
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!results in greater noise. 
3 

There is a need to achieve high 
j 

!coercivities without the increase in noise associated with larga 
! 
I , 
~ra1ns-. To achieve_ a low noise magnetic medium, the Co alloy 
' 

!thin film should have·uniforrn small grains with grain boundaries 

which can magnetically isolate neighboring grains. This kind of 

microstructure and crystallographic texture is normally achieved 

,by manipulating the deposition process, by grooving the 

substrate surface, or most often by the proper use of an 

;under layer. 

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 literature include.Cr, Cr with an additional alloy elem~nt X 

·(X • C, Mg, Al, Si, Ti, V, Co, Ni, CU, Zr, .Nb, Ho, La, Ce, Nd, 

Gd, Tb, Dy, Er, Ta, and W), Ti, w, Mo, and NiP. While there 

rwould appear to be a number of underlayer materials available, 

;in practice, only a very few work well enough to meet the 

demands of the industry. Among them, the most often used and· 

the most successful underlayer is pure Cr. For high density 

~recording, 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 tnin film is deposited with its c-axis, the 

·[0002) axis, either parallel to the film plane or with a large 

<:::omponent of the c-axis in t.he film plane. It has been. shown by 

X. Hono, B. Wong, and D.B. Laughlin, •crystallography of Co/Cr 

bilayer magnetic thin films", Journal of Applied 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 

~nderlayers. The heteroepitaxial relationships between Cr and 

.·Co which bring the (0002] eo axis down or close to the film plane 

are (002)cr//(ll20)c0 , U10)o-//(10ll)co, (110)er//(1010)cv, and 

-
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i {112) er// (1010) ~. Different co/Cr epitaxial relationships 

prevail for different deposition processes. The er underlayer 

~ust be.thicker than about 100 A to promote the formation of the 

•HC? structure. U.S. Patent No. 4,652,499 di.scloses efforts to 

improve the underlayer by adding vanadium (VJ to Cr to change 

•its lattice constant and thereby to promote a better lattice 

!matching between the HCP Co alloys, CoPt or CoPtCr, and the BCC 

~crv underlayer. 

The need for lighter, smaller and better perfor111ing 

;computers with· greater storage density demands higher density 

ihard disk media. lt is an object of the present invention to 

meet those demands with a longitudinal magnetic ~ecording media 

:having high coercivity and low noise. It is a·further obje~t of 

the present invention to meet those demands with a novel 

underlayer for the magneti~ layer. 

~UMMARY 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, 

~lCo, FeAl, FeTi. C0Fe1 CoTi, CoHf, Cozr, NiTi, CuBe, CuZn, 

AlMn, AlRe, AgMg, and A12FeMn2 • and is most preferably NiAl. 

:-rhe underlayer may be formed in multiple layers wherein eaeh 

;1ayer is a different one of the foregoing materials. The co or 

lco alloy magnetic layer has a hexagonal close packed structure 

deposited with its magnetic easy axis substantially par~llel to 

lehe plane of the magnetic layer. 
I 
! 

The recording medium may also ·include a chromium 

:intermediate layer interposed between the magnetic layer and the 
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~nderlayer. The intermediate layer is relatively thin, 

~referably between about 25 to 50 A. Thinner layers can provide 

some improvement prov"ided the layer is thick enough to form a 

subscantially continuous layer on the surface of the underlayer. 

The magnetic layer may be covered by ~n overlayer which in 

turn may be covered by an overcoat. An organic lubricant is 

preferably added over the overcoat. 

In an alternative arrangement, there may be a first 

~agnetic layer and a eecond magnetic layer with one or more 

interlayers disposed between the two magnetic layers. The 

The second interlayer is typically Cr, of about 10 to 40 A. 
~agnetic layer may be cpvered by the 

ove~layer/overcoat/lubricant layers described above. 

Materials with the B2 structure are ordered structural 

derivatives of the body ce~tered cubic CBCC) structure, which is 

the st·ructure of er. NiAl, for example, is a Hume-Rothery fJ· 

phase electron compound with a valence electron/atom ratio of 

3/2 which gives a B2 crystal structure, shown in Fig. 2(b). 

~iAl has a lattice constant of 0.2887nm, almost identical to 

;that of Cr, 0.28B4nm. By placing the B2- ordered structure on 

ithe substrate. below the magnetic layer, the Co or Co alloy 

if ilrns~ when deposited, either directly or through an 

\intermediate Cr layer, grow epitaxially at the B2 interface and 

!reorient the hep c-axis away from being normal to the film 

plane, yielding a stable, ir.1proved thin film microstructure with 

~agnetic properties which are particularly well suited to high 

density recording. · NiAl. f~r example, maintains its B2 

.structure stable up to the melting point of 1911X and the 

istrueture does not change over a wide composition range from 

~1.5 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 
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!the Cr underlayer. A small grain size can benefit the recording 

~roperties of the media by increasing the number of grains per 
: 

~nit •rea and hence, lowering the media noise. 

ln addition, NiAl is nonmagnetic with an extreMely low 

magnetic susceptibility, on the order of 2x10·1 to sx10·' emu/g, 

"has good thermal conductivity, high stiffness, and good 

environmental corrosion resistance. 

BRIEF QESCRIPTION OF THE DRAWING~ 

The advantages of the present invention can be better 

understood by reference to the drawings in which: 

· Figs. l(a) and Cb) are schematic illustrations of 

embodiments of a multilayer structure of the thin film disk of 

the present invention; 

Figs. 2(a) and (b) depict tha crystal structures of Cr 

(BCC) ·and NiAl (B2), respectively; 

Figs. 3(a) and (b) show the bright field TEM micrograph& 

of a lOOnm NiAl film (a) and a lOOnm Cr film (b); 

Figs. 4Cal and (b) show atomic force microscope (AFM) 

'Views of a NiAl film (a) and a Cr.film (b}1 

Fig. S is a plot of coercivity vs. underlayer thickness of 

a ~Onm thick CoCrTa film sputter deposited ~ithout substrate 

bias on either N{Al or Cr underlayers; 

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

and CoCrTa/NiAl films on gl11ss substrates, where the CoCr1'a 

·layers are 40nm thick and the Cr and NiAl underlayers are ioonm 

~thick; 

Fig. 7 plots the coercivity of a 40nm thick· CoCrPt f 1lm as 

a function of underlayer thickness for NiAl and Cr underldy~rs; 

Fig. 8 shows the x-ray diffraction apectra of CoCrPt/Cc 

.'~nd CoCrPt/NiAl films on glass substrates, where the CoCrPt 

:layers are 40nm thick and all the underlayers are lOOnm thick; 



! 7 
/ Fig. 9 shows the x-ray diffraction spectra of a 

~oCrTa/NiAl film with and without a 2.Snm thick Cr intermediate 

~layer between the CoCrTa layer and the NiAl layer; 

Fig. 10 shows the x-ray diffraction spectra of a 

CoCrPt/NiAl film with and without a 2.Snm thick Cr intermediate 

1layer between the CoCrPt layer and the NiAl layer; 

Fig. 11 shows the x-ray diffraction spectrum of a 40nm 

!thick CoCrPt film on a 1oonm thick FeAl underlayer on glass 

lsubetrate; 
i 
1 Fig. 12 shows the x-ray diffraction spectra of NiAl filma ! 
~f lOOnm and soonm thickness on glass substrates; 

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

~f lOOnm and 740nm thickness on glass substrates; 

Fig. 14 plots carrier to total integrated noise ratio 

.CCINR) 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 

.(CI~'R) as a function of linear density for two disks, CoCrTa/Cr 

~nd CoCrTa/NiAl, wit~ unbiased sputtered magnetic and 

junderlayers; 

Fig. l' plots the total medium integrated noise power 

:(MNP} as a funct1on of linear density for the two disks of Fig. 

114; and, 

Fig. 17 plots the total medium integrated noise power 

!n·mP) as a function of lin~ar density for the two disks of Fig. 
i 

15. 
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DETAILED DESCRIPTION OP THE PREFER.RED EMDODIMENT 

Referring to Fig. l(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 

~undarlayer 14 and the magnetic layer 16. An organic lubricant 

,24 is preferably applied to the overcoat 20. The recording 

:media 10 of the present invention is an improvement in the . 
irecording·media which form the rotatable discs used in any of 
j 
!the well known disc drive assemblies. 
I ln an alternative arrangement, shown in Fig.·l{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 or Cr and is about 1nm·4nm (10 to 4o A> thick. 

=The second magnetic layer 16'' is covered by an overlayer 18, 

the overcoat 20, and the organic lubricant 24 shown in Fig. 

~l(a). A seed layer 28 about l.Snm (15 A> thick may be disposed 

ibetween the substrate 12 and the underlayer 14 to nucleate 

!growth. 
I 

I 
I 
I 
i 

I 
I 
I 

I 
I 
I 
I ,. 
I 
i 
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In the preferred embodiment, the substrate 12 is formed of 
( 

glass. ·silicon or an.aluminum alloy coated ~ith NiP. 

Alternative hard disk substrates such as canasite, or sic may be 
' l 
~sed. 

i 
The magnetic layer• 1,, 16' and 16'', are deposited with 

the longitudinal magnetic easy axis thereof substantially 

parallel to the plane of such magnetic layer, are preferably a 

~o or co alloy film, such.as Cocr, SmCo, CoP, CoPt, CoNiCr, 
l I 

~oNiPt, CoCrTaSi", CoCrPtSi,. CoCrPtD, CoCrPtTa, oi- other known Co. 

~lloy magnetic films and are each about 10 - 60nm (100 • 600 A> 
:thick. 

The B2 ordered crystalline structure of the underlayer 14 

~s shown in Fig.· 2CbJ. The underlayer 14 is most preferably 

~iAl. It is about 10 • 200nm (100 - 2000 A> thick. 
! 
i 

~lternatively, the underlayer may be FeAl, or multiple layers, 

~lternating between a NiAl layer and a FeAl layer. Other phases 

~aving a B2· ordered structure and lattice constants close to 
! 
~hat of NiAl (a• 0.2887nm), FeAl (a• 0.291nm) and Cr (a~ 

i 
I 
I 
I 
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/o. 2884nmJ are also considered to be good candidates, for the 
1 

~nderlayer of the present invention. The materials are 

!A1co 1a • o.2s6nml, FeTi (a = 0.298), Co Fe (a• 0.28Snm), 

icoTi (a .:: 0.299nmJ, CoHf Ca .. 0.316nm), Co Zr ca·· 0.319nm), 

fiTi (a • 0.30lnm), CU Be Ca • 0.270nm), CU Zn Ca • 0.295nrnJ, 

).lMn (a = 0.297nm), Al Re (a • 0.288nm), Ag Mg (a a O.J28nm), and 

Al 2FeMnl {a • o. 296nm) • lt is anticipated that an underlayer 

eomprised of two or more layers of different materials within 

the foregoing li~t may be used. For example, it is believed 

~hat a multiple layer having a first layer of NiAl and a second 

1ayer of FeAl, Alco, FeTi, CoFe, CoTi, CoHf, cozr, NiTi, CuBe, 

CuZn, AlMn, AlRe, AgMg or Al2FeMn2 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 

bf the present invention. 
; ( 

·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 - lOnm (10·100 

~l thick and may be made of w. Ta, Zr, Ti1 Y, Pt, Cr or any 

fombination thereof. 

An overcoat 20 may be provided external to the overlayer 

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

~ayer 16 or 16''"and the ov~rcoat 20, as shown in Figs. l(a) and 
i 

!<b>. The overcoat provides a mechanical wear layer and is 2.5 -

~Onm (25-300 A> thick. It is preferably made of a ceramic 

~terial or diamond like carbon, such as Si02 , SiC, CN or Zr02. 

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

~ubricant is l - 30nm (10-300 A> thick and is preferably a 

fluoro-chlorocarbon or· a perfluoroether. Examples include 

. kc1,FCClF21 CF, (CF2) 4CF11 CF1 (CF2) ,CF:u CF:a (CF,) loCF1, and 
I 

·' fF1 (CF2 ) uCf 1. 

I 
I 

I 
I 
! 
I 

. , 
i 
I 
I 
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To compare the in-plane magnetic properties of the 

' 
~agnetic 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 

~easure the magnetic properties. In all the following 

experimental e~amples described herein RF diode sputtering was 

~sed for film deposition onto smooth glass substrates which were 

bot mechanically textured. 

A lOOnm NiAl film was deposited onto a glass substrate. 

lits microstructure, as observed by tranamiaaion electron 

:microscopy CTEM), is compared with a similarly deposited Cr film 

~nd shown in Figs. 3a and 3b. The NiAl film, Fig. 3a shows· a 

grain size of about lSnm which is noticeably smaller (about sot) 

.than the grain size of the similarly sputter deposited Cr film, 

:Fig. 3.b. The grain size of the underlayer· strongly influences 

!the grain size of the Co based magnetic layer. It is believed 

;that the strong atomic bonding within the two atom structure of 

iNiAl inhibits the mobility of th~ Ni and Al atoms and so limits 
l 
[the growth of the grains. The small, well faceted grains of 

~iAl promote the formation of smaller, more well defined grains 

!in the magnetic layer. Smaller grains reduce noise in the 

/recording media.· 
! 

A roughness analysis was done also using an atomic f urce 

/microscope (AFM) • The AFM uses an extremely small shai·p tip to 
i . 
~can the sample surface and measures the atomic attraction 

ibetween the sharp tip and the surface of the sample. The AFM 
! 
i 
jean thereby determine on a very small scale the topology o! the 

!sample surface. The white and dark areas of Figs. 4(a) a~d (b) . 
-jrepresent heigbt differences of the NiAl and Cr underlayer 

·' ltilms, respectively, of 100nm thickness. The images cledr~y 
I 
jshow that the grains (diameter of bumps) of the NiAl filrr.s. F'ig. 
i 

I 
I 
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~(a} are much smaller and more uniform than are the Cr grains, 

rig. '(bl. Small and uniform grains implies lower noise if 

~ver~thing else about the media is equal. The roughness is a 
! 

~easure of the vertical height ~ariations as one scans over the 

~ampl~ 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) 

pan be misleading if there is a bad spot on the sample, it is a 
i 
pood indication of the extremes (lack of uniformity) of the 
i 
~oughness if the sample is good. The roughness difference 

between the NiAl and the Cr is another indication of the larger 

~ariation in the er grain size. The image statistics for the 

NiAl film show an RMS roughness.of 0.372nm, a· mean roughness 

•(Ral of 0.296nm and a maximum height (Rmax) of 2.798nm. The Cr 

film shows RMS roughness of o.722nm, a mean roughness (Ra) of 
t 

O.S8lnm and a maximum height (Rmax) of 4.91.Cnm. Clearly,· the Cr 

~nderlayer has both large~ grains and is considerably ~ougher 

than the NiAl film. 
i 
! 

j 
As shown in Fig. 5, lonm thick CoCrTa films were deposited 

pnto NiAl and Cr underlayers of various thickness on glass 
; 
~ubstrates. The in-plane·coercivities of the magnetic films 

~ere plotted as a function of the underlayer thickness. When 

~he underlayer is greater than lOOnm thick, the coCrTa/NiAl . . 

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

bomparable thicknesses. In both -cases, the coercivity increases 

~nd then reaches a plateau as the underlayer thickens. The 

~teady increase is indicative of larger grains. As indicated 

previously, larger grains also cause increased noise. With a Cr 
i 

µnderlayer, the increased grain size causes a much rougher 
j 
~urface which interferes with the ability of the magnetic head. 
I 

... pr transducer, to get close to and read the disk. In Pl:"actice, 
! 
~ue to increased manufacturing costs, the underlayer is not made 
i 
I 

! 
I 

i , 
i 
I 

I 
I 

I 
I 
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13 rny thicker than it has to be to get the desired improvement in 

~oercivity. At thicknesses about equal to and greater than 
! 
!lOOnnr, the recording medium having the NiAl underlayer offers 

~reater coercivity at thicknesses equal to or eYen slightly less 
i 
~than those of a recording medium having a Cr underlayer. At a 

!thickness of lOOnm, the NiAl underlayer offers comparable 

~oercivities and smaller grains than the recording media having 

~ Cr underlayer. 

In addition, the recording medium has a better in-plane e­

~xis film crystallographic texture when NiAl is used as the 
' 
~nderlayer than it does ~hen Cr is the underlayer. The NiAl 

!film has its {110} and {112} planes preferentially oriented 

parallel to the film plane. Thia is supported by X-ray 

~iffraetion studies which show that the CoCrTa ·film on the NiAl 

underlayer has a larger (l~lO)a. peak than the CoCrTa film on a 
r 

Cr underlayer. Fig. 6 provides a comparison of x·ray 

~if fraction spectra of the CoCrTa/NiAl and CoCrTa/Cr films with 

their He values marked on each curve. The NiAl spectrum has a 
- f 

much stronger HCP Co (1010f peak adjacent the NiAl (110)° peak 

~hich is believed to reflect a (112) NiAl texture which is weak 

br not present at all in the er underlayer. 

Similar studies were performed for CoCrPt films. The in· 

piane coercivity of a 40nm CoCrPt film 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/NiAl film has 

~ 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 underlayer has a stronger 

!<1o'ioJ co peak than doeli the same film on er underlayer, which 
! 

~gain is an indication of a better in-plane c·axis film 
~ 
~rystallographic texture. Fig. 11 demonstrates th~t another 
' i 
~base ~ith the B2-structure. FeAl, also produces a strong 
I 
! 
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; -
!<101o>CQ peak. Pt is added to Co alloys to improve coercivity, 
; 

Fut at a lS - 20t Pt content, the magnetic layer does not 
: 

~attii::e match well with the Cr underlayer. The addition of the 

larger 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 

tr underlayer. Fig. 8 also shows a (0002Jeo peak, which 

reflects a poor epita~ial growth to the Cr underlayer. This 

phenomenon does not appear to take place when the NiAl is used 

~s the underlayer. The NiAl and FeAl spectra reveal a strong 

!{1010) c~ peak and the absence of the (0002) peak, which ·is 

~ndicative of a good longitudinal structure .. 

NiAl has not been heretofore used as an underlayer for 
. 

~hin film longitudinal magnetic recording media. The sputter 

deposited NiAl films have small grain size and enhance the Co 

alloy films'{lOlO} 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 

~ilicon substrates are used. Similar results on alternative 
! 
hard disk substrates such as canasite, or SiC should be obtained I 
~lso. The underlayer of the present invention may be used as 
i I 
~he underlayer for other Co alloy thin films, such as cocr, 

fmCo, CoP, CoPt, CoNiCr, CoNiPt, CoCrTaSi, CoCrPtSi, CoCrPtB, 

knd CoCrPtTa. 

Further improvement in the magnetic properties of the Co 

~lloy thin films on NiAl underlayers can be attained if an 

~ntermediate ·layer of Cr is inserted between the Co alloy thin 

~ilm and the NiAl underlayer. Furthermore, the underlying _NiAl 
; 

~exture-is transmitted to the intermediate Cr layer. Fig. 9 
i 

~hows the x-ray spectra of a CoCrTa/NiAl film with and without a 
i 
2.snm Cr intermediate layer between the CoCrTa layer and the 
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~iAl layers. From Fig. 9 it is apparent that when a very thin 

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

:texture of the co (1010) is maintained and the coercivity is 

=improved. It 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 

.l.Onm does not form a continuous layer. A substantially 

continuous layer is apparently needed to give consistent 

p;esults. At l. onm to 5 .·onm thickness and above, however, the 

iimproved coercivity is marked and consistent. Thicknesses above 

;s.onm continue to provide good coercivity, but produce no 
' 
significant improvement. surprisingly, the combination of a 
' CoCrPt magnetic layer, a NiAl underlayer and a very thin (about 

2.snm) er intermediate layer disposed between the magnetie layer 

and the underlayer increases the coercivity even more 

significantly, by 450 Oe. If the cobalt alloy magnetic layer 

has only the 2.Snm thick Cr layer without the NiAl underlayer, 
; 

~he Co layer tends to remain either faee centered cubic (FCC) or 

~rients (0002) perpendicular to the plane of the film. 
J ! Fig. 10 shows the x-ray spectra of a CoCrPt/NiAl film with 

knd without a 2.Snm Cr intermediate layer between the CoCrPt 
1 

~ayer and the Ni~l layer. The increase in eoercivity is even 

~ore dramatic than the increase shown in Fig. 9 using a CoCrTa 
' 
~agnetic layer. The lattice constant of the cobalt HCP 
I 

! 

~tructure is significantly increased when the larger Pt atom is 

~ubstituted for Co. Hence·a poorer lattice match bet~een the 

CoCrPt and the underlayer results. This is obvious in Fig. 8 

~here CoCrPt on Cr showed no Co (1010) peak at all. This peak 
! 

does occur for the NiAl underlayer, however. It is believed 

·' ~hat the difference can be attributed to the ability of NiAl to 

lorm 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 

28 ~ 81.86 degree. Thicker films show this peak as sho~n in 

Figs.-12 and 13 for the NiAl and FeAl underlayers. The (112) 
i 
~exture represents a good lattice match to the Co(lOlO) texture. 

Furthermore. by comparing Figs. 8 and 10, the dramatic 

difference between CoCrPt on a Cr underlayer (no (lOlO) peak and 

~ lower coercivity) and CoCrPt on NiAl with a thin intermediate 

~ayer is apparent. 
! 
' ! Tests were done to compare the carrier to total integrated I 

~oise ratio (CINR) as a function of the linear recording 
l 

~ensity~ 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, .Belk 
; 

et al., ''Measurement of intrinsic signal-to· noise ratio for 

high-performance rigid rec?rding media," Journal of Applied 

·Physics, Vol. 59, No. 2, p. 557 (15 January 1986). The results 

~re plotted in Fig. 14. The underlayers were sputter deposited 

on a glass substrate without.bias and the magnetic layer was 

~putter deposited with bias, i.e. with an applied voltage to the 

!surface. The disk represented by squares was CoCrTa/C1· having a 

~oercivity of 1700 oe. The disk represented by circles was 

~oCrTa/NiAl having a coercivity of 1400 Oe~ The·disks having 

NiAl as the uride'rlayer were determined t.o behave comparably to 
' 

~he disks having Cr as the underlayer, but the coercivities were 

~omewhat lower in this sample for NiAl films when the magnetic 

;layer is deposited with bias. The noise. levels were also 
' 
lsornewhat lower. 
! In orde~ to compare recordings on media with similar 

~oercivities but different underlayers, disks were sputte1e~ 

without bias. Tests ~ere done to compare the carrier to ~j~al 

integrated noise (ClNR) betw~en the two disks. The results are 

shown in Fig. 15. The disk repr.esented by the squares had a 
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~oCrTa magnetic layer on a Cr underlayer and a coercivity of 
! 
=1000 Oe. The disk represented by circles had a CoCrTa magnetic 
i 

~layer -and a NiAl underlayer and a coercivity of 1150 Oe. 

~gain, the behavior of the two disks was comparable with the 

NiAl disk showing lower noise somewhat. 

Fig. 16 plots the medium integrated noise power (MNP) as a 

function of linear density. The MNP represents the total 

integrated noise power divided by the voltage pulse one would 

obtain if the signal were recorded at low frequencies (i.e., the 

'isolated pulse height). Fig. 16 shows the results for the disks 

;of Fig. 1". Fig. 17 plots the MNP as a fu"nction of linear 

density for the disks of Fig. 15. The results for the disks in 

Figs. 16 and 17 are compara-ble, with lower noise for the disk 

having the NiAl underlayer, particularly·when the magnetic layer 
: 
are not deposited with bias. The results demonstrate that t·he 

disposition of the NiAl underlayer between the substrate and the 

~agnetic layer is at least as valuable, if not more so, to the 

enhanced behavior of the recording media than the similar 

~isposition of a Cr underlayer. It is anticipated that thin 

· "film longitudinal magnetic recording media having NiAl 

~nderlayers, or other 82 ordered structures as underlayers, 
' i 
~ill, with minor optimi~ation, perform even better than the 

i 
~omparable products with er underlayers. 

I 
I 
! 

i 



· I 1111111111111 11111 11111 II 1111 
* C L M S * 

·. _ 1!;LAIMS 

1. A magnetic recording medium comprising~ 

a subst.rate; 

a co or co alloy film forming a magnetic layer1 tand,J 

an underlayer comprised of a material having a 82· ordered 

crystalline struct~re diaposed between said substrate and said 

film; and. 

1 chromium intermtdiate lavAr interpoaed between said film 

and said undtrlayer. 

2. The recording medium recited in claim l wherein ~aid 

~aterial is NiAl. 

3. The recording ;,nedium recited in claim l wherein said 

material is FeAl. 

~ 
"· The recording medium recited in claim l wherein said 

material ia selected from the group eon•isting of NiAl, Alco, 

FeAl, FeTi, CoFe, CoTi, CoH(, CoZr, NiTi, CUBe, CU"'tn, AlMn, 

AlRe, AgMg and Al 2FeMn2 • 
•.·. 

·--·· •. 

·5. The recording medium recited in claim 4 wherein said 

~nderlayer ia comprised of multiple layers of two or more of 
....... 

said materials with the 82 structure. 

6. The recording medium recited in claim 1 further comprising 

. =an overcoat disposed on ••id film, auc:h that eaid film lies 
! 

~etween •aid underlayer and •aid overcoat • 
. ! . 

• I 
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l. The recording medium recited in claim ' further comprising 

~n organic lubricant dispoaed on •aid overcoat euch that said 

overcoat lies between said lubricant and said magnetic layer. 

t. The recording medium recited in claim ?further comprising 

ar. overlayer disposed on said magnetic layer such that said 

overlayer liea between •aid magnetic l&yer and said overcoat. 

· t In an apparatus fpr recorslinq and rt1ding magnetic data 

comprising a rotatable disc. a diac driye and a :1an1ducinq he~d 

positioned adjacent tbe disc anO IUPJ)Ol'ttd for radial movement­

ttlative to the dipe, the improvement comprising: 

h di ·neludas a substrate. a co QI' co alloy film ' e SC l -----~--- _ 

(arming a magnetic layer. an underlayer comprised of a material 

having a 82- ordered czyatalline structure disposed between aaid 

substrate and said magnetic layer, and a chromium intermediate 

layer interposed tx::tween said tf1m and 11id underl~er. 

10. The improvement recited in claim ~fwherein said material 
: ' 

1s selected from the group coneiating of NiAl, AlCo, FeAl, FeTi, 

CoFe, CoTi, CoHf, cozr, N1Ti, CUB•. ~. AlMn, AlRe, AgMg and 

''· 

12. 

The improvement recited in claim . 4l .. ' wherein •aid 

intermediate layer ia sufficiently thick to eubstantially cover 

said underlayer. 

'rhe improvement. recited in claim 
, wherein said 

intermediate layer is about l.Onm to about S.Onm thick. 


