08 JUL 2004 MULTI - LAYER TEXTURE LAYER BACKGROUND OF THE | NVENTI ON 5 .The
present invention relates to techni ques for manufacturing nmagnetic U6 Jk 2004
enpl oyed in data storage applications, to disks formed as described herein,
and disk drives incor "tx’ﬁ_g gé@l‘ﬂﬁ%'@é?ﬂ@r“ cularly, the present
invention relates to w 3 ring techni ques therefor
whi ch inprove corrosion resistance and magnetic performance. 10 The use of
a substrate such as glass, or alum numcovered with plated nickel
phosphorous (NI P), as Mﬁﬁiﬂul ﬁﬁﬁ‘i%ﬁl c disks for data storage
is well known. For pu SHoH; shows an exenpl ary
alum num all oy substrate 102. Above substrate 102, there is disposed a

| ayer of nickel phosphorous 104, typically formed by a deposition process
such as electroless plating. Typically, the NP 15 layer is plated to a

thi ckness of ThepRis@lt A <atiOn Selattbtctetimigindssminfioning mdgisicaligs a
substanti al anmount is subsequently polished off to create a snooth surface.

The polishjng,is,relatively,.ext j . S} urface of
{he N PeRERF ieiBagrRet AP IFREoRR b SR RERNT & derpar Rapaphdatier v L on
surface of the alum num substrate. A high thickness of Ni[P is also

r equi r edrives ipcarpbmtng sty disksui¥lergepasinwiaalye tre e seMa B VETHORHERESA?  al umi num 20
substrate, to reduce the damage caused by sudden head inpact ("dinging")

during OBRAL AR & dhdifufsnsrkngetMBqueb therefor which improve corrosion

resistance and magnetic performance.

10 The use.of a substrate such as glass, or aluminum covered with plated nickel
phosphorous (NiP), as a base to manufacture magnetic disks for data storage is well
known. For purposes of discussion, Figure 1 shows an exemplary aluminum allo’y
substrate 102. Above substrate 102, there is disposed a layer of nickel phosphorous 104,
typically formed by 2 deposition process such as eleotroless plating. Typically, the NiP

15  layer is plated 1o a thickness of several microns. This thickness is required because a
substantial amount is subsequently polished off to create a smooth surface. The polishing
is relatively extensive because the as-depdsited surface of the NiP layer is rough, which
in turn is due to the relatively rough surface of the aluminum substrate. A high thickness
of NiP is also reqoired to provide a hard surface compared to that of the soft aluminum

20  substrate, to reduce the damage caused by sudden head impact (“dinging”) during

operation of the disk drive.



08 JUL 2004 There are typically additional |ayers disposed above N P | ayer
104, such as an underlayer typically conprising chromium (Cr) (as(dsgfl 2004
herein, Cr or a layer of O shall be understood to include C alloys), an
overl ayer of magnetic material (such as a cobalt alloy or iron alloy)

di sposed above the C underlayer, and a protective overcoat. 5 By way of

background, the NiP layer is typically textured tq provi a_pr enti al
degree of ori efhereiapmtypicalingdrditipral Wﬁ&ﬂlyqsﬁfweg\bg#ﬁ?r ﬁg“ﬁﬁé}lgiﬂc’: | ayer .
Generally, the NiP layer is textured by form ng texture ?rooves in_the
downt r ackygierReés @ﬁcalgﬁcdrﬂ@isiﬁgasmmm 0D @yeubet demim Crion e laysnat ¢ shall

n

direction shall be understood to be generally orthogonal or near

orthogonal to,the radial .dir ' ' ggag 1AINSande alddbalt
concentri b?“ﬁq%ggﬂiﬁjclﬂaug? té?ﬁ @*S??e%gqrrr‘{gﬁg%éggﬁs I parlf.rfﬁg?ng. The texture
grooves cause a preferential alignnent of magnetic ment ong the

downt r ackaldoy exiréroalayn dispesedbaye gxegquggeqfl%g%_n Aé)r?tggwglqué{gﬁgt\m to those
skilled in the art, this preferential alignnent of magnetic nonents all ows
for increased coercivity and hysteresis squareness in the 15 downtrack

di rectd on whi ciBywest Bat:k?@aﬁd,bhem}mam iis atpisallyttorturedite proyidepprafesentiyd gh
density in the magnetic |ayer as conpared with an isotropic |ayer. The

hi gh squarenesscis. .i.nno ft]?irétg Bts'ih theSSweklving Maghetit Glver. Gepmnally,c
r emanencedfwf}' Ofﬁn%d%oc\{m gﬁgﬁgp}%ecstl%lon. Aslg’i sgl kn%lwn, t he signal
strength is proportional to times the thicknes 1) of .. el C
| ayer, or therNiP laper is tepcured by DEHICEIHETRVES ‘&qﬁ? g%&i\%afﬁfd (1)rtre i r{(;,ra'ssi'f:]gnal it
20 is also inperative to reduce the effective space | oss between fhe
read/ whi t gergl i¢ @iployzdderein, the downtrack direction shall be understood to be generally
orthogonal or near orthogonal to the radial direction of the disk and may include
10  concentric, crosshatch, or at times non-parallel patterns. The texture grooves cause a

preferential alignment of magnetic moments along the downtrack direction in the cobalt

alloy layer.

As is well known to those skiiled in the art, this preferential alignment of

magnetic moments allows for increased coercivity and hysteresis squareness in the

15  downtrack direction which makes it possible to reliably store bits of data at high density
in the magnetic layer as compared with an isotropic layer. The high squareness is
important because it results in a higher magnetic remanence (Mr) in the downtrack
direction. As is known, the signal strength is proportional to Mr times the thickness (T)
of the magnetic layer, or MrT. Whileitis desirable to have a high MrT for the signal, it

20  is also imperative to reduce the effective space loss between the read/white element and
the magnetic layer to 1 microinch (p”) or lower. The effective space loss is the distance

between approximately the center of the magnetic layer and the read and write element.



the magnetic layer to 1 "mcroinch (i") or lower. The effective space | oss
Is the distance between approximately the center of the nmagnetic Eﬁyerﬁ'ﬂd
the read and wite element. 2 08 JUL 2004 Thus, there has been a c t4U g
trend towards reduced magnetic |ayer thickness, T. Wth the higher M
provi ded by preferential orientation therefore, a |ower thickness magnetic
| ayer can be enployed while still mintaining sufficient MT. In addition

to, [eduChfids Wil hil GNGSBn b GePARGHCrch A magbicTay BPbRMEss( . 1 educe

t he space I'nc e reducl e thickness of  the protective overcoat

| ayer, and reducing the head- nedia spaci.nq during.read, and w,it

oper at | onithrhe v ener R ROV e PERIRTEIA SEekaion (rerfued o tkaeSs | e p
| ayer is typically textured using a nechanical abrasion process. In one
case, thenmgaétiniager canlbe @gipioyed pvinlestl messteiningufficigntrMdbs In additigndo| ayer
al ong the downtrack direction using a tape 10 having thereon abrasive
particl eSredSJQifng&hyﬁﬁa&Ey ofithe BAgndiR 4y ek IR rhdtRéds!th fediRe andpaed losabr asi on
process tends to gouge the N "ayer form ng sone grooves that are
excessively. deep. .Additjonall hi gh ridges ar.e forned al en ouged
groove® Flnuglide TEB‘F%H% eé]P’SE‘? S gg‘r“ﬁ@%ﬁ‘@r@g’é{g"&a‘?% aqls%crg\ cg @%1%{?1 gﬁcgur ed Nl P
layer. It wll be appreciated that the horizontal and vertical scales of
Fi gure 2 sarediaspacinpdusiageeadand wroeeperaaiser . As can be seen, sone grooves,
such as groove 202, are excessively deep and narrow, while others are of
approximately the desired depth for inducing the preferred nagnetic

ﬁ.“ ﬁnt ation. | Readfinit0the @kQRIprIERH, ifi HRONEBreA0Z, ithe Niklgge2Bypivdllych i s
I gher

U

textured using a mechanical abrasion process. In one case, the mechanical abrasion
process essentially abrades the NiP layer along the downtrack direction using a tape

10  having thereon abrasive particles. Unfortunately, it has beer found that the mechanical
abrasion process tends to gouge the NiP layer forming some grooves that are excessively

deep. Additionally, high ridges are formed along the gouged groove.

Figure 2 is an atomic force microscope (AFM) scan of a textured NiP layer. It
will be appreciated that the horizontal and vertical scales of Figure 2 are not the same as
15 one another. As can be seen, some grooves, such as groove 202, are excessively deep and
narrow, while others are of approximately the desired depth for inducing the preferred
magnetic orientation. In addition, along deep groove 202 is ridge 203, which is higher
than desired. Although the non-uniformity among grooves can be minimized by using
abrasive sluries having a more uniform distribution of particies and by controiling the
20  abrasion process more precisely, the very mechanical nature of the mechanical abrasion

process renders it impossible to eliminate the nonunifomity completely.



than desired. Al though the non-uniformty anong grooves can be m nimzed by
usi ng abrasive sluries having a nore uniformdistribution of particﬂﬁqugqqu
by controlling the 20 abrasion process nore precisely, the very nechani cal
nature of the mechani cal abrasion process renders it inpossible to
elimnate the nonunifomty conpletely. 3 08 J UL 2004 Figure 3A
illustrates a problemthat occurs with deep gouges. It will be appreciated

that the draw . PEEE 35{‘85 Rsuk Rath & ied. Ry 3A are not
necessarily ;ngég%?;e‘.lﬁ n %.rsg‘ re lgﬁmpayer 306 rgg\rég%gents t he overcoat
layer. It wll be appreciated that there arge other.layers,,ngt shown in
Fi gure 3&9;)%@!@#%#&4@‘9’%59%6!6 %"@Féﬁu‘ﬁ’a’fé‘ﬁil sh%‘gn iuhﬁ oA (f'rno?axarrpl e,
one or nore underlayers, one or nore magnetic |ayers, one or nore overcoat

| ayers, agssarity o scaler én Ritgire BAnklyet 306cepresenss therayerpeat laygpolivilldepy e. g.
sputter deposition. The overcoat |ayer 306 typically conprises a

carbon- conaURetuh BUEE ace/Stndr ks 30oAnIRTRRL 98, uideslysigrlaferdnd. prof il e

o0Vve makes it frcult for layer 306 to adequately cover the
Ni P surface. As a result, . 10 voids or gaps ip.layer 306 esent
near 1 heSy¢hlayemsynayringlade, for Sramplaene oﬁ'ﬂ\é’pe %@?%%ﬁ&ggf %rs%ml y%c 306 may
or may not have voids in deep grooves, depending on their thickness and

ot her ~ f abiyerssoneor moreanatdoavlayérssngame or moee additrnablayersihat A %us | ayers
under layer 306, and/ or the NiP |l ayer and/or the substrate are now exposed

to nois : ' SiTHe- eabDeWpia@Yecotrprisesrd i cul arly
B%&Fgﬁ‘?&%@bg@gg?%, {tionS I'THe -ovéRBatGay Ypicali§cohrp

suscepti and is the primary cause of concern-

Additi O”i‘gr'b%'ﬁ.cﬁ,ﬂ&n?ﬁghﬁ;er'. %selra?ér fd%dls %Qﬁ)sited, the depth and profile of deep groove

302 makes it difficult for layer 306 to adequately cover the NiP surface. As a resuit,

10 voids or gaps in layer 306 may be present near the vicinity of deep groove 302. The
layers underlying layer 306 may or may not have voids in deep grooves, depending on
their thickness and other factors. As a result of the gaps, one or more of the various
layers under layer 306, and/ or the NiP layer and/or the substrate are now exposed to
moisture, which causes corrosion. The Co alloy layer is particularly susceptible to

15 corrosion, and is the primary cause of concem. Additionally, the other layers, and the
substrate material are also susceptible to corrosion to varying degrees. In any event,
corrosion will lead to the generation of particles that are picked up by the head resulting

in degraded drive performance

In contrast to groove 302 of Figure 3A, groove 304 is of about the desired profile,
20  and layer 306 can cover the entire surface in the region of groove 304. Because layer 306
is a good moisture barrier, corrosion is prevented because moisture can not penetrate to

the layers undemneath layer 306. The formation of gaps in layer 306 becomes more likely



substrate material are also susceptible to corrosion to varying degrees. In
any event, corrosion wll lead to the generation of particles that WﬁgULZNH
pi cked up by the head resulting in degraded drive performance |In contrast
to groove 302 of Figure 3A, groove 304 is of about the desired profile, 20
and | ayer 306 can cover the entire surface in the region of groove 304.
Because | ayer 306 is a good noisture barrier, corrosion is prevented

because ppj glddk&l, 50 thdt i proyiensdepivter indtigire Bayem 1806. The
for mtio%?%ggé&?ﬁf%’emoa becones nor eﬂrl ikely 4 0 8 J UL 2004 as the

t hi ckness of |ayer 306 is.reduced, so that the problemdepicted in Figure
3A can béxR?ﬁEQéf’(SHt‘fVBrsﬁé‘iﬁ\MF%oqduﬁtsf uture products. As nentioned above, a
further problemthat nmay occur during texturing is the formation of
ridges, such as ridge 305 in Figure 3A along the gou,ged rooves, Wiile the
5 deposition @amcm@aedﬁbaﬂteaﬁaaiebﬂwbllmé}rﬂémv&@‘mdg‘ﬁ ﬁé‘f"g‘frénﬁlé neral |y
good, there may be a failure to cover extrenely sharp points, particularly

by the t BlhaRpREfdbée soisamE 305 3 lgure DA daig tiegongyl grgoveay Hhilethe
exposed and therefolfe susceptible to corrosion. An additional concern

ari ses wijth respect to ridges suffici v i gl b S8 dMHeRe may be
magnet or EERASIHQRLOYELAEE ,of&eg/ﬁpo%laxg?g?g@#élg p{)/% %gﬁg&éﬂ]r?}dgtﬁ) hé 11 ke, Y pecause
such 10 col lisions cause a tenperature rise Qf the nagnetoresist itve
el enent , alilurh tgeoer sxesmely sharp peinss, gagiculariyiby the thip PEOSRUYA QXFTSHT S
referred to as thermal asperity. Because of this, as one of the |ater
stages of, RNyl RGLmMEENyiRE I8ersirt expited andterfire susceptitde td etosipnbubmi sh
additional concern arises with respect to ridges sufficiently high to collide with
magnetoresistive heads, giant magnetoresistive heads and the like, because such
10  collisions cause a temperature rise of the magnetoresistive element, which generates a
false signal. This failure mechanism is referred to as thermal asperity. Because of this,
as one of the later stages of manufacture, after all layers have been deposited, a burnish
step is performed which effectively knocks off any high points. When the asperity is
knocked off during burnish, a portion of layer 306 is knocked off as well. This problem
15  is also particularly severe with overcoat layers having a low thickness. In any event,

because of this one or more layers, such as the Co alloy layer, will be exposed, leading to

corrosion at that site.

To determine corrosion susceptibility, a disk is subjected to either a high
temperature, high humidity environment, or is subjected to a hydrochloric acid (HCI) test.
20  The disk is then examined under a dark field optical microscope. Figure 3B shows a

photomicrograph of corrosion sites on a disk, which appear as light areas or spots on a



step is performed which effectively knocks off any high points. \Wen the
asperity is knocked off during burnish, a portion of |ayer 306 is knocke
off as well. This problem 15 is also particularly severe with over c8&tJUL 1004
| ayers having a |l ow thickness. In any event, because of this one or nore

| ayers, such as the Co alloy layer, wll be exposed, |leading to corrosion
at that site. To determ ne corrosion susceptibility, a disk is subjected to
ei ther a Qi %H?ﬁ!a | i §F the/ cPOsE e BEcur @long 2 limebjTaidied to a
hydrochlo??%n§8$ Ciéygéé?%gﬁﬁgd$$§hgrgk is then exaninedgunder a dark
field optical mcroscope., Figure 3B shows_ a ' ph of corrosion
sites on Augfestee %Y%‘?&ﬁ%‘ﬂfé‘é%‘ingS%OTBWSH}? e@@é%ﬁ%@@ﬁéﬁ 5 08 JUL 2004
dar k background. As can be seen, many of the corrosion sites occur along a
line. This is due to the above-described ridges. or ?ouges iq sone of the
texture |ines. Glhsssabsiraestpost patipderchalengesultas Ry oigeyre §18ssi s difficult
to texture glass substrates because of their hardness and because

texturing sﬁl?s'ﬁﬁgég%\?@atﬁi 6f BSF BRidnest dhtidREASE SexBlritpcah heudeauictoseopic nes .

Mor eover, | S been found that textured glass does not induce a

preferred orientation in the nmanner that, ,a t | Balel-h cause
gl ass Ji s fRenwssalong qﬂeyeﬁnpeﬁgmwoggva, étthgﬁggv{qf#'géj%gi ayedraéll n a s not°
conventional manner. A NiP |ayer can be deposited by vacuum_t echni ques,
such as désuce hetefermed bifentatinnan theNpannes tz o taxtared NiRdaysr dogsy Hegause £145F o g
therein that such filnms nust be sufficiently thick to 10 prevent the NP

fillmfrompgsl agng b ARAoHR Phey bith aaNiPNkf< i 2onvendenal Adnher gh Nifle

layer can be deposited by vacuum techniques, such as described in U.S. patent No.

5.250,339. However, it is asserted therein that such films must be sufficiently thick to
10  prevent the NiP film from peeling off and 1o provide a uniform surface. Although the

“339 patent describes a lower limit of 0.03 micron for the NiP layer, it can be seen from

the data therein that a uniform surface finish is not obtained until 2 NiP thickness of

approximately 0.1 micron.

Additionally, because glass is a poor thermal conductor, the thermal asperity
15  problem is exacerbated. Moreover, as fly heights are reduced, occasional contact
between the media and the head occurs. This causes a local rise in the media
temperature, which, if not uniformly dissipated, causes a baseline shift in the signal.
Because of the foregoing, it is known to be desirable to put a thermally conductive layer,
such as a vacuum deposited metal layer, or thick electroless NiP léyer (after first forming
20  an underlayer to enable plating on the glass substrate) below the various media layers.
Depending upon the thermally conductivity of the material, such layer typically must be

about 0.1 micron or greater. In addition, the layer must be sufficiently thick to eliminate



"339 patent describes a lower limt of 0.03 micron for the NiP |ayer, it
can be seen from the data therein that a uniformsurface finish isQfofUL 200
obtained until a N P thickness of approximately 0.1 micron. Additionally,
because glass is a poor thermal conductor, the thernmal asperity 15 problem
I s exacerbated. Mreover, as fly heights are reduced, occasional contact

bet ween the nedia and the head occurs. This causes a local rise in the

media te 3{0’%‘53{1 oP b Gheturide Probesd Rédchingltie glassssubstraiel, as¢hesumy #ibasel i ne
shift in signal. Because of the foregoing, it is known to be desirable

to put a thermally conductive |ayer h HRROSIPtI¢ErsBL al

| ayer, orsqaﬁiﬂblbeéﬁmeoﬁ e’ﬁeﬁe%gﬁfie%é? t g?é]p ﬁbg?ﬁ%{rﬂm ng 20 gﬁ: under | ayer
to enable plating on the glass substrate) bel gw. the various mﬁieﬁu ers.
Dependi ngthe fermation of Heegduigys sushligh ridges 35 described hewRi%r £ARPPELRIRR LY EY

typically nust be about 0.1 mcron or greater. In addition, the |ayer nust

be sufficienble lﬁlfgr(ﬁﬁc%&sﬁ s tﬁhﬂﬁ'& @1 EmBISstrbbd in2@Adks asvythatodesarhingtien ofghe t he
|

texturing process’ reaching the glass substrate, as the slurry will scratch

the substrate surface, geperat]j def ect Sy | A bhvidbugk NP

| ayer & i slayenypay 8¢kt f‘oﬂ%"g?r H@é%gb%ﬁlbgjsgjjzwﬁ%aE'{yrg%d{ggﬂslmagﬁdﬁedgcri bed

herein. Another problemw th increased |ayer thickness is that the

i nternal &épositivniintheaealatvely bightdnst del ani nation of the 5 |ayer may occur. A
further problemw th high thickness |ayers formed by vacuum deposition is
the relatively high cost. U S. patent Nos. 5,681,635 and 5, 855,951 propose
use of a hard {j&Bafht $o855681,635 and 5,855,951 propose use of a hard film on glass

ceramic substrate. The films described therein are selected on the basis of their ability to
form a pseudo-diffusion region and a graded interfacial region between the layer and the
10 glass ceramic substrate. Specifically, the deposited materials interact with the ceramic
substrate material to form a compressive stress, which increases the substrate’s strength.
On this layer, a softer, texturable layer is deposited. The exemplary material described is
a titanium nitride (TiN) layer as the hard underlayer followed by a softer titanium (Ti)
rich TiN layer. Unfortunately, the layers described in these patents are not practical for
15  several reasons. First, some of the materials described are crystalline in nature. Such
materials form crystal facets at sufficiently great thicknesses, which increases the surface
roughness. For example, the Ra roughness of an exemplary film is stated to be less than
one microinch (p”). The required Ra roughness of current and future disks is well below
one p” such that surfaces with a roughness in this range are unacceptable. In addition, the
70  materials described in the foregoing patents are not well known or characterized in disk
drive applications, particularly the suggested Ti rich TiN texture layer, in which it may be

very difficult to create a desirable texture structure. The thicknesses of 0.5 — 5.0 microns



ceram c substrate. The filns described therein are selected on the basis of
their ability to forma pseudo-diffusion region and a graded i nterfzagq'm 2004
regi on between the |layer and the 10 gl ass ceram c substrate. Specific )
the deposited materials interact with the ceramc substrate material to
forma conpressive stress, which increases the substrate's strength. On
this layer, a softer, texturable |layer is deposited. The exgrrptlh:ry mat eri al
descri bed i | @NhHaRA § 60 48 50 hkAbméanghmp6. ¢l 04 -haul § ymder thay er
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First, SEHHreJAYErRee maatvelYangnJeRtiRg, M e F& € Y8 al line in nature. Such
materials formcrystal facets at sufficiently great thicknesses, which

i ncreases the surface roughness. For exanple, the Ra roughness of. an
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20 mat eri In the foregoing patents are not well known or

characterized in disk . L drive a i cations, Lij.cu h wagested Ti

ri ch 5Ti Nhe dewakack diggepion jnya mp.gﬁllqyler P8 ﬁgé&f?d??ﬁ?ﬂ%rﬁw tﬁ;{cg create a
desirabl e texture structure. The thicknesses of 0.5 - 5.0 mg¢rons,7 08 JUL
2004 (msHoald lidve chevemotayithe foitbwiog charaseristissioltshesld becpyppatidlg With 1
0.15 m for the texture layer are relatively high, resulting in increased

costs. | eQ@we&kn{s'&vkﬁn%qmgmﬂeighmmaaro@ né@sonedy) requrdingd Aseinhiriadues and
structures 1 nprovi ng maghetirc performance in a nmagnetic nedi a that

enpl oys Hireg (c):l\:)ggr t];?}genfucxj'falcg of the disk, the glide requirements will be more stringent,

resulting in a greater number of corrosion sites unless high points are substantially

10  reduced prior to burnish. Moreover, media should also be able to tolerate the continually
decreasing overcoat thicknesses needed to meet the demands of future high density
media. Any void in the overcoat layer results in a corrosion site, and this problem can be
expected 10 get worse as overcoat layers get thinner. Currently, the state of the art
demands overcoat thickness as low as approximately 50A, with lower thicknesses to be

15 employed in the future as the areal density continues to increase.

Further, any layer used for texturing should preferably work at a relatively low
thickness, particularly if it is to be used with glass substrates. This is important because
glass presents a smooth surface, which is needed for low fly height, and a very hard
surface, which is resistant to defects such as embedded particles. A low thickness texture

20  layer essentially preserves the advantages of the glass layer. A further preferable feature,
particularly with glass, is that the material should have good thermal conductivity to

dissipate heat, to mitigate the effects of local temperature rise resulting from occasional



S the downtrack direction in a texture layer such as a NP |ayer.

Preferably, such nmedia should have one or nore of the follow ng
characteristics: It should be compatible with the requirenents of G&uJUL 128
fly height (contact or near contact) recording. As the head flies closer
to the surface of the disk, the glide requirements will be nore stringent,
resulting in a greater number of corrosion sites unless high points are
substanti, @+d hedf o %Hf:&ﬂ'm%%ﬁ oﬁé?atmi'fsn'ltsigalsWEﬁﬁ%ﬁr for flRAhver 36 BaNedgadldso be
able to tolerate t e cont i nual decr easi ng overcoat thicknesses needed to
meet the s of future vVQl t ver coat
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resistant to defects such as enbedded particles. A |low thickness texture 20
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preferable feature, particularly with glass, is that the material should
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It is also preferable that the texture layer be amorphous, as crystalline layers tend
10 to form with facets, increasing the roughness of the surface. It is also preferable that the
texture layer comprise a well characterized and understood material such as nickel
phosphorus (NiP), so that the design of the media can proceed with the advantage of these
known characteristics, including its effect on the magnetic properties of the media. The
material of the layer should itself exhibit good corrosion resistance. In this regard, an
15  amorphous structure is further desirable because amorphous layers generally have
superior corrosion resistance (even as compared to the same material in crystalline form)

because of the lack of grain boundaries that usually accelerate corrosion.



el ectrical conductivity as well, so that a bias can be applied during
sputtering on non- conductive substrates. The |ayer shoul d al so ha§ gdlodips
adhesion to a glass substrate to prevent delamnation or to avoid a costly
addi tional adhesion layer. In addition, as 5 vacuum deposition is an
expensi ve step, low | ayer thickness is desirable to achieve |ower costs.
Moreover, any netallization process and structure for glass, glass ceramc
and simlar substrates should be relatively sinple and | ow cost, because

t hese substrates are typi SHMMARYOBHHEINVENE Y pensi ve than
conventional alum num substrates. It is also preferable that the texture

| ayer be anorphous, as crystalline layers tend 10 to formw th facets,

i ncreasing the roughness of the surface. It is also preferable that the
texture | ayer conprise a well characterized and understood material such as

ni kel phoSpNorys. (N 21, 801 e A FSLAN oY mbdls TRinprova @yesiond w1

t he advant age aracterirstics, 1ncluding its effect on the

magnetic properties of the nedia. The nmaterial of the.layer ld jtself
exhi bit gmsiitancs whi¢ maximizingmeagagtic perfermancy %gaawa,gncéﬁ disk %9&4?%%3@&1‘3*&
structure is further desirable because anorphous |ayers generally have
Superisor gk [A%E QPpplicadns! TREMvERIANinodeDpraidaT 4 substrate sndrformingd fisft i n
crystalline form™ because of the |ack of grain boundaries that usually
accel eratg corrosion.,9 08 W & St NYEINEL iSindd) €The

i nvent i onﬁwsq%bpa{g}hwb%ge’é%%ﬁjfa{fﬁ‘é%?‘}d“ a rrg{i & For i Nprovi ng corr osi on

resi stance while maxi m zi ng magneti c perfor ce of magneti ¢ dj
enpl oyed invemtagiincludes formingg a segond layerpabove the 1rste]ayer, e %e nstlayer ﬂﬁ\?ﬁhg a

second degree of abrasion resistance lower than the first degree of abrasion resistance.

The invention further includes forming downtrack grooves in the second layer.

10 In another embodiment, the invention relates to a magnetic disk for data storage,
which includes a substrate, and a first layer disposed above the substrate, the first layer
having a first degree of abrasion resistance. The magnetic disk further includes a second
layer disposed above the first layer, the second layer having a second degree of abrasion
resistance, the first degree of abrasion resistance being higher than the second degree of

1S  abrasion resistance, the second layer having thereon downtrack grooves.

In yet another embodiment, the invention relates to a magnetic disk drive for
storing data, which includes a magnetic disk including a substrate, a first layer disposed
above the substrate, the first layer having a first degree of abrasion resistance, and an
second layer disposed above the first layer, the second layer having a second degree of

20  abrasion resistance, the first degree of abrasion resistance being higher than the second

degree of abrasion resistance, the second layer having thereon downtrack grooves, and a

10



5 disk drive applications. The invention includes providing a substrate and
formng a first |ayer above the substrate, the first |ayer having eg‘ﬁ UUP%B‘
degree of abrasion resistance. The invention includes form ng a second

| ayer above the first |ayer, the second | ayer having a second degree of
abrasion resistance | ower than the first degree of abrasion resistance.

The invention further includes form ng downtrack grooves in the second

| ayer . 10mkgr}e%@qaﬂ?§ﬁpg$%mﬁm sbdvpdilapeenThomagaitit disk dvesturtherniatiudesi sk

for data storage, i ncludes a substrate, and a first |ayer disposed

b th bstrate, t first | ' firsts. R |
"ol ot ancemoNoRaishaR e reneoRs PRk fr ot i Bedp bGP A AL RRIE

above the first layer, the second | ayer having a second degree g abr asi on

_ . g
r esi st anceonfigheedfto bs dispespden aspacedrapart oelatianship witk theyaagigtiR 1ayREITt han t he

second degree of 15 abrasion resistance, the second | ayer having thereon

downt I ackeg; ' i § ' diskt redditorRily] hererielmlwedt o a
x;f?g@g?rﬁ}%vfé&g g%i@hrmghaﬁa to HEXASSAFRE Wis itorly] @ereri

magneti c storing data, which includes a magnetic disk
including a su striat

e, .a first. l.ayer di spase above t he
first 3 ayehramnigrhgldng 'il"teﬁaddﬂﬂ?eé?f\égfn gﬁ?‘&%ﬁ%oﬁ) lpggfagﬁsty;%,sﬁgﬁgtag%ﬁgggond
| ayer di sposed above the first |ayer, the second |ayer having g second
degree of fo? ncatimigpic armrso shas thermead-wrirehdadimsay bropleeed ayer desirgdiPORUPBEPRt ance
bei ng higher than the second degree of abrasion resistance, the second
| ayer havj : downtrack grooves, and a 10 08 Jul 2004 magnetic |ayer
di sposed g%g%%ﬁ?g‘ga{sglécond | ayer. The magnetic disk drive further includes
a notor coupled to the nagnetic disk for rotating the nagnetic disk, and a

read-write heaﬂmbodiments of the present invention preferably have one or more advantageous
features including use of an amorphous layer for the first layer, use of nickel niobium
10 (NiNb) for the first layer, use of an amorphous, non-magnetic nickel-containing layer,
such as NiP, for the second layer, low as-formed surface roughness of the first and second

layer, and relatively low thickness of the second layer and of both layers combined.

These and other features of the present invention will be described in more detail

below in the detailed description of the invention and in conjunction with the following

15 figures.

11



configured to be disposed in a spaced-apart relationship wth the magnetic
| ayer for reading data fromand witing data to the magnetic di sk. m
Additionally, there is included 5 an armfor holding the read-wri {]@ -Hjéra'@
in proximty to the magnetic disk, and an actuator for noving the armso
that the read-wite head may be placed over desired positions on the
magneti ¢ di sk. Enbodi nents of the present invention preferably have one or
nore advant ageous features including use of an anorphous |ayer for the
first layer, use of nBREEF DESORIPTIONOF HE DRAWIRGS rst | ayer, use of an
anor phous, non-magnetTc ni cKel-contalining |ayer, such as NiP, for the
second | ayer, |ow as-fornmed surface roughness of the first and second

| ayer, and relatively |ow thickness of the second | ayer and of both | ayers
conbi ned. These and ot her features of the present invention will be

described in_nore detail . bel in the t g e I b t he

i nvention andhePressal mermoaws%ha&eﬂ&yf‘%i°?v%.k%§1"@1§fﬁ¥‘?‘*§f??3’2?’p‘¥1 08 JUL 2004
BRI EF DESCRI PTI ON OF THE DRAW NGS The present i nyenh’jéﬁn_ IS ti@l | ustrated by
way of exdeibe, inahe figates by thecagcarhparlying drawings and i VAShAkgAFIEEnsE { he
acconpanyi ng drawings and in which like reference 5 nunerals refer to

sim}lar ngh%ﬁﬁp}&%ﬁggmv@%,ﬁéﬁts Mdmwhidh:shows an exenpl ary substrate,
e su u

i ncludi ng strate b and an overlying N P | ayer.

Figure 1 shows an exemplary substrate, including the substrate bulk and an

overlying NiP layer.

Figure 2 shows an AFM scan of a textured NiP layer, having deep gouges and

high ridges formed therein.

10 Figure 3A shows the corrosion susceptibility that may occur due to deep gouges

and high ridges on the substrate surface.

Figure 3B shows corrosion sites that may occur on a substrate surface such as that

illustrated in Figure 3A.

Figure 4 shows, in accordance with one embodiment of the present invention, a
15  substrate that includes a hard, amorphous layer for the purpose of preventing texture

gouge and ridge formation, and providing good thermal conductivity, while facilitating

high magnetic performance.

Figure 5 shows, in accordance with one embodiment of the present invention, the

substrate of Figure 4 including an overlying amorphous Ni-containing layer for texturing.

12



Figure 2 shows an AFM scan of a textured NI P |l ayer, having deep gouges and
hi gh ridges forned therein. 10 Figure 3A shows the corrosion susceﬁtaiﬁhl.iuﬁ‘y
t hat may occur due to deep gouges and high ridges on the substrat

surface. Figure 3B shows corrosion sites that may occur on a substrate
surface such as that illustrated in Figure 3A. Figure 4 shows, in
accordance with one enbodi nent of the present invention, a 15 substrate

that incl udes rggih@b shaws) i Bevssdanay evthf one eifbedimenp of the piespricaneentiong t ext ure
gouge and ridge formation, and providing good thermal conductivity, while

facilitat, hi.gh,. ti o] [ jord ith
one. cnbollAHIRESE R HER A GERRER e @b beBi Rithed i D 0 ° ™

i ncl udi ng an overlying anorphous N -containing |ayer for texturing. 12 08
JUL 2004 céntgining Brerdtycvmechanical dbisiRIBIOCHSt h one enbodi nent of the present
invention, the magnetic disk of Figure 5 after downtrack grooves have been
formed in the Ni- containing |ayer by a nmechanical abrasion process. Figure
6B shows the £ 8BaheWs tHeeopérageof the pravaiveaatrcoatf sftar dépprikon Puheon the 5
magnetic di sk of Figure 6A. Figures 7A, 7B and 7C show Ni P renpval as a
functjon of texa}égefgj nme, T orientation ratio as a function of NP

renoval , MARREHGLABE P 6B 0¥ t'osi on sites as a function

Figures 7A, 7B and 7C show NiP removal as a function of texture time, MrT
orientation ratic as a function of NiP removal, and number of corrosion sites as a function
of NiP removal, respectively, for a process according to an embodiment of the present

invention, for a first initial NiP layer thickness.

10 Figures 8A, 8B and 8C show NiP removal as a function of texture time, MrT
orientation ratio as a function of NiP removal, and number of corrosion sites as a function
of NiP removal, respectively, for a process according to an embodiment of the present

invention, for a second initial NiP layer thickness.

Figure 9 shows an untextured glass substrate surface after deposition of a first and

15 asecond layer.



of NiP renmoval, respectively, for a process according to an enbodi nent of
the present invention, for a first initial N P |layer thickness. 16)8 Ijbgquq;s
8A, 8B and 8C show Ni P renoval as a function of texture tine, MT
orientation ratio as a function of NP renoval, and nunber of corrosion
sites as a function of N P renoval, respectively, for a process according
to an enbodi nent of the present invention, for a second initial N P |ayer
t hi ckness. Figure 9 shows an untextured gl ass subst ﬁﬁEr
deposition of a DETAILEDDESGREIEISON OBJHE PREK ] a

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention will now be
described in detail with reference to a few preferred enbodi nents thereof
as illustrated in the acconpanying drawings. .In the.5 follown

descri ption, nOheprsentipentibn mldiéﬂ‘é[ihesqes@'aleﬁ l%ée‘éﬂé‘ﬁ\ifrffgr@lﬁﬁé‘f gge[vé
materials, layer materials, thicknesses and the like are set forth in

order to {e?é{}é&een?%&d'i}ﬂérﬂyqﬁredﬂa@lﬁr@&aﬂdiixmgaeqtcammmgsckmmgwbnﬁmon. I't

will be apparent, however, to one skilled in the art, that the present

i nvention nay .be practiced wthout .so [ . P £l details.
In ot Her folloing descripien, Wﬁpﬁ%ﬁg ggtgﬁséﬁgéﬂaarf%}) g‘tflhg? ‘?’&?taﬁﬁgistbﬁaal\i’e not
been 10 described in detail in order not to obscure unneces&arilg t he
present i myeninatrialsTthicknassemandothe tike areset forth ipesdes 19 BEVIRER 018 ppar at us
and methods for inproving nagnetic performance in a magnetic nedia that
enpl oys gy RNESndiak BF the/pResent invention. It will be apparent, however, to one skilled in the

art, that the present invention may be practiced without some or al] of these specific
details. In other instances, well known process steps and/or structures have not been

10 described in detail in order not to obscure unnecessarily the present invention.

The invention relates, in one embodiment, to apparatus and methods for
improving magnetic performance in a magnetic media that employs grooves formed in
the downtrack direction in a texture layer. In one embodiment. the texture layer is a Ni-
containing layer. For the purpose of discussion, a NiP layer is described as the texture

15 layer. In one embodiment, a layer is disposed beneath the NiP layer. This lower layer
has a higher degree of hardness or abrasion resistance to the mechanical abrasion process
than the NiP layer. The lower layer is preferably as hard as or harder than the substrate so
that the texture process does not penetrate to the substrate and to provide improved shock
resistance. During mechanical abrasion, the lower layer prevents the formation of deep

20 grooves in the substrate surface even if the NiP layer is abraded through. By providing

this layer, the NiP can be textured without gouging or asperity, and with the desired

roughness (Ra) and peak to valiey height of the grooves.

14



the downtrack direction in a texture layer. In one enbodinent, the texture
| ayer is a N- containing |ayer. For the purpose of discussion, a-EUﬁLhauer
is described as the texture 15 layer. In one enbodi nent, a |ayer 9

di sposed beneath the NP layer. This |ower |ayer has a higher degree of
har dness or abrasion resistance to the nmechani cal abrasion process than
the NNP layer. The lower layer is preferably as hard as or harder than the

substrate so hat the texture,progcess.doe t -penat r-at ubstrate
and to provi delt‘WPﬁr IRFRY the | ‘E%Iici@feéh%%r.eiseﬁr]ﬁ-‘( ﬁfﬁvﬁ@gﬁg%%gé&htgﬂggﬁi on, the

| ower | ayer prevents the formation of deep 20 grooves in the substrate
surface esnbstanfiallyhemoipRotslaper soshailorystié facetsrapeiger. crejeds rlpwither wprds gits | ayer,
the Ni P can be textured wi thout gouging or asperity, and with the desired

roughne : ' i \ h&i8htld#ve2004 | n
Onggemg},ﬁﬁ@ﬁ@@gﬁ@ﬁ%@@ﬁ%kﬁ%l@%@%, @hichhenesdeehow i heightlddv

t yer is preferably fornmed of an anorphous or

substantially anorphous, | ayer so that crystal .facet re,not.cr d. In
ot her wor Hee usér??oa&ﬁﬂ?oﬁﬂ%’é)i?}'%@” PEVERIS BEYRP dpé%fwﬁpvlg}%g%howi chis
needed in low fly height drives. The use of an anorphous |ayer also
preverst s lanivastrecturr ofithe nveryinglagtrsbims prefervdd ahlzodbment; the dewenlpyriatize of
the overlying layers. In a preferred enbodinent, the |ower |ayer is a

ni ckel ni ﬁpllkéfa cfwtﬁ\lhlhﬁ)'ﬁ er. IIRNRMBY, it ik bohtSmpRId KR! Rb&dnitbadls 6f slfdys

material s or oys aving a suitable degree of hardness and/ or abrasion
resistance (i.e., harder ang/or nor abr asi on .resi st ange ,t han,t i P
| ayer andh3ying %F‘ﬁﬂb& g&%?ﬁ&Q@!Jﬁﬂaﬁ%ﬂﬂﬁ@%&%ﬁﬁf‘dﬁ“ﬁﬂ%k?-hﬁ"déru%i ?rgﬁ%tjél
material) may al so be enployed. Preferably, the naterial enployed al so has
a abrasion resistance than the NiP layer and preferably about as hard as or harder than the
substrate material) may also be employed. Preferably, the material employed also has a
10 relative high degree of heat conductivity, to prevent or mitigate the problems of thermal

asperity and baseline shift described in the background section, and 2 reasonably high

electrical conductivity, to allow for substrate biasing during sputtering.

By way of example, a2 material such as titanium nitride (TiN), tungsten carbide

(WC), or the like may be employed for the lower layer.‘ If such layers are used, they are

15  preferably deposited in amorphous form, or to a sufficiently low thickness such that large
crystal facets are not formed. In particular, materials that readily form hard, amorphous
films such as niobium alloys and tantalum alloys are preferred in the practice of the
present invention. Moreover, the lower layer should have good adhesion to the substrate.
In addition, in some embodiments, it is desirable that there be a distinct interface between

20  the lower layer and texture layer, rather than a gradual change, so that texturing reliably
and repeatedly stops at the interface. NiNb has been found to be particularly

advantageous as it has good adhesion to glass containing substrates, high thermal

15



10 rel ative high degree of heat conductivity, to prevent or mtigate the
probl enms of thermal asperity and baseline shift described in the
background section, and a reasonably high electrical conductiviﬁbﬂJUBZMM

al l ow for substrate biasing during sputtering. By way of exanple, a
material such as titaniumnitride (TiN), tungsten carbide (W), or the

i ke may be enpl oyed for the lower layer. If such |ayers are used, they are

15 pr echBMt%'@elﬂgﬁ leefichNconanEphgy exdellemabeisionaesistandel iscmarphausi ow
t hi ckness such that large crystal facets are not formed. In particular,

material § that .readily.form har h Dit@3f i9hipplym al | oys
and tarﬁlal‘:ﬁ’l’rsﬁijwge‘il%é &Vﬁ%ﬁ?g?fh%%‘%éqg?gﬁl%’gﬁ %FH? he presen:'léJ

i nvention. Mreover, the |lower |ayer should have good adhesion to the

subst r aberosichmesasdafitt i on, in sonme enbodinents, it is desirable that there be

a distinct interface between 20 the |ower |ayer and texture |ayer, rather
than a gradual change, so that texturing reliably and repeatedly stops at

the interf aceye MvdRidAdsayPBeprataiedbntany baitsble subsirhiey particdasubataioss as i t
has good adhescllon to gl ass f(szkont ai ni ng substrates, high thermal 15 08 JUL

2004 conductjvity, high electr.ical 7R It Gilysasi on

resﬁsta"ﬁ%‘&"fjifgatﬁﬁﬂ? Ewg{ﬁé,glasa,nlagﬁgwsﬁ%%%étqﬁlgmwg%ﬁmg very snooth surface.

In addition, the layer itself is hi ghl% corrqgsion resi.stant.. The invention
a¥ %QP

may be sabstedtesmdy be mmdy by @ivaribtye! sutkhedsasush ap Hoating, dEayipe Phtes 5 made
of materials such as glass, high density carbon, titanium and the |ike.

(?r Z\?M.Sngé{'t?%&ﬁtﬁ)@%s??sy Beidigethe las WA diktate ghssrejghaldminasilidateay f | oat i ng,
borosilicate, but other types of glasses without additives or with different or additional
additives, can be used as well. Glass ceramic materials comprise some crystalline

10  material. As used herein, a glass substrate shall mean any substrate comprising glass,
such as an amorphous glass substrate or a glass ceramic substrate. With substrates having
beneficial properties, such as glass substrates, the invention enables fully utilizing the
benefits of the substrate properties. For example, for glass, the extremely smooth (i.e.
low roughness) surface quality of glass is preserved, as are other benefits of glass, such as

15  lower susceptibility to embedded particles as compared with conventional aluminum
substrates. This is particularly true with the relatively low thicknesses of the deposited
Jower layer and texture layer that may be used in the present invention as described
herein. Moreover, because the Jower layer is resistant to abrasion, it prevents the problem
of substrate scratches and consequent defects. A further problem that may occur with

20  glass without an underlayer is the formation of small “micro” spikes (see Figure 9) due to

reaction of materials in the glass with commonly used cleaning agents, or with ambient

moisture. Embodiments of the present invention reduce or eliminate these problems.
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pressi ng processes. Typically, the glass is a silicate glass, e.g.

alum nosilicate or borosilicate, but other types of gl asses mﬁth%gtJ
additives or with different or additional additives, can be used Qk#@%
G ass ceramic materials conprise sonme crystalline 10 material. As used
herein, a glass substrate shall mean any substrate conprising glass, such
as an anor phous gl ass substrate or a glass ceram ¢ substrate,.

] Wt h
substrat es hayislitakeeiebidon|Figuedallustedss iga@im@l@@faggataﬂﬂ??‘éf’ﬁ%, t he
i nvention enables fully utilizing the benefits of the substrate

properties. For example. . I 1d . extdve REbatraf®, thefd isalisposesa
roughneg’gﬁnﬁﬁﬁ?ﬁcﬁﬁgggéﬁtt@&%qegg g?sa is preserved, as are other benefits of

gl ass, such as 15 | ower susceptibility to enbedded. L&l §spasrrconpar ed
wi t h colowenidyend02.afs teriemns @Gl?gtﬂl%ﬁe@é'{er%iag%%%gg%sﬁ%%Igr yotrue with the

relatively | ow thicknesses of the deposited |ower_ |ayer and t%?l(t ure | ayer
that may,hferisfd (brwbide op siasin importpmeamsrsudslayerss dispeted 38RV INbr cover
because the |l ower |ayer is resistant to abrasion, it prevents the problem

of substrate scratch teftBEBstk Sayefird borivear. Jimolatlgra t hat nmay
occ wiqyﬁ”é"@es@feéé?ﬁ%’%@%ﬁgﬁéunggpp%er ¥s the formation of small "mcro”
spi kes (see Figure 9) due to reaction, of terihals.l : A5 th
comonl Jayesthut is|“below pr duedaraeatly angihey lﬁ’ﬁf)@r’ﬁordsn%i%ﬁ?}e{ iE%odi ments of

t he present invention reduce or elimnate these problens. 16 0 8 Jul 2004

To faci bihiphGerds afzpssed BRlow aitither ldyer] inespectiveef Whetberghers ' #Yed format a
portion of a° magnetic nedia disk that includes substrate 102. Above

i oy ederaa e B GORF BeBuph U s i donss pedrsly o e
formed of a material that has a sufficient degree of abrasion resistance to the mechanical
10  abrasion process employed to form the downtrack grooves in the NiP layer such that if
the NiP layer is abraded through, the rate of abrasion in the lower layer is lower than the
rate of abrasion in the NiP layer. In thc_: case of Figure 4, the lower layeris a nickel

niobium layer. The nickel niobium- layer is about 20-70% nickel and about 30-80%

niobium. In some embodiments, the nickel niobium layer is about 40 — 60 % Ni and 60 —

15 40 % Nb. In addition, the layer may contain other additives as well. As used herein,

reference to nickel phosphorous (or NiP) or nickel niobium (or NiNb) shall include any
material having nickel and phosphorous or having nicke! and niobium, respectively,

regardless of the exact composition or presence of other addstives.

Additionally, lower layer 402 is preferably an amorphous layer that can be
20  deposited with a resulting smooth surface. Preferably, the surface roughness (Ra) of
lower layer 402 as deposited, is less than about 50A, more preferably less than about

25A, and most preferably less than about 10A. In some embodiments, the as-deposited

17



anot her |ayer (or words of simlar inport) neans such | ayer is disposed
above another 5 layer, irrespective of whether there is any interﬁﬁﬁilﬁtfﬂ
| ayer in between. Simlarly, a layer that is "below' or "underne " 04
anot her layer (or words of simlar inport) neans such layer is disposed
bel ow anot her | ayer, irrespective of whether there is any internediate

| ayer in between. As nentioned earlier, |lower |ayer 402 is preferably

formed of Ra of@icehirfte I upproxaaanlysik bi Ris€nin stheresrdsfthalowas layer shemidnatnce to
t he nechani cal 10 abrasion process enployed to formthe downtrack grooves

of_abr asi 614 B9 ST Fhagss o 1Sl SRR of e Wb GRS o0 MR R IouRIR S T, 2

Ni P layer. In the case of Figure 4, the |lower layer is a nickel nigbium
| ayer. Thef thediesr swifagdsiis acopy; oftheRa ofohy swhishatek Ba ravghnsssAsused- 80%
ni obium In sonme enbodi nents, the nickel niobiumlayer is about 40 - 60 %
N and 60perki APardéth® ariththeti didrhgepeak e vhleieroudRiess aithairdd witharscardi ti ves

as well. As used herein, reference to nickel phosphorous (or N P) or

ni ckel . ni gbi um Ni shal I incl ude an 2 | ' | d
phosphdr O?E‘gﬁ’r Otﬁ%r‘hg%ﬁ% R gpughpess ﬁ%g?euﬁe%%%%sgéé @e‘f‘@w f}ragcge gir1 %Fcé%'g gﬁéc])f t he
exact conposition or presence of other additives. Additionally, |ower |ayer
402 is préAEMAbly an anorphous |ayer that can be 20 deposited with a
resulting snmooth surface. Preferably, the surface roughness (Ra) of | ower
| ayer 402 as deposited, is |less than about 50A, nore preferably |ess than

about  25A, angq M@&e B! £teetutdlayer 5085 cohipisiA@ QLA prefddfed etbodimentaniNifli ment s,
the as-deposited 17 0 8 JUL 2004
layer, is formed above the lower layer 402. This texture layer 504, as well as lower layer
402, may be deposited using any suitable deposition process. Preferred methods include
10  sputtering, chemical vapor deposition, evaporation and ion beam deposition, but other
methods may be used. Sputtering is particularly preferred because it is relatively simple,
well known, cost effective, and utilizes equipment for which there is presently an
installed base. Therefore, in a preferred embodiment, lower layer 402 is formed by
sputter deposition followed by in-situ sputter deposition of texture layer 504. The texture
15  layer 504 is also preferably also relatively thin and/or amorphous and therefore also

presents a surface roughness as-deposited in the ranges listed above for the lower layer

402.

Figure 6A depicts the magnetic disk of Figure 5 after downtrack grooves have
been formed in the NiP layer 504 by a mechanical abrasion process. As can be seen in

20  Figure 6A, the presence of the lower layer 402 prevents the formation of unduly deep
grooves or excessively high ridges after some of the NiP layer 504 is abraded through.

Accordingly, the grooves are substantially more uniform relative to the situation of

18



Ra of the surface is approximately 5A or less. In other words, the | ower

| ayer should not add any additional roughness to the snmooth surface of the
substrate, so that the roughness of the layer surface is virtuall{8autalif
of the Ra of the substrate. Ra roughness as used herein neans the
arithmetic average peak to valley roughness neasured with a scan 5 | ength

of 10m The Ra roughness may be neasyred using an atom ¢ force. m cope
(AFN) . | Rigereguir tg;s rmannsx e @hsswﬂsﬂﬁw%ﬂg%& Y e st s dedired £
enbodi mrent an NiP layer, is forned above the |ower |ayer 402. This texture

| ayer 504m,agetivelhhradterisouewitheyt €ormidg an exwysibenaebusif cerosion Fs¥ B ui t abl e
deposition process. Preferred nethods include 10 sputtering, chem cal vapor

usea.  SpubEcrtiH G pRRe i R cARRTL BOgR Oy D e ey e  mpl ¢

used. Spu ecause it is relatively sinple,

wel | known, cost effective, and utiljzes equi pnent for lL.ch |
present | yFigure 6B diustnateq theeqyeragg of éf’-’é‘Pé’,’OtFﬂ”& %F@f’%‘rl%ﬁ'ﬂ\g@hﬁ’gﬁﬁ;ﬂg{] yérls ower
| ayer 402 is formed by sputter deposition followed by in-situ sputter
deposi § i 0§0&f AL Bé Seehdy@ircd®thyel 686 trdfdrmiecdvard thy swfEgvithoubveids or
preferably also relatively thin and/or anorphous and therefore al so

PrESEI S Suunt S5 pb RRTPA BTeRRSH il Aobdratapass basiahamave, | o

t he | ower ure e magheti'c disk of Figure 5 after
downt rack grooves have been forned in the NiP |layer 504 by a nechani cal
abr asi on poéerdeverveatdaysr p@6.seen in 20 Figure 6A, the presence of the | ower
| ayer 402 prevents the formation of unduly deep grooves or excessively
high ridges after some of the NiP |ayer 504 is abraded through.

This uniformity-enhancing effect of the lower layer is particularly important as

the storage density increases and layer thicknesses and the grooves become smaller. In

10 particular, the magnetic layers likely will decrease in thickness to reduce the effective
space loss, as described in the background section. The chromium alloy layer, which as
known has very good corrosion resistance properties also is likely to continue the trend to
lower thickness. Similarly, the protective overcoat layer is expected to continue its
decrease in thickness to reduce the effective space loss to achieve a sufficiently strong

15 signal. With these layers becoming thinner, the problem of coverage over the grooves
becomes more critical, and the benefits of the present invention can be expected to play
an increasingly important role. Moreover, with the reduced overcoat thickness and near
contact recording, the absence of asperities and the presence of uniform grooves will help
prevent read errors due to thermal asperity and baseline shift. In addition, uniform

20  grooves will allow the overcoat layer to cover the surface more completely so that it is

less susceptible to wear and particle generation. Thus, in addition to the magnetic
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Accordingly, the grooves are substantially nore uniformrelative to the
situation of 18 08 JUL 2004 Figure 2. In this manner, the JUL 7004
subsequent | y-deposited | ayers may be as thin as desired for magngpié]
characteristics without form ng an excessive nunber of corrosion sites due
to e.g. voids in the protective |ayer caused by gouging or by burnish
renoval of asperities. . Figure ' r t &yethageeset Iaveanion

pr ot ectiv@fW@ﬁﬁocFﬁ%‘P’ltgg wgg-%H #djiog&%séglteor%%s fggﬁ As cgﬁe be seen,
overcoat |ayer 606 uniformy covers the surface w thou lds or gaps. It
will be aﬁé‘gﬁ@lie&t@’dhéihaireaﬁbheprob’Wef@El*’%ﬁi@‘t"’@ﬁﬁ&ﬁ?“%rp& Opég‘(llaér%t bet ween Ni p
| ayer 504 and overcoat |ayer 606. This uniformty-enhancing effect of the
| ower layer is particularly inportant as the storage density increases and
| ayer thi cknessg?sd%gﬁbgchﬁ tﬂgggﬁ\kgﬁi@a%@ﬁﬁj@mmnthﬁ doovnyRek BEQMSY | t he
magnetic |layers TiKely wll decrease in thickness to reduce the effective

space | oss, as described in the backaroun :1d 9PyasTHeen aheoveredmhat thoy
| ayer, whimbhvide amﬁgwﬁtlﬁé)@e{}@@“Qg%%%#r%g?%ﬁééf esll']asst ance properties al so

is likely to continue the trend to |ower thickness. Simlarl
Pr ot eCli V ey gyedsGaaty theyessed enty fernaskchromigh il (RICh ﬁ%&ra@éﬁ%g}sﬁé}'é&hﬁm

t hi cknéss To reduce the effective space | oss to achieve a sufficiently

strong 15 O@%g,[‘qé}{?-gd‘gé\g}oﬁnm%gadiﬁﬂﬁ%vwmaretlam\nayyemw deigeeerf GBMEFASTYE

cover age o0Ves econes nore critical, and the benefits of the

present invention can be expected to pla b RGELAS it diviitrpl diremibnr ol e.
Mor eover, steshin the radig ferseh @ﬁ%ﬁ’ﬁttopﬁﬁcc%néggsgwg%g near contact recording,

t he absence of asperities and the presence of  unifoy I QOV.E! .11 help
of the disk. In other words, stress relaxation occurs 1n Igc ra il dXe QR i

1 ion 1 i ’s crystals
chromium layer. This causes a distortion in the lattice structure of the layer’s crystals,

10 and biases the subsequently formed cobalt alloy layer to orient the easy axis of

. N . cal
magnetization preferentially in the downtrack direction, resulting 1n @ preferents

. o . o of the
alignment of magnetic moments in the downtrack direction. The uniform texrunng @

i i ich results in
present invention allows for small, uniform grains of Cr to be formed, which res

X ) ] i
reduced media noise. Additionally, the uniformity allows for consistent magnen

15  performance, including improved thermal stability.

In general, it is desired to create a process wherein the deposited NiP layer s

1 i 1 hieve
sufficiently thick to allow for formation of grooves of sufficient average height to ac

' i i i it irable
the desired orientation ratio. ‘Stated alternatively, in some embodiments 1115 des

y ] i o] UCS,
3 o 2

i i i i for the
bulk removal. In contrast, in the prior art of NiP on aluminum, it was necessary

! 1 i 1 cess
texture process 1o remove a significant thickness of the NiP because the polish pro
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prevent read errors due to thermal asperity and baseline shift. In
addition, uniform 20 grooves will allow the overcoat |ayer to cover the
surface nore conpletely so that it is |ess susceptible to wear an8§ JUlL 2004
particle generation. Thus, in addition to the magnetic 19 08 JUL 2004
grooves formed by the present invention, properties associated with
downtrack grooves, . regardless of their direction, provide for inproved

tribol 0gif akfePRsLOK APREAches thalBedRATS b RndvRditiand ke B:‘b@@ss.sjﬁ?t ion, it is
known t hat downtrack grooves provide a preferéntial orlentation of

magnetic,properties.. It has peen di scovered that .t 5 groqves,. all ow t he
ubs equAHETT RS ERBRE b Ko PLUEHPRE K She PN RAIAE (o by and
chrom um vanadi um (CrV)) to have a relatively | ow degree of conpressive

st ress iaverage pealdioalalldy height afrthe gioavésse that thhexooeprosssiremowdsses® i n t he
downtrack direction of the disk. In other words, stress rel axation occurs

in the radhat ofiine dall ﬂ\ib&h%‘sﬁ??iﬂleqa&”m éxﬁﬁﬁ:ﬁ suﬁ?ieﬁt HAURES for @St ortion in

the lartice structure o ayer's crysta 0 and bi ases the
subsequent | cobalt al

or ne I | ayer to arient t eas LS

monSt | SR Er e aldws B qurondtk Sertelfipgiide S MRy (0
preferential alignnent of magnetic nonents in the downtrack direction. The
uni f or mlayex taiocang just pribeto rpachegrthe lawes hayieonImarnyoavent, the layen ithickngss fsor m
grains of O to be formed, which results in reduced nedia noise.
Addi ti ongahlMily kBf tithd Alinldh felQRr bRce ORI RigRlc PRgiaiahe, to help

preserve the smooth surface condition of the substrate, to decrease material costs and to

increase throughput. Additionally, by putting on approximately just that thickness

10 necessary to form grooves of a desired size, the process is more controilable, and deep

gouges and high nidges are prevented.

In addition, the texturing process is designed so that the textuning stops when, on
average, the depth of the grooves reaches about the level of the lower layer. Even though
the lower layer would prevent excessively deep gouging to prevent the presence of pin

15  holes and prevent corrosion, allowing the texturing process to continue too long will have
a leveling effect on the grooves, which degrades the orientation ratio, which in tum
reduces magnetic performance. Thus, there is an optimum point where excellent

corrosion prevention is attained, and very good magnetic performance is achieved.

While the process may be designed to stop approximately when the grooves, on
20  average, just meet the lower layer, in some embodiments the texturing process may be

designed to stop above this point on average to prevent excessive smoothing (i.e., to
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15 performance, including inproved thermal stability. In general . it IS
desired to create a process wherein the deposited NT |ayer is s@BfJiUJ;intly
thick to allow for formation of grooves of sufficient average height to
achieve the desired orientation ratio. 'Stated alternatively, in sone
enbodiments it is desirable that there is approximtely just that anount
needed for the desired size of the grooves, 20 such as, e.g. %% - e150 A,
and the tgnevennalepradatiomof the ngentaéorgrtiol #dulgistiH FrRVIAng Ail¢ Ve HP! hthex
removal . In contrast, in the prior art of NIP on aluminum it was necessary
for the gﬁyé pfifves to renove a significant thickness of the NP
because téu po tﬁ?ﬁ progiss 20 08 JUL 2004 |l eft defects such as scratches
that needed to be renoved by the texture process. In alternative

enbodi nents, the, thi.ckness of . er 1S Sld e fockkan t he
aver age peak tdablg| I‘@&‘StF?z?S feg?gtoﬁg&génorlﬁés&gggltoag%e%t g%ﬁ? g process
renoves sonme anount of the bul k thickness of the |ayer. Tpis res

suf fi ci enThe hiedianesed t6 produtrtableas incleded Agglass subs aﬁ/ﬂﬂ% ,°W£ﬁ§ﬁ§ﬁ| ows for
a reasonabl e extent of texturing of the NNP layer to occur just prior to

reachiqg Lag‘é‘rJ) odimefily 1000Aaeposiahtherebhfollayed by AiNiRieyesof s general |y
kept to t m ni"rrum needed for process and magnetic performance, to help
preserve the snpooth hface candi,tdg 3 PdSholva inl Gserables
mat er i al Eﬂ%"?é"%ﬂ*ﬁlyt@w"r ?@?&eﬁﬁg’td L‘Jrf*’g%!‘b‘%%‘% %ﬁ%ﬁ?ﬁonal 'y, by putting on
approximately just that thickness 10 necessary t é r rLooves of desired
si ze, t hefqltoyessklsy conventienat glearing pigpy ¥d d&ﬁﬁ“ﬂé’éﬁpa ﬁ‘dgé’gdsfﬁ%}’eﬁﬂg O?i dges
are prevent ed.

more Co alloy magnetic layers and a carbon overcoat layer.

Texture Extent HCI Pinhole
Density (#/mm”)

No Texture 21

4 pulses slurry dispense 126

8 pulses slurry dispense 75

12 pulses slurry dispense 0

18 pulses slurry dispense 0

24 pulses slurry dispense 0

30 pulses slurry dispense 0

10 Table 1

In Table 1, the texture extent is given as the number of pulses of slurry dispenses.

Each pulse occurs about 3 seconds apart and dispenses a certain amount of slurry (e.g.
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In addition, the texturing process is designed so that the texturing stops
when, on average, the depth of the grooves reaches about the | evel of the
| ower |ayer. Even though the |ower |ayer would prevent excessivell/§ deedid
gouging to prevent the presence of pin 15 holes and prevent corrosion,

allowing the texturing process to continue too long will have a |leveling
effect on the grooves, which degrades the orientation ratio, which in turn

reduces t] f rRRCE. | LD 1508 her e
excel | en?%ﬁ%'%ré es‘fg{?pg'r eveh?ig{)ér%&:ﬂzl abl?ggsﬁ%lg,?esgﬁﬁ%g?y golglgée?rgegnet i C
performance is achieved. Wile the process may be designed to stop .

appr oxi mapeacyssandriberatorggrsaige NiP gnovah A eambeseen Hbfatﬂgét IRWEﬁA&“S’I%yer ,

i n some enbodi ments the texturing process may be designed to stop above

thi s poi nis A2 14" ad@otany teuantg. eXhie ssdustosamothinregulerities on the sAfa@sof) UL
2004 prevent degradation of the orientation ratio), while still providing a

| ower |1 mgt t . [+ e fect of
texturi n%ﬂsﬂx@gﬁ%&sﬁ%%ﬁ%ﬁgﬁ%n@}g(egéncgfﬁ dﬁlrzg%{ehgsb&ﬁl %L%i% %réesgl gﬁ'o e fﬁg
produce table one included a glass substrate having a lL.ower N Nb .5 | ayer
of app? oxihese brsgulanidionariblsawng 8¥PASEE AAYSF, SupesPHBIRAS wosaowapd?%fﬂgr-‘d of

approxi mately 200A. Thereafter, different disks were textured as shown in
t he tabl eearlitpl Preligéndey texairing(tipalsas) intreases ty cotrepisn anstephiplinyi ¢ on of a

Cr Mo underl ayer, one or nore Co alloy magnetic |ayers and a carbon
over coat llﬁgﬁr{m”).-r FRis4s &éﬁé@&hﬁ%f Ihﬂﬁ&?ihlerexnuing, there are high ridges because
insufficient texturing has occurred to level them and there are deep gouges because the
texturing is still well above the lower layer. Additional texturing steadily decreases
10  corrosion susceptibility (as can be seen with the 8 pulses case). Thereafter, additional

texturing causes corrosion susceptibility to further decrease. As can be seen, corrosion

sites are substantially eliminated at 12 pulses or more.

Figures 7A, 7B and 7C plot NiP removal, orientation ratio and corrosion site
density for a set of disks processed in the same manner as those described in relation to
15  Table 1, but with approximately 300A of NiP as deposited. Referring now to Figure 7A,
the amount of removal of NiP as a function of texture time is shown. NiP removal is
determined by measuring weight loss after texturing and then converting to the thickness
" of the layer removed. As can be seen, after about 100 seconds of texturing, the removal
of material levels off, indicating that once the NiP layer is substantially removed by the
20  texture process, no or insignificant removal of the NiNb layer occurs due to the greater

abrasion resistance of that layer.

30
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Density (#/mm No Texture2l 4 pul ses slurry dispensel26 8 pul ses slurry

di spense75 12 pul ses slurry di spense0 18 pul ses slurry di spense0 24 pul ses
slurry di spense0 30 pul ses slurry dispense0 10 Table 1 In Table 1, 0BelUL 2004
texture extent is given as the nunber of pulses of slurry dispenses. Each
pul se occurs about 3 seconds apart and di spenses a certain anount of slurry
(e.g. 22 08 JUL 2004 one or a. few drops. . Thus, reat er..punber ,of pul ses
corresponds t Figysdsr shopssiths %“e“&?“l%‘é%@o %Bﬁf ﬁé?%n“@né’?@éﬁ N3 | enpval .

As can be seen in Table 1, the pinhole density 1is at 21/m8 w thout any

t ext ur i ndnjtiblly Swith no texniring, dredoTeniatioe gaticaisictase so ome. tApthe grteatef gxturinge
substrate (see Figure 9). The defects arise due to the burnish process

* ChoDpi ng. gl LBy WIESEAIAATIHaES RB% IRAYHAGAITINGY ahayeisally

suscepti 0 COrrosion, SCri earlier. Prelimnary texturing (4

pul ses) increases the corrosign susceptibi.lit to . 126/ mP). IS, ]
because \WeEPErEEPSVesi ROMEVET; é%('?'ﬁ exiggt o tﬁ’étPEn%Fém‘ﬁ]u hig PEgas: e%EzL:‘ESI(ZWE’s

5  layer is reached, the orientation ratio gradually decreases. This is due to the fact that as

the lower layer is reached, insignificant texturing of that layer occurs while the remainder

of the NiP layer begins to become abraded away, or smoothed out as discussed earlier.

Referring now to Figure 7C, the number of corrosion sites as a function of the
extent of texturing is shown. With no texturing, a significant number of corrosion sites
10  are present. To understand this, brief reference is made to Figure 9, which shows an
untextured substrate surface, having a layer of NiNb and a layer of NiP deposited thereon.
As can be seen, the untextured substrate surface has numerous spikes or high points,
several of which are marked with reference numeral 901. These spikes originate on the
glass substrate after it has been subjected to standard glass cleaning steps or due to other
15  exposure to moisture. Without texturing, these high points remain until they are
subseqt;ently burnished off. Once burnished off, one or more layers, and particularly the
protective overcoat, is removed in the region of the spike, exposing the underlying layers

to moisture. The texturing process removes these spikes so that they are no longer

present at the burnish step of the process.

20 Returning to Figure 7C, initially, as some texturing is performed, the number of
corrosion sites increases due to the formation of deep gouges through the thickness of the

NiP layer, and due to the formation of high ridges. Eventually, as the texturing begins to
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I nsufficient texturing has occurred to |l evel themand there are deep gouges
because the texturing is still well above the |lower |ayer. Additional
texturing steadily decreases 10 corrosion susceptibility (as can be) gggni004
with the 8 pul ses case)- Thereafter, additional texturing causes corrosion
susceptibility to further decrease. As can be seen, corrosion sites are

substantially, elimnated,at 1 | - Fi aged ZBand 7C pl ot
Ni P renﬁQ}}i?EtX-’&? p%cpﬁrlgy?roﬂdgegtargw% dﬁa%ﬁl g IHPEFewd:ds% ed goug p

10 and corrosioh site” density for a set of
di sks processed in the sane manner as those descrj bed,.i Agya to 15
Tabl e 1elitnitated whhap;fuﬁhﬁrrgﬁvépgdB‘E)M‘i‘Gﬁ)r%FWe e 8vse”aé'§r. %ee?%”i ng now to
Figure 7A, the anmount of renoval of NiP as a function of texture tinme is

shown. NeRid 6o@yitle inTedited esmbsiarsitey. Thasaot thatheaiugrher PHRYTWPHCE ext ur i ng
and then coniverting to the thickness of the |ayer renoved. As can be seen,

after about 100 .seconds o ' e RN the NINL lipecsfithe piesangl s of
i ndi cat idﬁﬁ'ei‘-??étw‘aﬂe‘ére?ﬂ‘ég fﬁf“ﬁg%?‘ﬂ?‘? gﬂggl{cant al | y relrfgved by the 20

texture process, no or insignificant r val qf. the Ni LAYRE NgPCUr s due
to the g@mveation is wdry sesishantie ml%cgsb?ﬁggﬁmieg)}lé?m%%@rﬁ 56\84 Figure 7B
shows the orientation ratio of MT as a function of N P renoval,

I ni tial hyoer 1 Ridafy e Witk thad the tityierssnteatritid heegin,gnd shege 0 hgitdhe. As the
extent of” texturing is increased, the orientation ratio increases due to

the formation of. nore an : € EREGccaF OPlereforddwemenberaf t he ext ent
of text ??P&e’&to?ftgoﬁﬁlélg%?grlﬁﬁé;?%@g{el?‘ng%d the |ower 5 |l ayer is reached, the

NN IV ST SR R R

maximum shown on Figure 7B, depending upon the orientation ratio desired. Stated
10  alternatively, whereas a maxima in the number of defects occurs at about 90A removal in
the present invention, without an underlayer, the number of defects can be expect to

continue to climb (or at best eventually level off) without the hard underlayer of the

present invention.

As shown in Figure 7B, the orientation ratio reaches a maximum at about 175A of
15  NiP removal. Generally, it is desirable to operate at about this point (to achieve
maximum orientation ratio) if the amount of corrosion is acceptable. However, it may be
desirable to operate to the right of this point if further corrosion prevention is needed and
the coercivity and squareness at such point are sufficiently high. In this regard, it has
been found that it is not generally necessary to have the highest orientation ratio
20  achievable. While a higher orientation ratio generally results in higher coercivity and
squareness, small gains in orientation ratio typically will not provide sufficiently

improved magnetic performance t0 justify a significant reduction in corrosion prevention,
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the lower layer is reached, insignificant texturing of that |ayer occurs
whil e the remainder of the NiP |ayer begins to becone abraded awa%

snoot hed out as discussed earlier. Referring nowto Figure 7C, the Hh#ﬂeﬂm‘
of corrosion sites as a function of the extent of texturing is shown. Wth
no texturing, a significant nunber of corrosion sites 10 are present. To
understand this, brief reference is made to Figure 9, which shows an

unt ext uregoM%t&aae.%fﬁwsiigmgyelm\fioﬁgn tibRYRo 16f relhNA BAHsin @éﬁ%&?@@le Ni P

deposited thereon. As ca seen e unt extured substrate surtace has
nuner ous I kes qr high points, ver al ich are mark th reference
nuner ol 9B0Y X Aboad s JRe e T of EBICh BiSt FAF Ga (S FIPR hag
been subjected to standard glass cleaning steps or due to other 15 exposure

t 0 noi st uepprowimatelyt2 10Ax¥iPrremgyali HResemriggh Figira 7B, at@t@ANPremovehthe are
subsequent |y burni shed off. Once burnished off, one or nore |ayers, and

parti cul aph¥ntatién ﬁa% rbleﬁua‘Pé‘I 150 ¥hicH Will x?c{f?é’s%ﬁ ih§ aht&lgPidafibn b

spi ke, exposing t rlying Tayérs to nolisture. textdring process
removes these s S so t are naq. | onge t at the burni.sh step
of "t hes pr BRARBESC pes TRl g Ptk iahis SfapreaE 1SS S ePBnHEN (H0Png | <
performed, the nunber of corrosion sites increases due to the fornmation of

deep goug®8P rémovaih Thhs extrllehtmagnatic petformavicPid achieved awithh etoellenbcernesion
formati on of high ridges. Eventually, as the texturing begins to 24 08 J U

L 2004 copdspginckh® i¥ P%&ﬁyﬁdt de§irdHIED dHefaté'B the RAVEYF (BOErédiRidH A¥bOUS| Y

f or med gouges are I m nat ed vmthout urther gouging due to the presence

of the | ower. e esc
axxma Xs {he %er otr corroswn sites increases while the orientation ratio decreases.

However, in some cases it may be desirable to operate somewhat to the left if desired for
10 process time reduction (throughput increase) or other reasons if the coercivity and

corrosion results are within acceptable limits.

It may also be desirable to operate at a greater degree of texturing if other
improvements are utilized in, e.g., the crystallography or composition of the various
underlayers or magnetic layers of the medium, such that the orientation ratio for such

15 medium is greater than that shown in Figure 7B for a given extent of texturing. In other
words, media achieving high orientation ratio with small grooves will particularly benefit
from the corrosion prevention offered by the present invention, as it can be textured to the

extent needed for corrosion control while providing extremely high orientation ratios.

Figures 8A, 8B and 8C show NiP removal as a function of texture time, MrT
20 orientation ratio as a function of NiP removal, and number of corrosion sites as a function
of NiP removal, respectively, for the media described in relation to Table 1, having an as-

deposited NiP layer thickness of approximately 200A. As can be seen, the results parallel
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herein, resulting in reduced corrosion sites. The fact that the nunber of
corrosion sites decreases with increasing texturing is further evidence
that the NiNo |ayer of the present 5 invention is very resistant tpg JuL 2004
abrasion. It should be noted that in the prior art, the NP layer Is
typically much thicker than the |ayers described herein, and there is no
limt to the extent of gouging and ridge formation that can occur.

Ther ef or eghobdishowditoe EheQﬁickéiﬂ‘ﬁE’CIhﬁertshaWn ¢ Figheeseipe Ce Ndtathahthe praxgmugy t
will typically be near or even above the maxi num shown on Figure 7B,

e o RS REp o pas ooty

whereas a € nu ct's occurs at "about 90A renoval in
the present invention, w thout an underlayer, th er, of defects.can be
xpent -t ol ORFigvas Hb- s Y BAY BE Ao b sk iz e, 0BT PY FOURERIR: t he
hard underl ayer of the present invention. As shown in Figure 7B, the

ori ent at i giFficiehilP highatb®@Rs on MRerageIw Rhiexb thetsaiieShighforiedtation Rticenoval .
Generally, it is desirable to operate at about this point (to achieve

X1 M Ofo SR iR bricRtaliBA rdilo it S61L IRy Rin G IPRARen SouBRRRRIEAGise
However , hpwﬁﬁ%’g%on&g%w%ﬁ%l%gﬁ%perati tghicﬁl‘wi lr?ght of this point if
further corrosion prevention_is needed_and, _the coercivity and squareness

at such pandithernal stability of thediln of Jgures BASG 1S WERPAY i t has been found
that it is not generally necessary to have the highest orientation ratio 20
achi evable. Wiile a higher orientation ratio generally results in_ higher
coerci vi ty andAlthqugh e escentsimadritiog dias partipuler adsantage tmmedie formedavidhy) 'y wi | |
not provide sufficiently inproved nagnetic performance to justify a
signi fi cagluh@diGlbARes! the pRISERTHeHMiBA BYE e AR inZredia with any type of texture
(e.g. radial texture, random texture, or other) by providing for excellent tribological
10  performance and low corrosion as described herein. These advantages are of particular

importance as fly heights are reduced.

Example

On a 3 1/2 inch diameter magnetic media disk formed of amorphous glass, the

lower layer is formed of nickel niobium and may be, for example, between about 25

15  angstroms and about 5,000 angstroms thick, more preferably in the range of about 100
angstroms to about 2000 angstroms thick, and most preferably in the range of
approximately 500 - 1500A thick. In this specific example, the lower layer is about 1000
angstroms thick. As mentioned early, the thickness is preferably such that the layer
provides sufficient thermal conductivity to mitigate the effects of baseline shift, but

20  preferably no greater than this to retain a smooth surface, reduce costs and increase

throughput, Moreover, a lower thickness results in lower internal stress of the layer.



08 JUL 2004 so that a trade-off of slightly lower orientation ratio for
reduced corrosion is acceptable. For exanple, As shown in Figure Zé: t’%ﬁ
nunber of corrosion sites is reduced to zero at approximtely 21d] NP 4
removal . Returning to Figure 7B, at 210A NiP renoval, the orientation
ratio is approximately 1.8, which will not result in significant

degradation of 5 nmagnetic perfor e fromt eak ApPiyout met el y
1.95 at appr oxheveihy lawerdayss %ﬂ@%ﬁmaﬂ?ﬁsf“ §<aéne?]¥’§h#ﬁ en%%etl (P%& ¢
performance is achieved with excellent corrosion resjstance, |t 175

gener al | y29gigsttefistaabeuttl000 pagsaomstthick rraotegrefersbly ndherngnPhai%h /7 at i o
maxi ma as the nunber of corrosion sites increases while the orientation

ratio decregﬁﬁgfswlﬁ?g@@gggégrke ick A5 fASmbdt prefrably ifleis magd ef to operate

somewhat tF°the | e for 10 process tine reduction (throughput

i ncrease) or other reasqns,if. th oerci.uit : i are
within aém@ﬁmaéelyilﬂﬂrgpsétﬁ”ﬁgyﬁh &PB%%E&S%‘?“?@% ﬂejgﬁgﬁo g?%tdgggl}tngsgreater

degree of texturing if other inprovenents are utilized in, e,g., the
cryst & | ogeibmsakick o Mubaiasideposited thickneay inay be usadiependiag EPQ%’rthgr&@r‘?BPﬁ c
| ayers of the nmedium such that the orientation ratio for such 15 nediumis

greater th 4 Bheib d8sf @deda gi ven extent of texturing. In
Bl 50 s

ot her wo ) I chireving high orientation ratio with snmall grooves
will particularly benefit fromthe corrosion prevention offered by the

present invention, as it .can be textur : t firh Glver
corrosi on cont rﬁef}ermwrlgaﬁ?WFﬁ? ﬁ’é’%‘?&"feg??e‘f“gd%‘?g‘ﬁ }g?ilgirﬁrh{]?gﬁﬁr at i gs.
Fi gures 8A, 8B and 8C show Ni P renoval as a_function of text ;‘J@:HJEE MT
20 ori ent ghichas CaMo) isdisposed abevedhe ViP fayer. r b CHPTIYR YT AT P SFCor'r osi on
sites as a function

about 50 angstroms and about 500 angstroms thick, and more preferably between about

10 100 angstroms and about 200 angstroms thick. In this specific example, the chromium

layer is about 150 angstroms thick.

A magnetic layer containing a cobalt alloy is disposed above the chromium layer.
This cobalt alloy layer may be between about 50 angstroms and about 300 angstroms
thick, and more preferably about 100 angstroms and about 200 angstroms thick. In this

15  specific example, the cobalt alloy layer is about 150 angstroms thick.

It will be appreciated that different thickness of the layers, materials and other

layers may be used in addition to or instead of those described above.
Industrial Application

The inventive magnetic disk disclosed herein may be employed in magnetic disk

20  drives. In one exemplary impiementation, one or more of the inventive magnetic disks

28



of NiP renoval, respectively, for the nedia described in relation to Table
1, having an as- deposited Ni P | ayer thickness of approxinmately 200A. As
can be seen, the results parallel 26 0 8 JUL 2004 those shown for tUrBeJUL 2004
thicker NiP |l ayer shown in Figures 7A - 7C. Note that the maxi num
orientation ratio of the 200A filmof Figures 8A - 8Cis not as great as
that of the 300A filmof Figures 7A - 7C. This may be due to the fact that
t he 200Amnfay/beymeuntesoin pspndleewhishis fotgtedhby § meteyat &?@66%%“25?@@9’8%8& 0
achieve the same, high orientation ratio. However, the orientation ratio
IS still of pbRf Le\!gl 10, B 00RPMERdnbre). @5 bEMIdrd REd drithdads haybeimeuntedh t her nal
stability of the fillmof Figures 8A - 8C is very good. Al though the present
i nvention has rticul ar ,advant age i ' i . gr ooves,
the pres8ES; ?Fﬁﬁ“ﬁﬁg?oo@%?l sre%%v&rﬁé%b%dgvm%{%ggﬁyp%ggggﬁm%ggﬁjre (e.qg.
radi al texture, randomtexture, or other) by providing for excellent

t ri bol ogimahtivel Gagmstit disketn perform reagin agriingLf daede thejB¥eHEei n. These

advant ages are of particular inportance as fly heights are reduced.

Exanpd e Quofert dible. TRCEbrijoneRis @hd Bperacibh of fiesk maglietik diskidnives ik amor phous
gl ass, the  lower layer i's formed of nickel niobiumand may be, for

exanpl e, between ,about. 25,15 an r 9, s b bEK,
more pr efEREGHONA goﬁﬁem%%én%?&%ou@i%%&s%ﬁg%}n rrg qtgléﬁgggh{&g%go
angstrons thick, and nost preferably in the range of, aﬁggxi mately 500 -
1500A t hiseme exemplaiysmagnstic fisk dvanpiay beropained fyrreyisyme ¥o- aB6HE 1000

4,949,202 (Kim); 5,025,335 (Stefansky); 5,027,241 (Hatch), all of which are incorporated

herein by reference.

10 While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents that fall within the
scope of this invention. Individual aspects of any described embodiment may be used in
any other embodiment. It should also be noted that there are many alternative ways of
implementing the methods and apparatuses of the present invention. It is therefore

15 intended that the following appended claims be interpreted as including all such
alterations, permutations, and equivalents as fall within the true spirit and scope of the

present invention.
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angstronms thick. As nmentioned early, the thickness is preferably such that
the layer provides sufficient thernmal conductivity to mtigate tbﬁ ‘gjlfﬁmts
of baseline shift, but 20 preferably no greater than this to reta

snmoot h surface, reduce costs and increase throughput. Moreover, a |ower
thickness results in |lower internal stress of the layer. 27 0 8 JUL 2004
Above the lower layer, the NNP |layer may be, for exanple, in the range of
about 25 angstronms to about 1000 angstrons thick, nore preferably in the
range of aboutClZ&IMA8ngstrons to about 300 angstrons thick, and nost
preferably in the range of approximtely 100 - 200A thick. In this specific
exanple, the NP layer is, about 150 5 angstrons thick. O her as-deposited

t hi ckness may Waat js sHumeh Bn di ng upon the anount of material renoved in the
texture process used. After downtrack texture grooves are forned in the Ni P
| ayer, a chromumlayer (such as CrM) is _disposed above the N P | ayer.

Thi s chroni um 1.ayerAmsthadfon fonming a magsetic diok i1 glata BorReSFARBETE 500
angstrons thick, and nore preferably between about 10 100 angstrons and
about 200 angstrons thick. In this specific exanple, the chromum layer is
about 150 a”%ﬁr@ﬂ?ﬁ%ﬂtﬂ%tm@ magnetic | ayer containing a cobalt alloy is

di sposed abov he rom umlayer. This cobalt alloy |layer may be between
about 50 angstrons and about 300 angstrons thick, and nore preferably

about 100 angsirons apd, about, 20Q . 1y lad iRi 9 fit& depreeidfi c
exanploe, thegcf%@‘f‘{g aaﬁ{sﬁéyf"a v ng%lagg%ﬁaw{g%agfrﬁ%gﬂ%%%?%i ck. Be

abrasion resistance, said first layer being substantially amorphous;

forming a second layer above said first layer, said second layer having a second

degree of abrasion resistance lower than said first degree of abrasion resistance; and

forming grooves in said second layer.

10
2. The method of claim 1 wherein said first layer comprises nickel niobtum.
3. The method of claim 2 wherein said substrate comprises glass.

15 4. The method of claim 3 wherein said substrate comprises glass ceramic.
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It will be appreciated that different thickness of the |ayers, materials
and other layers may be used in addition to or instead of those dgﬁﬁrpgﬁﬂu
above. Industrial Application The inventive magnetic di sk di scl ose e' i
may be enpl oyed in magnetic disk 20 drives. In one exenplary

i npl ementati on, one or nore of the inventive magnetic disks 28 0 8 JUL 2004
may be nmounted on a spindle, which.is rotated b a'mtoror%oéﬁ%ﬁe@? of
several thousdnds Tbe npethed ef gjaim § furthss cepRABRE & O5E Y "ot e
read-wite heads may be nounted on arns, which are actuated to nove the
read- W i 4g,NeafiPsutrse eelefied foasihtigony mnsisting ofea chiomismtdopt@iHBgnet i ¢ di sk
to performreading and/or witing of data to the inventive 5 magnetic di sk.
The conponents and_oper.at | j fsk.drives are

convent i & ‘FIEH(YS’E’ﬁ&aﬁgﬁi%y%gaﬁ%éﬁﬁgg%n%%#?agggi sks therein). Additional
information of sone exenplary magnetic disk drives may be obtai ned by
reviewing U S. Patents 4,949,202 (Kim; 5,025,335 (Stefansky); 5,027,241
(Hatch), all of which are incorporated herein by reference. 10 Wiile this
i nvention has been described in ternms of several preferred enbodinents,
there are alterations, pernutations, and equival ents that fﬁ&g wi thin the
scopesof this § nventheomethbdof viatinalwhesginstid sefonddgyeneempnieNiEnbodi nent may
be used in any other enbodinent. It should also be noted that there are
many alternative ways of inplenenting the methods and apparatuses of the
present invention. It is therefore

7. A magnetic disk for data storage, comprising:

a substrate;

a first layer disposed above said substrate, said first layer having a first

10  degree of abrasion resistance, said first layer being substantially amorphous; and

a second layer disposed above said first layer, said second layer having a
second degree of abrasion resistance, said first degree of abrasion resistance being higher

than said second degree of abrasion resistance, said second layer having grooves thereon.

15 8. The magnetic disk of claim 7 wherein said first layer comprises nickel
niobium.
9. The magnetic disk of claim 7 wherein said substrate comprises glass.



15 intended that the follow ng appended clains be interpreted as including
all such alterations, pernutations, and equivalents as fall within the
true spirit and scope of the present invention. 29 08 JUL 2004 CgAl Wk et
is clained is: 1. A nethod for formng a magnetic di sk for data storage,
conprising: providing a substrate; 5 formng a first |ayer above said
substrate, said first layer having a first degree of abrasion resistance,
said first layer being substantially anorphous; formng a second | ayer
above said first |layer, said second | ayer having a second degree of
abrasion resistance | ower than said first degree of abrasion resistance;
and forming grpgves Al magtid dskalive foesgt@ring data, 2omphieinget hod of claim 1
wherein said first |ayer conprises nickel niobium 3. The nethod of claim
2 wherein said substrate conprises glass. 15 4. The nethod of claim3

wherein sai d sybs r%ﬁfﬁé@@@%ﬁa QUiRte SRl feud Qidk sggggér)grsﬁlayglhe

met hod of cl ai i 1°8F sing Tormng ®ne or nor

disposed above said substrate, said first layer having a first degree of abrasion resistance,

5 said first layer being substantially amorphous, and a second layer disposed above said
first layer, said second layer having a second degree of abrasion resistance, said first
degree of abrasion resistance being higher than said second degree of abrasion resistance,
said second layer having grooves thereon, and a magnetic layer disposed above said

second layer;
10 a motor coupled to said magnetic disk for rotating said magnetic disk;

a read-write head configured to be disposed for reading data from and wrting data

to said magnetic disk;
an arm for holding said read-write head; and

an actuator for moving said arm so that said read-write head may be placed over

15  desired positions on said magnetic disk.

11.  The magnetic disk drive of claim 10 wherein said first layer comprises

nickel niobium.



above said substrate selected fromthe group consisting of. a chrom um
contai ning wunderlayer, a magnetic |ayer and a protective overcoat |ayer. 5
6. The nmethod of claim| wherein said second |ayer conprises N P. 0§ JUA2004
magnetic disk for data storage, conprising: a substrate; a first |ayer

di sposed above said substrate, said first |layer having a first 10 degree
of abrasion resistance, said first |ayer being substantially anorphous; and
a second | ayefsdi spgs@flo@BsBriiRpG thignstic RN Gr dakdterage,cofbrisager having a
second degree of abrasion resistance, said first degree of abrasion

resi stance being higher than said second degree of abrasion resistance,
sai d second Iayer.havi g%{Qoves thereon. 15 8. The magnetic disk of claim
7 wherein saiﬂqwq@ﬁafgg €conpri ses nickel niobium 9. The nagnetic disk
of claim?7 wherein said substrate conprises glass. 31 08 JUL 2004 10. A
magnetic disk drive for storing data, conprising: a nagne%jc i sk i.ncl udi ng
a substrate, frmingrafrselayer shovk saidrybstests: said ﬁﬁ“ﬁ%ﬁt“ hayiag 2 HF%‘%S?Ed’fabove
said substrate, said first layer having a first degree of abrasion

resi st angifasifn pedisthnte lsaid firdyRyerwinigiskighdsiani al | y anor phous, and a second

| ayer di sposed above said first |ayer, said second | ayer having a second
degree of abrasion resistance, said first degree of abrasion resistance

bei ng hi gher }'ohnezlﬁngs 2idosE &%paﬁ%%rsgﬁ 35t 124 A3 LR Pla§ LM g a second

degree of abrasion resistance lower than said first degree of abrasion resistance; and

forming grooves in said second layer.

13.  The method of claim 12 wherein said first layer comprises nickel niobium.

10

14.  The method of claim 13 wherein said substrate comprises glass.

15.  The method of claim 14 wherein said substrate comprises glass ceramic.
15 16.  The method of claim 12 further comprising forming one or more layers

above said substrate selected from the group consisting of: a chromium containing

underiayer, a magnetic layer and a protective overcoat layer.

L)
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sai d second | ayer having grooves thereon, and a magnetic |ayer disposed
above said second layer; 10 a notor coupled to said magnetic disk, og 004
rotating said magnetic disk; a read-wite head configured to be digéé EJ
for reading data fromand witing data to said nmagnetic disk; an arm for

hol ding said read-wite head; and an actuator for noving said arm so that
said read-wite head may be pl aced over 15 desired positions on said
magneti c disk. 11. The magnetic disk drive of claim 10 wherein said first

| ayer conprises nickel niobium 32 08 J UL 2004 12. A method for form ng a
magnetic disk for data storage, conprising: providing a substrate; formng

a fast |ayer ﬁOVeyﬁéhféﬂﬁﬁ%?tc[ﬁﬁleﬁ Whéreinf saldssecdralieyeriramprigesaNP. r st degr ee

of abrasion resistance, said first |ayer conprising niobium 5 formng a

second | ayer above said first |ayer, said second |ayer having a second
degree of abrasion resistance |lower than said first degree of abrasion
resi stance; and 10 form ng grooves in said second |layer. 13. The nethod of
claim12 wherein said first |layer conprises nickel niobium

18. A magnetic disk for data storage, comprising:

5 a substrate;

a first layer disposed above said substrate, said first layer having a first

degree of abrasion resistance, said first layer compnising niobium; and

a second layer disposed above said first layer, said second layer having a

second degree of abrasion resistance, said first degree of abrasion resistance being higher

10  than said second degree of abrasion resistance, said second layer having grooves thereon.

19.  The magnetic disk of claim 18 wherein said second layer comprises NiP.

20. A magnetic disk drive for storing data, comprising:

15 a magnetic disk including a substrate, said magnetic disk comprising a first layer

disposed above said substrate, said first layer having a first degree of abrasion resistance,

said first layer comprising niobium, and a second layer disposed above said first layer,

said second layer having a second degree of abrasion resistance, said first degree of



14. The met hod of claim 13 wherein said substrate conprises glass.. 131 @E‘e
- method of claim 14 wherein said substrate conprises glass ceram c 08 4L 8
The nethod of claim 12 further conprising formng one or nore |ayers above
sai d substrate selected fromthe group consisting of. a chrom um contai ni ng
under| ayer, a magnetic |layer and a protective overcoat layer. 08 JUL 2004
5 17. The nethod of claim 12 wherein said second | ayer conprises NiP. 18. A
magneti ¢ gbgakichQesistatcd teing ldgiter teonaid scogd degresofbtasamaesistande; said| ayer

di sposed above said substrate, said first |layer having a first degree of
abr asi on resi st,ance, sai I Y. ¢S WalaY] Whidssa@nd

| ayer di 556?5' l%%@%wggig%mffv:egrgitrﬁlogy%{d,é:@g?ﬁ t%é@%rﬁglngg'fg?b?}avi n‘gsa second
degree of abrasion resistance, said first degree of abrasion resistance

bei ng hi ghayer; 10 t han sai d second degree of abrasion resistance, said
second | ayer having grooves thereon. 19. The nmagnetic disk of claim18
wherein said second | ayer conprises NiP. 20. A magnetic disk drive for
storing data, GOmBloksouded thsail magedt diskdbsiotatingl saidi magnetie diskt r at e, said
magneti c di sk conprising a first |ayer disposed above said substrate, said
first layer having a first degree of abrasion resistance, said first |ayer

conpri gi ng ni obyj um andhy 24586880l &Y 6E didh5RAToteANIAY Bat Foth And wiitihg s,

to said magnetic disk;
an arm for holding said read-write head; and

an actuator for moving said arm so that said read-write head may be placed over

desired positions on said magnetic disk.

10

21.  The magnetic disk drive of claim 20 wherein said first layer comprises

nickel niocbium.

22. A method for forming a magnetic disk for data storage, comprising:

15 providing a substrate;

forming a first layer above said substrate, said first layer having a first degree of

abrasion resistance;
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said second | ayer having a second degree of abrasion resistance, said first
degree of 34 08 JUL 2004 abrasion resistance being higher than Saidéf@gﬁqu4
degree of abrasion resistance, said second |ayer having grooves th ;
and a magnetic |ayer disposed above said second |ayer, a notor coupled to
said magnetic disk for rotating said magnetic disk; 5 a read-wite head
configured to be disposed for reading data fromand witing data to said
magneti c disk; .an.arm f or . hol di d S : ; bad@t or for
movi ng sai d ar fTEEE %§°°§%P336$ ek F\%mglld?ﬁergﬁg)g%%‘%/&gg%gﬁ %@%q(% %desi red
positions on said magnetic disk. 10 21. The magn th di sk .drive of claim 20
wher ei n sdegres bfdﬂﬂ@y@ﬁlsﬁcmh“?é@aﬁis&@éiﬁﬁﬂe&fﬁe&%\a B5100 KEHBRIESHEDr £ or i ng
a magnetic disk for data storage, conprising: 15 providing a substrate;

form ng asgciohgqa}de@y@ﬁpm/ﬁcﬁgg ghdsubstrate, said first layer having a first
degree of abrasion resistance; 35 0 8 JUL 2004

forming grooves in said second layer.

5
23.  The method of claim 22 wherein said second layer comprises NiP.
24.  The method of claim 22 wherein said substrate comprises glass.
10 75, The method of claim 24 wherein said substrate comprises glass ceramic.
26.  The method of claim 22 further comprising forming one or more layers
selected from the group consisting of: a chromium containing underlayer, a magnetic
layer and a protective overcoat layer.
15

27. A magnetic disk for data storage, comprising:

a substrate;
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form ng a second | ayer above said first |layer, said second | ayer having a
second degree of abrasion resistance |ower than said first degre88afil 2004
abrasion resistance, said second |ayer conprising nickel; and form ng
grooves in said second |ayer. 5 23. The nethod of claim 22 wherein said
second | ayer conprises NiP. 24.The nethod of claim 22 wherein said
substrate conprises glass. 1025. The nethod of claim24 wherein said

substrate conpri sesq@ @g& cfiTﬁfoaéH #bove GaidRabdiRid) eald Eirstdhyrr huidg & dirsther
conprising form ng one or re |l ayers selected fromthe group consisting

of . a chrom um containing underlayer, a nmagnetic |ayer and a protective
overcoaldeﬁﬁé??b@g"??‘?ﬂs ic disk for data storage, conprising 36 08
JUL 2004 a first |ayer disposed above said substrate, said first |ayer
having a first degree of abrasion resistance; and a second | gyer di sposed
above said first laseeond lgpérdlispsaeshebovayeid fistipyey, sid %eée’éfﬂlﬂyﬂgér"glﬁ Df
abrasi on resi stance, said second |layer conprising nickel, said first 5
degr ee %Ec&*arc&géafbﬁ&%si%h%ﬁa&a £ Sicohe laybhevimsriving welodmidifigr ee of
abrasion resistance, said second |ayer having grooves thereon.

5  degree of abrasion resistance being higher than said second degree of abrasion resistance,

said second layer having grooves thereon.

28.  The magnetic disk of claim 27 wherein said second layer comprises NiP.

10 29.  The magnetic disk of claim 27 wherein said substrate comprises glass.

30. A magnetic disk drive for storing data, comprising:

a magnetic disk including a substrate, said magnetic disk comprising a first layer
disposed above said substrate, said first layer having a first degree of abrasion resistance,
15  and a second layer disposed above said first Jayer, said second layer having a second
degree of abrasion resistance, said second layer comprising nickel, said first degree of
abrasion resistance being higher than said second degree of abrasion resistance, said

second layer having grooves thereon, and a magnetic layer disposed above said second

layer;



28. The magnetic disk of claim27 wherein said second | ayer conprises N P.

10 29. The magnetic disk of claim 27 wherein said substrate conpri 00
gl ass. 30. A magnetic disk drive for storing data, conprising: a @Sﬁ?éﬂl

di sk including a substrate, said magnetic disk conprising a first |ayer

di sposed above said substrate, said first |ayer having a first degree of

abrasion resistance, 15 and a secqng. er di sposed .said first |ayer,
sai d second Iaalytnormlwoéa@éﬁﬁﬂﬁncg@g?&é"@@ﬁﬁ?@ﬂﬁgﬁég}sgi ance, said

second | ayer conprising nickel, said first degree of abrasion resistance
bei ng hi gher than said second degree of abrasion resistance, said, second

| ayer havi ng ,geqpveite badreonfiguradth be dinpused far readieg deta Sossant WHBDE 98%; ¢
second layer; 37 08 JUL 2004 a notor coupled to said nagnetic disk for
rotating?sahd nagge%%g_disk; a read-wite head configured to be di sposed
for read? iy Faeacts 'and witing data to said magnetic disk; an armfor
hol ding said read-wite head; and 5 an actuator for noving said arm so that
said read-wite head may be, pla ed.ove%_ desired positions on said magnetic
di sk. 31. Thenrampder heldmeswridfead@ritt PA%LA 30 wherein said first |ayer
conprises NiP. 10

5 an actuator for moving said arm so that said read-write head may be placed over

desired positions on said magnetic disk.

31.  The magnetic disk drive of claim 30 wherein said first layer comprises

NiP.

10

32 A method for forming a magnetic disk for data storage, comprising:

providing a substrate;

forming a first layer above said substrate, said first layer having a first degree of

abrasion resistance;

15 forming a second layer above said first layer, said second layer having a second

degree of abrasion resistance lower than said first degree of abrasion resistance, wherein a

surface of said second layer has an Ra roughness of 50A or less following formation

thereof; and
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32. A nethod for form ng a magnetic disk for data storage, conprising:
providing a substrate; formng a first |ayer above said substrate, .said
first layer having a first degree of abrasion resistance; 15 fornd BglUh 2004
second | ayer above said first |ayer, said second |ayer having a second
degree of abrasion resistance |lower than said first degree of abrasion
resi stance, wherein a surface of said second |ayer has an Ra roughness of
50A or less follow ' i ; id 38 08 JUL 2004 formng
grooves in said sec%iﬁ%%%&%?éﬁﬂgéﬁ?%%pof claim 32 wherein said
substrate conprises glass. 534. The nethod of claim 32 wherein said Ra
roughness is 25A or less. 35.The nethod of claim 32 wherein said Ra
roughness is | OA or less.. 36.A nagnetic disk for data storage,
conprising- 10a substrate; a first |layer disposed above said substrate,
said first layer having a first degree of abrasion resistance; and a second
| ayer di sposed3?abov'Ehesuiethoﬂiofstaimégeﬂfher@iaisﬁd%b%ﬁ@ qommsiseh&8idhg a second
degree of abrasion resistance, said first degree of abrasion resistance
bei ng hi gher 15 than said second degree of abrasion resistance, wherein
said second | ayer has an Ra

5 34.  The method of claim 32 wherein said Ra roughness is 25A or less.

35.  The method of claim 32 wherein said Ra roughness is 10A or less..

36. A magnetic disk for data storage, comprising:
10 a substrate;

a first layer disposed above said substrate, said first layer having a first

degree of abrasion resistance; and

a second layer disposed above said first layer, said second layer having a
second degree of abrasion resistance, said first degree of abrasion resistance being higher
15  than said second degree of abrasion resistance, wherein said second layer has an Ra

roughness of S0A or less following formation thereof, said second layer having grooves

thereon.
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roughness of 50A or less followng formati on thereof, said second | ayer

havi ng grooves thereon. 39 08 Jul 2004 37. A magnetic disk drive (qPJULzm4
storing data, conprising: a magnetic disk including a substrate, sai
magneti c di sk conprising a first |ayer disposed above said substrate, said
first layer having a first degree of abrasion resistance, and a second

| ayer di sposed above said first |ayer, said second | ayer having a second 5

degree of abr on resistance [ [ ihdyer has an Ra
roughness of g@A or‘&lli'agggn? ‘F’i‘é‘}}ﬁﬁ%g&%@t@?ﬁ@?ﬁg‘%o ., said first degree of

abrasion resistance being higher than said second degree of abrasion

resistance, said second |ayer havin rooves thereon, and. a |.c | ayer
di sposed abovea gagattisalisiaciudipg sugs ,5?1ddgwegaﬁ{sg cgwgs%aﬁﬁqgﬁai sk for
rotating said magnetic disk; 10 a read-wite head configured to be disposed

for readi igpsad abdveQaidanBstid, shiddirstebyerhavingiadinedpgetei of abifasion resistaR® f or
hol ding said read-wite head; and an actuator for noving said armso that

said read-wite head r ' br I EngOsegahdl magneti c
di sk. 15 .aW%‘fﬁﬁgﬁ%%o%dogrﬁ%gS’Qg%ng[é%%?%sc{i%ﬂﬂ?%? dat a g(s)‘?%r age,

conpri si ng: roviding a substrate; .
™ 5 gegreepof abrasiongresistance, wherein said second layer has an Ra roughness of 50A or

less following formation thereof, said first degree of abrasion resistance being higher than
said second degree of abrasion resistance, said second layer having grooves thereon, and

a magnetic layer disposed above said second layer;
a motor coupled to said magnetic disk for rotating said magnetic disk;

10 a read-write head configured to be disposed for reading data from and writing data

to said magnetic disk;
an arm for holding said read-write head; and

an actuator for moving said arm so that said read-write head may be placed over

desired positions on said magnetic disk.
15
38. A method for forming a magnetic disk for data storage, comprising:
providing a substrate;

forming a first layer above said substrate, said first layer having a first degree of

abrasion resistance;
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formng a first |ayer above said substrate, said first |layer having a first
degree of abrasion resistance; 40 08 JUL 2004 form ng a second Iggqmlqmmve
said first layer, said second | ayer having a second degree of abrasion
resi stance |l ower than said first degree of abrasion resistance, said
second |l ayer formed to a thickness of approxi mately 500A or |ess; and
formng grooves in said second layer. 5 39. The nethod of claim38 wherein
said first layer is a |layer co | Si | ckel . 0iqhi aget hod of
cl ai m 38 wher efgﬂmggia&“éqf%@ﬂeétagg‘geo%ip&;lﬂ?é%ygﬁ’ g’ég .Seéyfgm#gga‘ﬁrrg% ﬁgé}%of claim
38 wherein said second |ayer conprises N P. 42. A nagnetic disk for data

st or age, degrepof sbmsjon resistanse dowerdhan saigfirst degree g as%‘?%ﬁf%@ﬁcea%‘\qe sai d
substrate, said first layer having a first degree of abrasion resistance;
and a seGegthd! 12Ye@ Toriticdne 2K cRIRAY of sproxifdately S0@4 er lessand second | ayer
having a second degree of abrasion resistance, said first degree of
abrasi on resi stance bei ng hi gher 41

forming grooves in said second layer.

5
39.  The method of claim 38 wherein said first layer is a layer comprising
nickel niobium.
40. The method of claim 38 wherein said substrate comprises glass.
10
4]. The method of claim 38 wherein said second layer comprises NiP.
42. A magnetic disk for data storage, comprising:
a substrate;
15 a first layer disposed above said substrate, said first layer having a first

degree of abrasion resistance; and

a second layer disposed above said first layer, said second layer having a

second degree of abrasion resistance, said first degree of abrasion resistance being higher
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08 JUL 2004 than said second degree of abrasion resistance, said second

| ayer having a thickness of approxinmately 500A or |ess, said secagd d&aﬁﬁ)‘r
havi ng grooves thereon. 43. The magnetic disk of claim42 wherein al

first layer conprises nickel 5 niobium 44. The magnetic di sk of claim42
wherein said substrate conprises glass. 45. A magnetic disk drive for
storing data, conprising: 10 a magnetic disk including a substratf, sai d
magnet | enadisald se0om depiretgofabtasion resistanee, sali serond deyspbeng ackE P at e, said
first layer having a first degree of abrasion resistance, and a second

| ayer dis saiitof LE ii cesdhdrayer having a second
degree 8?15)@%‘?%%?1%?0?‘&5(?31%%%?&%%%?aggl;:gﬁ’dﬁkl%ser havi ng a thickness of
approximately 500A or less, said first degree of abrasion resistance being
hi gher than said second degree 15 of abrasion resistance, said second | ayer
havi ng grooves thereon, and a magnetic |ayer disposed above said second

| ayer, a notor coupled to said magnetic disk for rotating said nagnetic

di sk; a read-wite head configured to be disposed for readi.ng data from and
witing data4go saltk magnett diskaif sleim4?2 wiergsad dost 1§YFT§PWP8$Sm§fe§i ng said
read-write head; and an actuator for noving said armso that said
readswring&i&ﬁgd may be pl aced over

44.  The magnetic disk of claim 42 wherein said substrate comprises glass.

45. A magnetic disk drive for storing data, comprising:

10 a magnetic disk including a substrate, said magnetic disk comprising a first layer
disposed above said substrate, said first layer having a first degree of abrasion resistance,
and a second layer disposed above said first layer, said second layer having a second
degree of abrasion resistance, said second layer having a thickness of approximately
5004 or less, said first degree of abrasion resistance being higher than said second degree

15  of abrasion resistance, said second layer having grooves thereon, and a magnetic layer

disposed above said second layer;
a motor coupled to said magnetic disk for rotating said magnetic disk;

a read-write head configured to be disposed for reading data from and writing data

to said magnetic disk;
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desired positions on said magnetic disk. 46. The magnetic disk drive of
claim45 wherein said first |ayer conprises nickel niobium 47. Method of

claims 1, 12, 22, 32 or 38, further conprising formng a |ayer cony89Uhgll4
chrom um above said second |ayer. 48. Disk of clainms 7, 18, 27, 36 or 42

further conprising a |layer conprising chrom um forned above said second
| ayer. 49. Disk drive of clains 10, 20, 30, 37 or 45 further conprising a

| ayer CO”pr;nS;rg orCQ&SQg”sg}Jr%JI%%té‘ﬁ’e%}é?mﬁ?' d second | ayer. 43

an actuator for moving said arm so that said read-write head may be placed over

desired positions on said magnetic disk.

46.  The magnetic disk drive of claim 45 wherein said first layer comprises

nickel niobium.

47. Method of claims 1, 12, 22, 32 or 38, further comprising forming a layer

comprising chromium above said second Jayer.

48.  Disk of claims 7, 18, 27, 36 or 42 further comprising a layer comprising

chromium formed above said second layer.

49. Disk drive of claims 10, 20, 30, 37 or 45 further comprising a layer comprising

chromium formed above said second layer.
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