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1 ' SPUTYER TEXTURED MAGNETI C RECORDI NG MEDI UM

Techni cal WQI7%p20Ss "~ The present invention rel ates tSCTfS96/20159
recordi ng, storage and reading lof magnetic data, particularly
rot at abl e magnetic recording nedia, such as thin film 5 magneti c

di sks having textured surfaces for contact with cooper ati ng
magneti c transduci ng heads. The invention has particular
applicability to high density magnetic recordi ng nmedia exhibiting
| ow noi se, and reduced flying hei ght s. 10 Backaround Art
Magnetic disks and disk drives are conventionally ' enployed for
storing data in nNERRiTeRe PR TIRES M2 g e y hore disks
are rotated on a cenfra i YO T T oat a
transduci ng - heads 15 p05|t|oned in close prOX|n1ty to the recording

sur f aces

Technical Field
The present invention relates to the recording,
-storage and reading' of magnetic data, particularly
rotatable magnetic recording media, such as thin film
5 magnetic disks having textured surfaces for contact with
cooperating magnetic transducing heads. The invention
has particular applicability to high density magnetic
recording media exhlbltlng low noise, and reduced flylng

heights.
10 . Background .Art

Magnetic disks and disk drives are conventionally
employed for storing data ‘in magnetizable form.
Typically, one or more disks are rotated on a central
axis in combination with data transducing heads

15 ~positioned in close proximity to the recording surfaces
of the disks and moved generally radially with respect
thereto. Magnetic disks are usually housed in a magnetic
disk unit in a stationary state with a magnetic head
having a specific load elastically in contact with and

20 pressed against the surface of the disk.

In operation, the magnetic disk is normally driven
by the contact start stop (CSS) method, wherein the head
begins to slide against the surface of the disk as the
disk begins to rotate. Upon reaching a predetermined

25 high rotational speed, the head floats in air at a
predetermined distance from the surface of the disk due
to dynamic pressure effects caused by the air flow



of the disks and noved generally radially with respect t her et o.
Magnetic disks are usually housed in a nagnetic disk unit iL,n a
stati onawqg9wsimse wWith a nmagnetic head havi ng a speCTAUS26/2085%]

el astically in contact with and 20 2 pressed against the surface of the
di sk. I n operation, the magnetic disk is normally driven
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begins to slide against the surface of the disk again and

eventually stops in contact with and pressing against the

15 disk. Thus, the transducing head contacts the recording

surface whenever the disk is stationary, accelerated from

a stop and during deceleration just prior to completely

stopping. - Each time the head and disk assembly is

driven, the sliding surface of the ‘head repeats the

20 cyclic operation consgsisting of stopping, sliding against

'the surface of the disk, flo_ating in the air, sliding
against the surface of the disk and stopping.

It is considered desirable .during reading and

recording operations to maintain each traneducing head as

25 close to its associated recording surface as possible,

i.e., to minimize the flying height of the head. This

objective becomes particularly significant as the areal

recording density increases. ‘The areal density

(Mbits/in?) is the récording density per unit area and is

30 equal to the track density (TPI) in terms of tracks per

inch times (x) the linear density (BPI) in terms of bits

per inch. Thus, a smooth recording surface is preferred,

-as well as a smooth opposing surface of the associated

transducing head, thereby permitting the head and the

35 disk to be positioned in closer proximity with an

attendant increase in predictability and consistent



eventual ly stops in contact with and pressing against the 15 di sk.
Thus, the transducing head contacts the recording surface whenever
t he di sk WO ¥¥R0%onary, accelerated from a stop and Pﬂ?"?ﬁ”‘“
deceleration just prior to conpletely 3 st oppi ng. Each tinme the
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assochat ed hei, hg.ransdu'ci ng head, thereby permtting the head and the 35
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i ncrease in predi ctBbioyder £ snsEY chitese competiygoobiegtives, the

PCT/ US96/ 2015%ecording surfaces of magnetic diskd ad®he¥heént®bnalile air
bearing supporting e  .head. h dI-|0 ver, _anot her fa%toi;1 og;rdat S
agai nst t hat (Hﬁoevc’tq%é."uth a roughened surface to reduce the heat/dis

friction by techniques referred to as "texturing."

15 Conventional texturing techniques involve polishing the
surface of a disk substrate to provide a texture thereon
prior to subsequent deposition of coatings, such as an
underlayer, magnetic layer, carbon overcoat and lubricant
topcoat_, .wherein the textured surface on the substrate is

20 reproduced on the surface of the magnetic disk.

A typical magnetic recording medium is depicted in

Fig. 1 and comprises a substrate 10, typically an
aluminum (Al)-base alloy, such as an aluminum-magnesium

_ (Al-Mg) alloy, plated with a layer of amorphous nickel-

25 .phosphorous {NiP) . Substrate 10 typically contains
sequentially deposited the_rebn a chromium (Cr) underlayer
11, a cobalt (Co)-base alloy magnetic layer 12, a
protective carbon overcoat 13 and a lubricant topcoat 14.
Cr underlayer 11, Co-base alloy magnetic laiyer 12 and

30 protective carbon overcoat 13 are typically deposited by
sputterixig techniques. A conventional Al-alloy substrate
is provided with a NiP plating primarily to increase the
hardness of the Al substrate, serving as a suitable
surface for polishing to provide the requisite surface

35 roughness or texture, which is substantially reproduced
on the disk surface.



I f the head surface and recording surface are too flat, t he
preci sion match of these surfaces gives rise to 5 excessive stigtion
and fri ovoom3zbssi ng the start up and st oppi ng phas®CTUSI6RRLSH

causi ng wear to the head and recgrdi ng surfaces eventual ly | eading
to what is referred to as a "head crash. " Thus, there are conpeting
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mechanical texturing- techniQues._are attendant with

numerous disadvantages. For example, it is extremely
20° difficult to provide a clean  textured surface due to
debris formed by mechanical abrasions. Moreover, the

- surface inevitably becomes scratched during mechanical
operations, which contributes = to poor glide
characteristics and higher defects. In addition, various

25 desirable substrates are difficult to process by
mechanical texturing. This undesirably limiting facet of
mechanical texturing, virtually excludes the use of many
inexpensive substrates as well as conductive graphite
substrates which facilitate achieving high coercivities.

30 Alternative texturing techniques to mechanical
processing have been attempted. One such alternative to
mechanical texturing involves the use of lasers. See,
for example, Ranjan et al., U.S. Patent No. 5,062,021.
Another alternative to mechanical téxturing is disclosed

35 by Lal et al., U.S. Patent No. 5,166,006, and involves
chemical etching. Such alternative technigques have
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4 The escal ating requirenents for high areal recordin

derrsi ty i 'WOSH3R56r easi ngly greater requirenments on thin PCT’“?%‘?W”
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cl ean _t.ext ured surf&e due. t
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desirable subsirates are di fficul,t to praqcess y . , :

' disadvantages and limitations of converitional texturing

techniques, such as mechanical texturing, which method is

15 applicable_ to a variety of substrates, including

electrical conductive graphite substrates.

Disclosure of the Invention
-An object of .the present invention is a textured
magnetic recording medium exhibiting low noise, high
20 - coercivity, improved flying characteristics and improved
| sliding-wear-resistant characteristics.
Another object of the present invention is a method
- of manufacturing a textured magnetic recording wmedium
exhibiting low noise, high coercivity, improved floating
25 characteristics and improved sliding-wear-resistant
characteristics. _
Additional objects, advantages and other features of
the invention will be set forth in -part in the
~ description which follows and in part will become
30 - apparent to those having ordinary skill in the art upon
examination of the following or may be learned from the
practice of the invention. The objects and advantages of
the invention may be realized and obtained as
particularly pointed out in the appended claims.
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layer formed on the sputtered layer.
A further object of this invention is a method of
15 manufacturing a magnetic recording medium, which method
comprises: -depositing a metallic layer on a non-magnetic
substrate so that the deposited magnetic layer has a
textured surface comprising a plurality of protrusions;
.. . and forming a magnetic  layer on thé deposited metallic
20 layer. L
Another aspect of the present invention is a method
of manufacturing a magnetic reéording medium, which
method comprises: sputter depositing a metallic layer on
a non-magnetic substrate, so that the sputtered metallic
25 layer has a textured surface comprising a plurality of
protrusions; and forthing a magnetic layer on the
sputtered metallic layer. '
Another aspect of the present invention is a method
of manufacturing a magnetic. recording medium, which
30 method comprises: sputter depositing a Ti or Ti-base
alloy'on a non-magnetic substrate, so that the sputtered
Ti or Ti-base alloy has a textured surface comprising a
plurality of protrusions; and forming a magnetic layer on
the sputtered Ti or Ti-base layer. _
35 Additional objects and advantages of the present
invention will become readily apparent to those skilled
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el ectrical conductive graphite substrates. Di scl osure,_of the
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and advant ages inventi tealize obt ai ned
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10 . . .
ot her O%J ects are achieved I n part by a nagnetic recordi ng medi um
conprising: a non-nmagnetic substrate; a

Brief Description of Drawi
Fig. 1 schematically depicts a conventional magnetic

recording medium structure. .
Fig. 2 schematically depicts a magnetic recording
15 medium structure in accordance with the present
invention. _

- Fig. 3 illustrates a cross-sectional view of a line
scan of the sputtered textured surface deposited in
accordance with the present invention. _

20 - Fig. 4 illustrates a top view of the sputtered

textured surface formed in accordance with the present
invention.

Fig. 5 represents a graph showing the results of
glide testing on sputter textured disks in accordance
25 with the present invention.

Description of the Invention
The present invention provides a textured magnetic

recording wmedium having high coercivity, low noise,
improved flying characteristics and improved sliding-
30 wear-resistant characteristics, by an efficient, cost-
- effective method which can be easily integrated into
conventional manufacturing methodology. Moreover, the
present invention provides a magnetic recording medium
having a relatively uniform and controllable surface
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20 layg{xbst ates. Anot her aspect of the present invention is a

met hod OF Svanuf act ur i ng a magnetic recordi ng medi um which

met hod conpri sesIn freexdanepovitinghe npresent [iayentdon, a nona

non- magnet i ﬁa@ﬂ@%tl@bﬁbsigattléal st Efo%ﬁ?ﬂ&&%f@h B uthizetP sursf aée.a)': has a
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- manuf act uri n [ rdi_ng met hod, conpri ses:
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become r eadirey-cidiidice tiediam tRseusk thed:ubsequentl_y applied layers,
such as an underlayer, magnetic layer, carbon overcoat

and lubricant topcoat. The sputtered metallic layer
having._-protrusions extending therefrom is referred to
20 herein as a "bump layer."®

In an embodiment of the present invention, a "bump
layer is advantageously sputter deposited directly on a
non-magnetic substrate, without the need of a seed layer.
Thus, in accordance with the present invention, a bump
25 layer is sputter-deposited by controlling the process
pérame’cers, without regard to the relative surface
characteristics of the substrate vis-a-vis the sputtered

layer.
The bump layer of the present invention can be
30 advantageously deposited on a wide variety of substrates,
such as conventional NiP plated Al-base alloy substrates
as well as glass, glass-ceramic materials and,
electrically conductive graphites. The general
applicability of the present invention to a wide variety
35 of substrates offers the economic advantage of selecting
relatively shock-resistant glass and glass-ceramic
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textured surface comprising a substantially uniform
pattern of controlled protrusions. Advantageously, the
protrusions are controlled to a diameter of about 2 to
about 10 microns, and to a height of about 30 to slightly

15 in excess of about 100A. The bump layer of the present
invention can also be sputtered on metallic substrates,
such as Al with or without a Cr underlayer. Thus, the
bump layer of the present invention can be applied
directly to a conventional substrate comprising an Al-

20 base alloy plated with NiP. o

- After extensive experimentation, it was found that
a sputtered metallic bump layer can be formed on various
substrates without regard to the particular material of
_the substrate. More particularly, it was discovered that

25 a texture comprising a plurality of éubstantially uniform
protrusions can be sputter deposited, and the shape and
distribution of the protrusions controlled by appropriate
adjustment of process parameters, such as the heat input
to the. substrate and the thickness of the sputtered

30 metallic layer prior to formation of the protrusioné.
The heat input to the substrate can be controlled by
various techniques, as by controlling the speed at which
the substrate is passed in proximity to a radiant heater,
periodic application of heat energy, induction heating

35 and pulsed laser heating. The particular type of heating



25 with the present invention. Description of the Invention

The present invention provides a textured nmagnetic - recordi ng, medi um
havi ng lwgb7smsscivity, |ow noise, i nproved flyi ng pciTADSYEREGISDSt i CS
and i nproved sliding- 30 wear -resiggant characteristics, by an
efficient, cost- effective nethod which can be easily integrated
into - meAne astig Diyped rmufmwféiélgtmmﬁaelmaqom:@@yﬁicﬁhhco
present iny [ e etic recording nedium aving a
relatively %‘%f%ﬁbgég#%oﬁ?ggﬁggl e surface WO 97/ 32055

PCT/ US96/ 20159 The optimuxt théckpessneefiodhehi shubteredatrmstabbic
di sadvant agesyer condidiFdddy HRYMaEAREN Econgko&%ggbhgg ﬁsﬁh%gues

such as nmechani cal  processi ng vant ageous € present
i nvént i on idetgrmines| by, soRF¥elddnget fh@f Wtat GPC?}Ver duringal s,

s:Jch as g: Ia§p_u:tgdzﬁ;fs:sgc«alsnam subBt patél Traivel speed.Si 9ptf wa@d 't fdund
el ectrica

accordance cong #’g ﬂYaﬁﬁ%QEH'%nFoaeﬁﬁhé‘g éﬁéaggﬁﬁaﬁa:?ensﬁﬁs?_r a’ltg i s
provi ded wikias muttlhed matrdldcee byarget ddepngi ts'ptg;t:ensnhg._ spuThering, a
curface. | SEPLICEEERH of 2 bise ¥b JetdR RO LU BARINARS, "o
relldtivel y @ Tinicrofh-bageda le3EABEREL| émlgwbes Bhe formation of
protrusions and renders them irregular in shape and
distribution. .
In an embodiment of the present invention, titanium
(Ti) or a titanium-base alloy is sputter deposited on a
15 variety of substrates, such as a NiP-plated Al substrate
or an electrically conductive graphite substrate. The
sputtered Ti or Ti-base alloy bump layer has a controlled
thickness and a controlled pattern of protrus:.ons
extending therefrom. : : ' :
20 With knowledge of the relevant result effective
variables, i.e., substrate heating rate and thickness of
the sputtered metallic layer prior to formation of *
protrusions, one having ordinary skill in the art could
easily optimize such process parameters for a particular
25 application. For example, a NiP plated Al alloy
substrate should be heated to a temperature of less than
the NiP magnetization temperature of about 280°C, such as
between about 80°C and about 275°C. When depositing Ti
or a Ti-base alloy, the thickness of the Ti-containing
30 l.ayer can be advantageously controlled between about 600A
to about 13004, ,
In conventional manufacturing practices, a plurality
of substrates are provided on a pallet, and various
layers of the magnetic recording medium sequentially
35 sputtered thereon, e.g., underlayer, magnetic layer and
carbon overcoat. Accordingly, in accordance with the



di stribution. The textured surface of relatively uniform15  protrusions

I s reproduced on the surface of the nmagnetic recordil{%@gﬁzigyg’
t hrough' t O STUBRISSluent | y applied | ayers, such as an :
magneti c | ayer, carbon overcoat | ubri cant topcoat. The

sputtered netallic |ayer ) aving. protrusio extendi ng therefromis
referred to 2&resentdiyention, 't&ﬁ%q%&ygfl.pu% Eo the S“bsgrﬁgsn% 8i nent
of the presentcdriusstled), by brapying the | paileks tuwheel agameed y asputter
deposited diregt a - - k&S te L.t hou ed of
a seed | ayer. %Caégesoanﬁtfs? x i t':ei}c]go%r ggﬁgg%\nﬁ?hgtgﬁgégl’ esen ?%v%n@?%ﬁ?ga
bunp 25 lradiants keaters - deposited by controlling the process

paranmegers, W thoutad egakiloliQnicht " €bal i WheSUr p2eBent  invehehide erigtics
of the substrate vis-a-vis the sputtered

s \ E]ayer,. The
bunp | ayer of Sahewateeatly HepirbRaciR Bd9302 whergimw udyededdsit ed
on a wide varich yaofTsubaséatflSloy is spattéradeposiced odirebtRypl ahed

A bose a1 oy SUBNENE S, mne i "Bkl et € o185 € GaTh e

gener al laygmp| ofaltie tTi dbaske agleyerwitmvprotynstions vixkeendingty 35
of su rates e o ).C .ad : ively
shock ti r%tes i st an‘ftﬁ%ﬁ%&gn (}%C I g‘g@c ea?a%hﬁ%tsiﬁﬁtﬂfali@v\%ﬁ%%?gg&) SCEOI-R:I:&E!Lah

PCT/ US96/ 20154-eXtured surface. Magnetic layer 22 and carhkompQpyergeat
A ass and gl asm cer@ngeqaehtiadlgsdbpyeited by Bpdittiershingk reshsieane and

can 2vord ead ShabR a1 cnef SObERay) S YA AESIRE Bl 1o
. can be optionally deposited on bump layer 21 and magnetic
15 layer 22 deposited on the Cr undei:layer. The optional Cr
underlayer can have a thickness of about 500A to about
- 20004; the magnetic 1ayef can have a thickness of about
150A to about 600A. In accordance with the present
invention, bump. layer 21 has a  textured surface
20 comprising a relative uniform distribution of bumps or
protrusions - having a substantially uniform size and
height. This textured surface is reproduced through
subsequently applied optional Cr underlayer, magnetic
layer 22, carbon overcoat 23 and lubricant film 24. The
25 ' sputtered textured surface of the bump layer in
accordance with the present invention can be appreciated
from the cross-sectional line scan illustrated in Fig. 3,
and top view of the sputtered textured surface
illustrated in Fig. 4 comprising a substantially uniform
30 distribution of protrusions 40. -

During further extensive experimentation, it was
found that protrusion formation is enhanced by heating
the substrate in a dynamic manner to create a temperature
gradient across the surface of the substrate. Thus, when

35 depositing a Ti or Ti-base alloy on a NiP plated Al-base
' substrate in accordance with the present invention, the



5 portabl e conputer applications. |In addition, magnetic

recordi ng nmedi a exhibiting higher coercivities can be - produced in
accor daneeo /33858 he present invention by enpl oyi ng acTRbSERbiseal | y”
conductive graphite substrate. 12 I n accordance with the present
i nvention, a bunmp 10 | ayer is fornmed on a non-nmagnetic substrate to

provi de a substriee(tﬂseldoﬁﬁdfB?eaCﬂéﬁthﬁgngoﬁréébsbﬁ&‘h' akl ¥ glihikezm

tt f t i 0 anta eoys ot r usi ons
L S e
a hei ght of Heusubstmats |ght Ityme15de51red e:lenqm-acﬁuﬁé)ourhn@&()A Tﬂéﬁ bunp
I f th £aemt | lon, ca . tere A] tallic
53%2[ r gt es, opt gal%et sﬂé&@%&grb&n Pﬁge ap%rdsl%'h%e% ggjéglcﬁl t he
bunp 3 ayer ti%vatiprstnt arhiene en desined fawpexhture gradiestt!y to a

convent i onal subsrtahﬁs:Oﬁaﬁhal rtgua@m B~ baQe ali’é«y‘?ep%‘dt%hél&ﬁ&da‘ﬁ‘eth Ni P.
After extensjive eX:Pf nt atlon f ound a sputtered

metal lic burp Tay? ’Fcﬁ%&‘?ﬁ“ﬁ stﬁj?"t '3 hlgl&ﬁﬁs??‘&?@!@ﬁﬁﬁout
regard to tfm'qa@iem:ul aandratsmablenf and lesd hdesigest kalthh KO Bower

| arl that .2 t t rs ng _a
el ity of-SipeYaEfePEOUBIEH O hip pikhedl e CoNPE SuRtale.

depdd ted; dmdrigh temperature gradummqarbm anhgév'eldebyr ithcueasisg

troll d S p S uch as
fﬁQ heat i nww% g%i;e; PR B AT sl e e
r

net al ?cacf%&/%Ye “‘Fb?ﬁaPPEnPB'} ‘FﬁeSB?Sflr usFBfsthickness The
heat i nput taef ttke sspatteredcad - Ibasta)ru]ﬂmy dhyer prior tyafbemation

techni ques, gg ﬁ\i‘oﬁ?ﬂ%ﬁ.ghg gﬁat S&?ﬁgrgilgﬁ ¢l }?rodézdzet he ﬁ%%:t?% ;eo} S.

passed in prox
heattSener gy, amétbta@ﬁém imFrEmeing she Fil-bede a@épyhsaurgag power

particul ar typea ofiReat pA¥let speed. .
The exact mechanism by which dynamic heating
contributes to or enhances the formation of protrusions
during sputtering is not known. However, it is believed

.20 that protrusion - formation depends on- localized
heating/cooling of the substrate, i.e., a localized
temperature gradient effect. As a maximum localized

temperature gradient is established, the metal, such as
Ti, becomes sufficiently mobile to grow and form larger

25 protrusions. Lateral growth is more rapid than vertical
growth due to the effects of surface tension, thereby
decreasing the density of protrusions. However,

increasing power input appears to cause the localized
temperature gradient to drop and, hence, the protrusions

30 become smaller and denser. The protrusions appear to
decrease with lower target power and/or higher pallet
speed.

In accordance with the present invention, a magnetic

recording medium is provided which exhibits a relatively

35 uniform texture so that sub-micro-inch glide performance
for a substrate smoothness less than about 5A and CSS
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10 nmeans enpl oyed can be selected with due consideration t
t he-subst r WQ9TRR0EF | al . The optimum t hi ckness of Pﬂ@%&ﬁ?‘l’%red.
metallic | ayer conducive to format}dn of protrusions can be 5

determined by controlling. the_  target powe dur | sputtiering
and substr at eﬂﬁmm%%%dgqull"?]'% &ﬂnﬂ mec anlﬁﬁ#’?gcﬁeéﬁtl‘ireéﬁ\éﬁ?’égeous
to eschew t he wiifh i £ adéntedf 1ine averabeasuwfaidec rovigliress t (Rag)etofiuinng
sputtering. The ggﬂl i.cati gﬁ'%{ve%. bi a%e%’%r%llﬁ} al hhg t'ﬁ%&% .
particularly ﬁi‘cessaoﬁ Ti*Ha88™ oy ‘target, dirmfi shes t Hr%t I on
of _ _ pr otresdxding mkdiorml dirs aceerdancsgwitah thegprgsenndinvention -
distrigution. exhibits a ceﬂ&f‘&ﬁ@%@?&?eQéuﬁfﬁcé’r:?&@éﬂnéé'é!eﬁlépnof

titani um 1), Or a titaniu bas{i alloy 1s sputter deposited on a 15
variety of sulfRQult e &R APAL 34 p-3nd 12 FULagh Healf oughnesg, (Bp)

electrically condibsuty sl aphiabdutl2ooAat eTheThagnetic mé@vat Eoededi iRr
I 0ase al1 oy PR hEL U LB ayepr b DAOSER0R0 GpigBLLo! o0
know edge of tdesixilklenglideutharhictemistics and C8% ipshtfosrmanee,
|5Ub5t h3 € heating rfﬁ%@é&éﬂ&é@%@h Yhe Er.eSent:t *ﬂﬁvéﬂﬁ%ﬁr,eg %@ié’éﬂ:i& ,
ayer prior._to formation o protrlsions, .one having ordinary skill
in the art cofi@gnetic lagexy| sush A% Re COrbiRssy Jayer pFathdierappbied
particular 25 direceDpl t6athebump Fhayeex6rPagpli€dN® #laf athdérlayepy
substrate .sh_ouéd be.heat ﬂ tB at era.tur of Iessbtl}_an' coerci t he L}Ii P
magneti zati on %%%?a?ﬁrg Bt °HB uflir%)’glf[ erﬁ?@f nERge Bl Weth® about
80[err] C and abbuat 2¥&astr 2C000NCerdieds,t iarg Easily achieved. 1In an
15 embodiment of the present invention, a CoCrPtTa magnetic
layer is applied directly to a Ti bump layer by
sputtering. In another embodiment of the present
invention, after formation of the Ti bump layer, the
_ .. substrate is reheated and a Co-Cr-Ta magnetic layer
20 applied by sputtering. _

Experimentation was 'condt,_tcted wherein a Ti-base
alloy was sputter deposited on a NiP plated Al-base alloy
substrate at an overall temperature of about 80°C, by
moving a pallet containing the substrate in close

25 | proximity to a radiant heater operated at 10% power input
at a pallet speed of approximately three feet per minute.
Ti-base alloy protrusions appear to increase in size, but
not in height, and increase in density as the pass-by
heating increase from 15% to 25% power input. Further

30 experimentation revealed that Ti-base alloy protrusions
' decrease in size, but not in height, and increase in
density at 30% power input. Thus, for a particular

situation, the amount of the heat input and pallet speed
can be varied to control the size and distribution of
35 protrusions.



or a Ti-base alloy, the thickness of the Ti-containing 30 | ayer can be

advant ageously control | ed between about 600A to about 1300A.

| n convamoi9ommzdss manuf act uri ng practices, a plurality pcTrodosRo®t I at €s
are provided on a pallet, and various 14 | ayers of the magnetic
recordi ng medi.um sequentially 35 sputtered thereon, e.g., underlayer,
magneti c | ayer and carbon o\BXAMBEE Accordingly, in accordance
with the

PCT/ US96/ 20159 Gwdg7éégeg5were performed on twolgrol.xps of Bpgggﬁ{r

invention, teEtuEad digks ueder thesiolkewing denditionscontrol led by
varying the pal |l ghskrByelsetitStthfSat 1 25% powePa3IRE grfé%?ng}ty to a

heatj ng source, such aS a quartz radi ant heater. An
embodi ment  of PHBYtBFesent invention is schematical | y depicted
in Fig. 2, whereTh berpihageat?B.5Kw andfs5 &Kw; base alloy is

sputter-deposit agiéﬁcgb\éel% at o]f ft%%e@%é)ﬁg@é%g? The bunp layer itself

conprises a uniform ayer Tby W th protrusions
ext endi ng 1¥putterpeexstusest werer appliedsonntwal sybabravensupfiacekl:ed

textured sughacg. pMaqRSidE NEY ngyc n .0 re
se Lﬁent I all ggﬁogi ted by sput ?%Zrllgﬁgé ﬁab??ggnﬁq\igf' aérf%p%%%t oéﬁe?s t hen
ap

ed. A et | &Y F07bRg PR \irfie Polished Wi pdgtiisenl | FheefHABI t ed on
bunp layer P3lidd iyt Audlanchépds? 2edRNas % plothadinlpder | ayer.
sout ' ST oRhoMRe A & 1 Aot P BT THERR oS dIRTehoSR
150A to abdnilbivalts| nlvexsokcrhcexiis) h vshe thesFHT (Flying Height
Test) in micro inches (horizontal axis).

15 _ It is observed from Fig. 5 that the roughness
induced by the Cr coating results in increaSed glide
avalanche in both the 3.5Kw and 5.5Kw target settings.

The glide avalanche for the 3.5Kw Ti protrusion over the
Ni plated substrate is about 1.0 - 1.1 micro inch, and -

20 for that of the 5.5Kw protrusion about 1.2 - 1.3 micro
inch. ' Thus, the glide avalanche on sputter textured
disks depends on the protrusion height, which can be
controlled with pass-by heating, target power and pallet
speed. '

25 The use of a sputtering technique for texturing a
magnetic recording medium to achieve sub-micro inch glide
and desirable Css performance is economically
advantageous, in that sputter texturing is easily
integrated into conventional fabrication methddology in

30 which underlayers, magnetic layers and carbon overcoats
are typically deposited by sputtering. Advantageously,
the bump layer of the present invention can be sputter
deposited employing conventional sputtering equipment,
with sputter gases such as argon, nitrogen, oxygen, or a

35 mixture thereof. Moreover, the use of sputtering
eliminates magnetic defects and mechanical texturing



i nvention,. bunp layer 21 has a textured surface 20 conprising a

relative uniformdistribution of bunps or . protrusions Qhayj
subst ant i alWe %#32958r m si ze and height. This textured Eﬁ#‘%@@g‘?‘?
reproduced t hrough subsequent |y appPi ed optional O underl ayer,

magneti c | ayer 22, caybon opvercoat 23 d lubricant fi|m24. The 25
sput t er ed tex?ﬁ?@é' su ’f‘ﬁEg{’Yof 1PRECVERH I%%@PQ%HW: and ;¥ ce
wi th the presenddivienaildy,cahedeprepenti dhedntion isfapplidtable to a

.cross-sectional . kin i|lystr i_n _Fi . d top wmiew of
t he sputtereda‘fuéé u(r?ve%f%?. acoclakS _s%gﬁlfaﬁ"lﬁ ugFF%F a8 llsrf F'T"u.gﬂ4 %%rf\rilas?\l%rfg a
substanti al | y ghasgrgezemic maherialsonost wlretxicativn0. conductive

During § urthergpxprigbve @1RYE-FHAiOmatdrV@Bs are typliedldy Ermed
protrusion forfmtion_ i s enhance he“Substrate in a

d by heatin t '
dynani ¢ manner®Yo &r bga¢ athﬁﬁB‘F%urQ% the sypfafrentorcFes® tde il ace
of the substrateystalidizedenldper offlepeviaiming thdireon.Ti - Edeetdilcalign a

NP plated A-B3iSuctive g ufiPlighe it A6EHSEBEE WP SDEaPRERS asak

PCT/ US96/ 20159with high coercivity. 12 o su_bstrate IS

TS0 R 3 Lot o0 ARV, St s fofbiensonad 5 44015180 T8 0

tenper at ure raRgeductign of magnetic; raRPEELRgt MegiadcaR P eI el i n

a particular producidigt Utié ORagRetill Pecordingg r Mediannsy at Hee pfelimnt .

II tes\évage];]ggnsvi :E’ﬁl;[areg#:aﬁgxﬁet ?Hlézggl ﬁo ! Qréern >{ S atinggnetic aQEg(larrs?l li¥1cll%rc9ee,r and
but are not limited to, cobalt (Co)-base alloys, such as

15 cobalt-chromium (CoCr), cobalt-samarium (CoSm), cobalt-
chromium-tantalum (CoCrTa), cobalt-nickel -chromium
(CoNiCr), cobalt-chromium-samarium (CoCrSm), cobalt-
chromium-platinum-tantalum (CoCrPtTa), cobalt-chromium-

_ platinum (CoCrPt), cobalt-nickel-platinum (CoNiPt),

20 cobalt-nickel-chromium-platinum (CoNiCrPt) and cobalt-
chromium-platinum-boron (CoCrPtB). The thickness of the
magnetic layer is consistent with conventional practices
and manufacturing a magnetic recording medium. Cobalt-
base alloys having a thickness of about 100A to about

25 '1000A, such as 200A to about S500A, has been found
suitable. o

The present _invention. is not 1limited to the
particular materials disclosed herein. Various metals,
apart from Ti and Ti-base alloys can be employed in

30 sputter depositing a bump layer on various substrates,
and any of various magnetic materials applied to the bump
layer with or without an intervening underlayer. In
accordance with the present invention, a carbon overcoat
of suitable thickness, such as about 75A to about 2004,

35 can be deposited on the magnetic layer. In addition, a

lubricant topcoat of suitable thickness, such as about



gradient, and smaller and | ess dense with a | ower tenperature-
gradient on a NiP plated substrate surface. 10 A high tenperature

gr adi entwos3pessachi eved by i ncreasing t he pal | et FqTRRISh6/20d%9] € a”

| ower tenperature gradient can 1ge achieved by reducing the pallet
speed. The thickness of the sputtered Ti-base alloy layer prior to
formation 10A toofalpoatr méhns c=am b:ec@dprc@ﬂtmﬂtanpreﬂucecargbgr and 15

| arger bunpg VQ¥'c'o§%r eaihggpLQSeI\; TEE@S;—;@E&:R EQSEOB% éﬁovﬁd&?n 8at a

fixed pallet anl Sm
heati ng efflcé-@ﬁﬂ:r imetked t Sour f&mSmaﬁaet@cmemdﬁng)r weddsi ons

during sput hawag 'x%;ﬁ@dd&'l% aﬂ@"iﬁi’fformtsﬁff@é‘é'&Y&Paﬁggrllﬁt]tcool ing of

protrusion %r ti Qn _depends, . on | ocal 1 zed
t he Bubst raldt sirablieoc gliidey performangserandr cigPEAVER: Eﬁﬁect
As a maxi rrugn_eh:ma-hiazﬁé tenperature gradient is est abl i shed, the

nmetal, such as .beco Uffl Ci npbi | W and form

| ar ger 25 pr& yuglegﬁgln Eﬁ?ﬁ% Q%n‘:ix%m%pgep 6‘9& gﬁ@n Ve 8 cal
growt h due £ewt pxagplest s:fofmmr\fmttnehsnorﬁrq: hehedy and descudbedasi ng
the densityn ¢he E{a I e‘f?t' ‘Hi%closﬁ'fé"’eveft is to be! ﬂﬁ%&fétaadpgws"t : nput

appears to cause t ocal i zed enper at ure fent to drop and
hent®, the pP&trdBVERSigy is Eé@éﬁ"éesnﬁ’lfl ePSSndlﬁengéFlou%eoﬁhéFru5|ons

appegr t0 combinatdereashdVdriviFdents gend Phyecaparler obi 6h§hglé%| | et
spee

: . Ln_accordance, W th the present ntion netlc
recordi ng nedi uW?ii%beﬁgilag‘E \/\Hi‘ghlgth’%?t PRI zﬂél véF\? %nv nely | form
texture so Cthacepib-as expriesded) heieeim:r f or mance for a substrate
snoot hness | ess than about 5A and CSS '
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13 per f or manae a nmechanically textur
with a céﬂ?é?’-"?qsﬁe av a ‘m‘ oughness (Ra) of in W&’ of

30A is achieved. recordi ng medi umin

accordance with the present I nvention 5 exhibits a center |ine average
surface roughness (Ra) of abouELAIME, aphout 32A, and a surface peak
roughness (Rp) - of about 30A to about 200A. The magnetic nedia formed
in accordance with the present invention, therefore, exhibit
desirable glide characteristics and CSS performance 10 In
accordance with tRe preswmanetienrecardingumedppm comprisimgetic | ayer,
-such as a Co-base d gys- @fcaggbgggate directly to the bunp | ayer
or applied to a Cr underl rnmed o the burrp | ayer

Advant ageousl y, c& 84k ttql}éé metall:bq. Y8% R e iRstrakeeasi | y
achi eved. I nwhictb sputtetibofdeétRDLief Iémperrewt al nvexdt i ped as@ﬁEéTa

CputtEring. CTREibLS SREHTRER SEobrrklstoPascdi | Y ™Y oni i on,

after formation ofa thagiféet bunpayeyerfornesl on the spbstexes imetahdiaced and

a Co-Cr-Ta rrqgripéri_c | ayer 20 applied by sputtering.
Experinmentati on was conducted wherein a Ti-base al l oy was sputter
deposited on a NiP plated Al -base all oy substrate at an overall

tenperature of abay &feenaghetly recordingomedgun pecobedingntai dlagmt he
substrate in cI 0s

d. %
pover i nput L O Wheein Ll iubbakRa” pefadlig cAVer Dol duRigee

m nut e. titafivmser & | vitanbumubasesadgpyar to i ncrease in size, but
not in height, and increase in density as the pass-by - heating
I ncrease from 15% to 25% power input. Further 30 experinmentation

reveal ed that Ti- haseTHel B39BRbEFuEPERFAING medium according to claim
2, wherein the substrate comprises an aluminum~base alloy

plated with nickel-phosphorous.

4. The magnetic recording medium according to claim
2, wherein the sputtered metallic layer is formed
directly on the substrate.

5. The magnetic recording medium according to claim
2, wherein the sputtered metallic layer has a thickness
of about 600 to about 1300A.

6. The magnetic recording medium according to claim
5, wherein the sputtered metallic layer comprises
protrusions having a diameter of about 2 to about 10
microns and a height of about 30 to about 100A.

7. The ‘magnetic recording medlum according to claim
2, whereln the substrate comprises an aluminum-base alloy
plated with a nickel-phosphorous layer, a glass, a glass
ceramic material or carbon. |

N



decrease in size, " but | not |n he| [, and I ncrease in density at 30%

power i nput. Thﬂ@sﬁﬁ situation, the anount, of the
heat mpmamzdsqoall can be varied to cont PEN/USE2RES9e and
di stribution of 35 : V\D 97/ 32055

PCT/ US96/ 20159

EXAVPLE G@ide tests were perforned on tvvo groups of sputter
textured disks t&ndefhéhﬁ‘adé&él%i?&ﬂfwc%ﬁhé'r%&um acc:ordmg PR :
settings at 25% power an eet_ per Ti
settings at+3. 3PN 5. SRE subStrate %Rre'*ts%ﬁ)ee6§e§t‘:rﬂ-qa§|dﬂ"per

m nut e. conductiiiel @"rat haineg s were applied on two substrate surfaces:
one a polished NiP plated Al -base alloy; and the other 10 having a Cr
coating on the polished NNP plating. The GHA (dide Height

Aval anche) t est Sr.esThe snagrepiottecordinganedium acapeding towelainki g. 5,
as the RVBy( Rfekti\{e%ncémﬁ&%)m%ﬂa chromiuf] 1ale! %%O%%r HufeAile) VS the

FHT (Flying Hel In m_cro | nches rizon ax1 s
It is obsewbsaeﬂporﬁfm gSPBEEREES: Metigithelayer is fwm@eenby:hme Cr

coating reghirbmif i1R6/edased glide - aval anche in both the 3.5Kw and
5. 5Kw target settings. The glide aval anche for the 3.5Kw Ti
protrusion over t he Ni plated substrate is about 1.0 - 1.1 micro

inch, and 20 10.f or Theat magnehéch. retomiioig umediuaboatcdringl .t m cr o
claim 2, wherein the magnetic layer comprises a cobalt-
base alloy . having a coercivity of at least 2,000
Oersteds. |

11. The m_'agnetic rec_ording medium according to
claim 10, wherein the cobalt-base alloy comprises
chromium, platinum and tantalum.

-12.  The magnetic recording -medium according to
claim 10, wherein the cobalt-base alloy comprises
chromium and tantalum. |

13. The magnetic recording medium according to
claim 2, wherein the magnetic layer has a central line
average surface roughness (Ra) of about 7A to about 323,
and a surface peak roughness (Rp) of about 30A to about

5 200A.

14. The magnetic recording medium according to
claim 2, further comprising a carbon overcocat on the
magnetic layer.

15. The magnetic recording medium according to
claim 14, further comprising a lubricant topcoat on the
carbon overcoat.
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I nch. Thus the gllge aval anche on sputter textured di sks depends
on the protrusion hd e edbe controll ed

heating, WO 3208 wer mm speed 25 %%@gelg%f a
sputtering technlque magneti c recording mediumto
achi eve sub-mcro inch glide and desirabl e CSS  perfornmance

S econoni cal |y advant ageous, in that sputter texturing is easily
integrated into canyent imial mhahetda! i pecordingomedium 26cordinghitdh

under| ayers, | ayers and r bon_ov S D] |y

deposi ted by g%%ﬂér r#én%' atﬁoé‘&’%gﬁfnﬂ a%h%%%ﬁ}‘% u%der%l%yerg& &FEL

present i nvempuitexed beetspliierlayer, wherpdni tbe swgneriiwy layerris onal

sputtering ei%?ﬂﬁﬁ“on.thé chr&ﬁiﬁm ?HHE%ia g$es such as argon, nitrogen
t

oxygen, or a m Xt ure ereo eover, the use of sputtering
el i m nates magnetic defects and nechani cal texturing WO 97/ 32055

PCT/ US96/ 20159 1h7 A method of manufactupr\.;jléxg a15na|g|net1ch rd@Ppsding her eby-

i npr ovi ng put, . an itionally, the present

i nvent i on isqﬁ#%éﬁ%ﬁ)% ?% ethSa’ CORPEASERFi ety of substrate material's,

such as gl ass depoq;itassgceaametmblecl dlayer obrecty i gwird-ymegmmehicti ve 5

graphite. t?é" &0 m%flf%[é a'tﬁearcferécyé)i@@chl *IEEQ&.EF.@ layer lﬁ)ésa deat
surface to ta

t reat nent of t orma I'i zed" Tayer of
cer anPc then&ﬁ*ﬁur%ﬂeﬁﬁ¥f%%?l9°mPr151n€bﬁdGéPFﬁél§ﬂéﬁﬁ1B§?§ﬁuﬁ¥ﬁﬁﬁkable
for obtaini ngafH sk . with high coercivity.

forming a magnetic layer on the deposited metallic
layer.

18. The method according to claim 17, comprising
sputter depositing the metallic layer.

19. The method according to claim 18, comprising
sputter depositing a titanium or titanium-base alloy on
the substrate.

20. The method.according to claim 19, comprising
sputter depositing the titanium or titanium-base alloy
layer directly on the substrate.

21. The method according to claim 19, wherein the
substrate comprises an aluminum-base alloy plated with
nickelhphosphorbus, carbon, a glass or a glass-ceramic
material.

22. The method according to claim 21, wherein the
substrate comprises electrically conductive graphite.

23. The method according to claim 19, comprising
heating the substrate to a temperature of less than about

[



10 Any rraﬁn@ghle&;.@ﬁ{geeyg g.agdent ionally enployed in the

producti on of magnet d| a can be enployed in produci ng
t he nmagnaio &r/326850" di- e present i nvent i POT/USOE/20159
conventional magneti ude 20 but are not limted to,
cobalt (Co)-base all oys such as 15 cobal t - chrom um (CoCr),

cobal t- samaprgmg( Qﬁarr)spumbai 'depos:n.tlng fahtdln:hwnmwaltdmanlﬁﬁo-@aﬁﬁ

cobalt-nicke chr b t ri CrS
cobal t - oycom'm ’EmPBVéP?nu(ar%O% T (%% aﬁHrﬁ—)m aF? lﬂrgé'{rﬁcﬁm "
pl atsnum ( C3C0#,) thexrsty t fornkey- @ a:exmmeq GoprFage gomprlsmg a

cobal t-ni ckgh g&r %P%ﬁ'ﬁfdtfﬂi‘%%&qy' CrPt) and cobalt-

chrom um pl ati num boron ((CoCrPtB). The thickness of the magneti c
Jayer is consistent with conventional practices and manufacturing a

magneti c recordi g medfhENmdEdd taccording beselalioes hatiexein tthekness

Deen foung. spurteti bitanium o B euniiilade £100y 1R A0 UmAtes "0

linmted t0prtdte:u31ons havingular dianetexl S:fdlsbdDUSed Hew eaboutari®us
metal s, ct rgci Oé“ﬂélgr(?é JE-BRSGe2kboys a®duke 199 oyed in 30
dep05| I ng a

sputter on various substrates, and any of
vari ous nmagnetic nmateri aI s applied to the bunp | ayer with or

wi thout an interveni norwé dfét Y@ accoking to claq&orldaa,naﬁmpﬂsm@e

pr esent |nvent|on a carbon overc f suit such as
about 75A t& ?b?lﬁy gg‘ﬁ b%uagbﬁgg?e&%n%?ﬁg‘% et| I%yer.
I n addition raﬂlant healtué:r.l cmeneh)co&teattmuu thiel esubstkases, touch as

about 2055 o .
PCT/ US96/ Zofﬁnpé@@lﬂg 8)5. about 80°C to about 270°C; and sputter
5 depositing the titanium or titanium- -base alloy layer on

the heated substrate.

26. The method according to claim 19, comprising
periodically heating the substrate to a temperature of
about 80°C to about 270°C; and - |

sputter depositing the titanium or titanium-base

.5 alloy on the heated substrate.

: 27. The method according to claim 26, comprising
induction heating the substrate.

28. The method according to claim 26, comprising
heating the substrate with a pulsed laser beam.

29. The method accérding to claim 19, comprising
forming a magnetic cobalt-base alloy layer having a
coercivity of at least 2,000 Oersteds on the sputtered
metallic layer.

30. The method according to claim 29, wherein the
cobalt-base alloy comprises platinum and tantalum.
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16 10A to about 30A, can bemdeposi ted on the carbon

overcoat. The reserThis'ShwéﬁvsBmRe ef ore, provides an ' %@,gﬁ"ent
|

met hod f oWQ na ng rredl a havi ng rPeCpIF’g e and
uni form surface chara kh desirable glide performance
and inproved CSS performance ' Only certain

embodi nents of the invention and but a few exanples of its

versatility are si3awn arhe desthofiedccording ito idiaim e®ntcampristnge. |t
s 10 be Unigldeatddd the! Qubstratd®aubBLaienine ol égueegébksmq Efie ' "

various othé nations an | T onment i S capa

changes tlta@rlhm)dlqr chditaniunibase thkla¥opkayert hﬁhﬂi?@ﬁtﬂ vénd
goncept as e d@rsl Magnetic lRbalt-base alloy layer on thAé

CLAI M5 ti c recor di ng nmedi um conpri si ng: a non-magnetic -
substPate; T® ?? @nium | ayer formed on the substrate, which

sputtered titanium I ayer has an as deposited textured surface conprising a

plurality of prot r3uzs.i Ofhe ‘method according to claim 31, wherein the
cobalt-base alloy layer comprises chromium, platinum and
tantalum, and has a thickness of about 150A to about
600A,

33. The method according to claim 19, wherein the
magnetic layer has a center 1line average surface
roughness (Ra) of about 7A to about 32&, and a surface
peak roughness (Rp) of about 30A to about 200A.

34, The method according to claim 19, further
comprising forming a carbon overcoat having a thickness
of about 75A to about 200A on the magnetic layer.

35. The wmethod according to claim 34, further
comprising forming a lubricant topcoat having a thickness
of about 10A to about 30A on the carbon overcoat.

36. The method according to claim 19, comprising
- depositing a chromium underlayer having a thickness of
about S500A to about 2000A on the sputtered metallic
layer, and depositing the magnetic layer on the chromium

5 underlayer.
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havi ng a hei ght of about 30A to about | 00A; and .a magnetic |ayer forned

on the Sputtered titanium| ayer. : 2. The magnetic recordi ng nmedium,
accor di ng wooehzissy 1, wherein the as sputter deposited titaRCHHS96HS9
exhibits a glide aval anche of about 1.0 to about 1.3 mcro inch. 3.
The magnetic recording nediumaccording to claim1, wherein the substrate
conpri ses an alum num base all oy platgd with ni ckel phosphor ous. 4,
The magnetic recording medi um accor di i’é to claim1, wherein the sputtered
titaniumlayer is forned directly on the substrate. 5. The magnetic
recordi ng nmedi um according to claim1l1, wherei-n the sputtered titaniumlayer
has a thickness of about 600 to about 1300A 6. The nmagnetic

recordi ng medium according to claimb5 wherein the protrusions have a

di aneter of about 2 to aboyt 1@1@”@5 7.Fhgqmagnetic recording
medi um according to claim] | conprises an
al um num base alloy - - ' '

CARBON OVERCOAT 13

Co MAGNETIC ALLOY 12

Cr UNDERLAYER 11

NiP PLATTED AlMg

- 10

LUBRICANT FiLM 24

CARBON OVERCOAT  [—23

MAGNETIC LAYER L2
BUMP LAYER :
—21
SUBSTRATE
— 20

FIG. 2
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[err] ., WO 97132055 18 plated with a nickel - phospheeenssebeies. a
gl ass,” a glass- ceranic material or carbon, 8. The magnetic recordl ng
medi um according to claim?7, wherein t he23subst r at e conpri ses

el ectrically- conductive graphite. 9. The magnetic recording madl um
according to claim3, further conprising a chromum | ayer on the substrate,
wherein the sputtered.titaniumlayer is formed on the chrom umlayer.

10. The nmgnetic recording nmedi umaccording to claim2, wherein the
magnetic | ayer co ity of at

| east 2,000 Cerstedg. The magnetic recordi ng medi urp according to
clraim 10 wherein tle cobalt- base al | oy corrprl ses chrom um pl{ati num and
tantal um
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magneti c recordi ng medi um according to claim1,

has a centra

The rrg%n

cobal t - bas
carbon overcoat on the magnetic |ayer.

and a surface peak roughness (Rp)
19
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15. The magnetlc recordi ng rredl um accordl ng to ' 96?2
corrprl sing a lubricant topcoat on the  :#  .‘icarbon ovgﬁ lgz

16. The magnetic recordi ng nmedi'um accordi ng to
conprising a chrom um underl ayer on the

wherein the nagnetic | ayer is
17. A nethod of 'manufacturing a magnetic .recording
met hod conpri ses:

a nmagnetic |ayer o thg rﬁﬁ%ﬁ%f’al gnfggéfafﬂ medlum Eb&@?hgﬁhgayer

18. The net hod accordlng t

1-0tFEB 1

sputtered tltanlun1layer
farared on the chrom um underl ayer.
medi um whi ch
SsputtercIdaMssiting a titaniumlayer on a

non- magneti c substrate so that the deposited titaniumlayer 5
has a textured surfacé conprising a plurality of protrusions
‘havi ng a hei ght of about 30A to about | ook; - and form ng

tter depositing

t he tltanlun1Iayerau%%%rm%@%%F%¢oﬁ%b§trate' such that it exhlblts a glide
aval anche of abOUtajsﬁhﬁﬂEred tltaﬁiﬁﬁﬂlébéi'EdEMéd'a%hthe substrate,

The nethod ac tog . claiml17, cqnpri eposi t.i
magnetlc | ayef Jcﬁ' e Shiaktd ﬁ]eté‘ﬁﬁt“t"gﬂ?“ laydr RRYoan eg‘stliiﬁﬁgﬁl’ntﬁgyer

"

5

textured surface comprising a plurality of protruszons
hav1ng a height of about 30A to about 100A; and

a magnetic layer formed on the sputtered tltanlum
layer.

2. The magnetic recording medium according to claim
1, wherein the as sputter deposited titanium layer
exhibits a glide avalanche of about 1.0 to about 1.3
micro inch.

3. The magnetic recording medium according to claim
1, wherein the substrate comprises an aluminum-base alloy

" plated with nickel-phosphorous.

4. The magnetic recording medium according to claim
1, wherein the sputtered titanium layer is formed
directly on the substrate.

5. The magnetic recording medium according to claim
1, wherein the sputtered tltanlum 1ayer has a thlckness
of about 600 to about 1300A.

6. The magnetic recording medium according to claim
S, wherein the protrusions have a diameter of about 2 to
about 10 microns. '

7. The magnetic recording medium according to claim
1, wherein the substrate comprises an aluminum-base alloy

¢ A O 00

e
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20. The method according to-claim17, conprising %&6#)&@

the titaniumlayer directly on the substrate. <A

The met hod according to claim 17, wherein the lﬁ'éévﬂselﬂo

an al um num base altloy plated with ni ckel - phosphor ous, carbon
gl ass or a glass-ceramc mat eri al . [err] [err]

20 22. The nethod accordiygg to claim?21, wherein the

substrate conprises electrically conductive graphite.
The met hod acpiﬂrtckmgn.ttrh el nigkél-phesphosold layer, a kgaldd)gat b@a&ﬁbstrate

to-a tenperatyre aof s th about 275] err] C and sputter
deposi ting tf]celézﬁtqla%l'?ﬁsﬁ af %v‘f?ﬁb%fl t hi ckness of about 600A to

about 1300A,

t her eby form ng 5 a textured surface conprising a

plurality of protrdisi @8- magnetic recording medium according to claim

()

7, wherein the substrate comprises electrically-
conductive graphite.

9. The magnetic recording medium according to claim
3, further comprising a chromium layer on the substrate,
wherein the sputtered titanium layer is formed on the

chromium layer.

10. The magnetic recording medium according to

claim 2, wherein the magnetic layer comprises a cobalt-

base alloy having a coercivity of at least 2,000
Oersteds. '

11. The magnetic recording medium according to
claim 10, wherein the cobalt-base alloy comprises
chromium, platinum and tantalum.

12. The magnetic recording medium according to
claim 10, wherein the cobalt-base alloy comprises
chromium and tantalum.

13. The magnetic recording medium according to
claim 1, wherein the magnetic layer has a central line
average surface roughness (Ra) of abouti 7A to about 323,

and a surface peak roughness (Rp) of about 30A to about
200A.

- 14. The magrietic recording medium according to
claim 1, further comprising a carbon overcoat on the
magnetic layer.

1159

ﬁﬁfa'agge

23.

A D

"AMENDED SHEET



titanium | ayer conprises protrusions having a

2)4.' The met hod according to claim23, wherein the .GMQQ%

- f
t:o about 10 m crons. 25. The net hod accomus

20
FkB

%

conpri si ng: continuously noving the substrate in-proximty to a
radi ant heater, thereby heating the substrate to a t enper ature of
~about 80[err]C to about 270[err]C, and3soutter 5 depositing the

titanium |l ayer on the heated substrate.

according to claik17, Eeepragne§isg recor@mngomﬁ@qu/aﬁgﬁrﬂgmghéo
substrate to.paifMpe! afo@hQi' comprisiAgOHt 188FeERhE tepabadt ca/ @Ry ] G

and
substrate.

sputter depositing the titaniumlayer on the heated
carbon overcoabpy

26. The net hod

5

i nducti on heating the substrate. 28. The net hod according

Lsi h h b h d
POTPLE S DSrhe BagBeRes ARTHTH | Do Ao ERhE T Fng
form ng a maghaimcl cabatthdmsougtiging e chroning anderlayer coetdievity of
at | east 2’O£Eh€€£§é§d§iggniﬂﬁ fQQéL?rﬁﬂerein the HBLRALLS haYRYr is -

to claim 26,

beam

formed on the chromium underlayer.

17. A method of manufacturing a magnetic recording
medium, which method comprises:

ssputter depositing a titanium layer on a non-
magneiié.substrate so that the deposited titanium layer

‘has a textured surface comprising a plurality of

protrusions having a height of about 30A to about 1004;
and _

forming a magnetic layer on the sputter deposited
titanium layer. |

18. The method according to claim 17, comprising
sputter depositing the titanium layer under conditions
such that it exhibits a glide avalanche of about 1.0 to
about 1.3 micro inch.

19. The method according to claim 17, comprising
depositing the magnetic layer directly on the sputter
deposited titanium layer. . . -

"20. The method according to claim 17, comprising
sputter depositing the titanium layer directly on the
substrate. '

21. ,The'method according to claim 17; wherein the
substrate comprises an aluminum-base alloy plated with
nickel-phosphorous, carbon, a glass or a glass-ceramic

material.

| ] DR
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The met hod according to claim26, conprising



‘Terr] [err] - 21 ', @f» qulelég
met hod according to claim29, wherein the cobal t - base al'l COo e

~-platinum and ‘tantal um - 31. The net hod acc ﬁvggi ﬁgaﬂ
‘conpri si ng: heati ng the substrate subsequent g ?‘lﬂ F@

the titanium |l ayer thereon; and depositing a nmagnetic cobalt-base
alloy layer on the 5 reheat ed substd@t e. 32. The net hod
according to claim3l, wherein the cobalt-base all oy |ayer conprises
chrom um platinum and tantalum and has a thickness of about 150A to-

about 600A.22. The method according to claim 21, wherein the
substrate comprises electrically conductive graphite.

23.  The method according to claim 17, comprising

heat:.ng the substrate to a temperature of less than about
275°C and sputter depositing the titanium layer having a
thickness of about 600A to about 1300A, thereby forming

5 a textured surface comprising a plurality of protrusions.

- 24. The method according to claim 23, wherein the
sputtered titanium leyer comprises protrusions having a
diameter of about 2 to about 10 microns. |

N
»

25. The method according to claim 17, comprising:
continuously moving the substrate in proximity to a
radiant heater, thereby heating the substrate to a
temperature of about 80°C to about 270°C; and sputter

5 ~ depositing the titanium layer on the heated substrate.

26. The method according to claim 17, comprising
perlodically heat:.ng the substrate to a temperature of
about 80°C to about 270°C; and

sputter depos:.tlng the titanium layer on the heated
5 substrate.

27. The method accord:.ng to claim 26, comprising
J.nduct:l.on heating the substrate.

- 28. The method according to claim 26, comprising
heating the substrate with a pulsed laser beam.

29. The method according to claim 17, comprising
forming a magnetic cobalt-base alloy 1ajrer 'having a
coercivity of at least 2,000 Oersteds on the sputtered _
metallic layer. _ '

e
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33. The net hod accordl ng to claim 17, wherein the Egs reémagnetlc
| ayer has a center |ine average ~ -surface roughn (ﬁg&‘

about 32A, and a surfacé peak roughness (Rp) of about 30A to about
200A. .34. The nethod according to clai e
conprising formng a carbon overcoat having.a thi ckne!&”ﬂg 3:6&5& 1998
to about 200A on the nagnetic 1ayer. The met hod accordi ng
to claim34, further ~conpri sing f &dni ng a | ubr| cant topcoat having a
t hi ckness of about 10A to about 30A on-the carbon overcoat.

36. The nethod according to.claim 17, conprising depositing a

chromi um under | ayego havrig rﬂeél‘ikb&ké@ééraing to c2BeH! 2600Ankee2R0khe?000A
on the sputterelgj]t_ltanlu | ayer, gosmln Flenanetlclayer on

the chrom um3®oa I%Jy%?Y comprises plag numTﬁErgn‘é@HEFF-Emr‘ecor di ng
medi um according to claim?7, wherein the substrate conprises an

al um num base ['erﬂn The method accOrdihg to claim 29, comprising:

heating the substrate subsequent to sputter-forming
the titanium layer thereon; and
depositing a magnet:.c cobalt-base alloy layer on the
5 reheated substrate.

32. The method' according to claim 31, wherein the
cobalt-base alloy layer comprises chromium, platinum and
tantalum, and has a thickness of about 150A to about
600A.

33. The method according to claim 17, wherein the
sputtered magnetic layer has a center line average
surface roughness (Ra) of about 7& to about 324, and a
surface peak roughness (Rp) of about 304 to about 200A&.

34. The method according to claim 17, further
comprising forming a carbon overcoat having a thickness
of about 75A to about 200A on the magnetic layer.

35. The method according to claim 34, further
comprising forming a lubricaht_ topcoat having a thickness
of about 10A to about 30A on ‘the carbon overcoat.

36. The method according to claim 17, compfising '
depositing a chromium underlayer having a thickness of
about 500A to about 2000A on the sputtered titanium
layer, and depositing the magnetic layer on the chromium

5 undérlayer.

37. The magnetic recording medium according to
claim 7, wherein the substrate comprises an aluminum-base

_.———-"—'-"———.—_—'_’_———-
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ferr] : " 22 alloy plated with a nickel Eggékzalayer

a glass- ceramc material or carbon. 38. Tre magn t
wedi um-according to claim1, wherein the magnetic ay rgzvlgg &df ec y
on the sputter deposited titaniumlayer. 39. The QE Eﬁ}dgg
claim 21, wherein the substrate conprises an alum num base all oy plated

wi t h ni ckel - phosphorus, carbon or a gl -ceramc material . 40. The
nmet hod according to claim39, wherein thHe substrate conprises an

al um num basg) fby op18take MK Ny ”h%ﬁ&%ﬁ%%%%s layer, a glass-

ceramic material or carbon.

38. The magnetic recording medium according to
claim 1, wherein the magnetic layer is formed directly on
the sputter deposited titanium layer.

39. The method according to claim 21, wherein the -
substrate comprises an aluminum-base alloy plated with
-~ ‘nickel-phosphorus, carbon or a glass-ceramic material.

40. The method according to.claim 39, wherein the - .
substrate comprises an alumlnum base alloy plated w1th <7
nickel-phosphorus. Y

¢
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textured suface. In one embodiment, a Ti-base alloy layer -
hu:wllfing a textured surface comprising a plurality of relatively
iform protrusions is sputter-deposited directly on a non- '
magnetic substrate (20), such as Ni-P coated aluminum- CARBON OVERCOAT 23
magnesium alloy substrate, or an electrically conductive
graphite substrate, and a magnetic layer (22) deposited
on the sputiered metallic layer (21) with or without a Cr
undesiayer. MAGNETIC LAYER 2
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