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RELATED AR © This application clains prio
provi si onaﬁg%ﬂﬂ\lpat ent application Serial No. 60/035, 502 ?F%’Iggﬁgé%%r y
15, 1997, entitled "FABRI CATION OF H GH CCERCI VITY MEDI A 5 ON SPUTTER
TEXTURED SUBSTRATES, " the entire disclosure of whi ch is hereby

i ncorporated herein by reference. - TECHNI CAL FI ELD The
present invention relates to the recording, storage and readi ng of
magnetic data, particularly 10 rotat abl e magnetic recording nedia, such

as thin film magneti ¢ di sks havi ng textured surfaces for contact
with : _

MAGNETIC RECORDING MEDIUM

RELATED APPLICATION
This application claims priority from provisional
patent application Serial No. 60/035,502 filed January
15, 1995, entitled "FABRICATION OF HIGH COERCIVITY MEDIA
5 ON SPUTTER TEXTURED SUBSTRATES, " the entire disclosure of
which is hereby incorporated herein by reference.

TECHNT FIELD
The present invention reiates'to the recording, -
_ storage and reading of magnetic data, particularly
10 rotatable magnetic fecotding media, such as thin £ilm
magnetic disks having textured surfaces for contact with
cooperating magnetic transducing heads. The invention
has particular apblicability to high density magnetic
recording media exhibiting low noise, reduced flying
15 heights and high coercivity. .

. 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

20  axis in combination with data transducing heads
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

25 having a specific load elastically in contact with and -



cooperating magnetic transduci ng heads. The invention has .

particul ar applicability to high density magnetic recordi ng nedi a
exhi biting | ow noi se, reduced flying 15 hei ght s ‘and hi gh coercivity.
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properties for read-write performance, such as a small
glide height avalanche, e.g., about 0.75 to about 0.85
pm. . '
10. 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 bégins to rotate. Upon reaching a predetermined
high rotational speed, the head floats in air at a
15 predetermined distance from the surface of the disk due

to dynamic pressure effects caused by the air flow
generated between the sliding surface of the head and the
disk. During reading and recérding operations, the
transducing head is maintained at a controlled distance

20 from the recording surfacé, supported on a bearing of air
as the disk rotates. The magnetic head;ﬁnit is arranged
such that the head can be freely moved in both the
circumferential and radial directions of the disk in this
floating state allowing data to be recorded on and

25 retrieved from the surface of 'the disk at a desired
position.

Upon terminating operation of the disk drive, the
rotational speed of the disk decreases and the head
begins to slide against the surface of the disk again and

30 eventually stops in contact with and pressing against the
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

35 driven, the sliding surface of the head repeats the
cyclic operation consisting of stopping, sliding against
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‘I'n operation, the nagnetic disk is normally driven by the contact
start stoRy, 9?53 gethod, wherein the head begi ns to slj l.nst
the surface o %e di sk as the di sk begins to rotate.ibﬁg%%gﬁégéhiﬁg
a predeterm ned high rotational speed, the head floats in air at a
15 predeterm ned di stance fromthe surface of the disk due to
dynam c pressure effects caused by the air flow gener at ed bet ween
the sliding surface of the head and the di sk. During readi ng and
recordi ng operations, the transdiicing head is maintained at a
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recordi ng syurface mhenever the disk"is Stationary, accelerated from
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PCT/ US97/ 1651&nch tlmes (x) the linear density (BPI) in terms of bits
per inch. Thus, a smooth recordlng surface is preferred,
as well as a smooth opposing surface of the associated
transducing head, thereby permitting the head and the
15 disk to be positioned in closer proximity with an
attendant increase in predictability and consistent
behavior of the air bearing supporting the head.
However, another factor operatee against that objective.
If the head surface and recording surface are too flat,
20 the precision match of these surfaces gives rise to
excessive stiction and friction during the start up and
stopping phases, thereby causing wear to the head and
recording surfaces eventually leading to what is referred

_ to as a "head crash." Thus, there are competing goals of
25 reduced head/disk friction and minimum transducer flying
height.

In order to satisfy these competing objectives, the

-recording surfaces of'magnetic disks are conventionally

provided.with a roughened surface to reduce the head/disk

30 friction by techniques referred to as "texturing."

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

35 topcoat, wherein the textured surface on the substrate is
reproduéed on the surface of the magnetic disk.



3 the surface of the disk, floating in the air, sliding

agai.nst the surface of the disk and stopping. It is considered " -
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possi bl e, l.e., to mnimze the flying height of the head. This
obj ective becones particularly significant as the areal ~ recording
density increases. The areal density (Moits/in[err]) is the
recording density per unit area and is 10 equal to the track density
(TPI') in terns of tracks per inchttimes (x) the linear density
(BPI') internms of bits per. inch. Thus, a snooth recording surface
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chemical plating, typically at a thickness greater than
about 10,000A, primarily to increase the hardness of ‘the
15 Al substrate, serving _as'a. _suitable“sur'falce for polishing
to provide the requisite sttrfacfe roughness or texture,
which is substantially reproduced on the disk surface.
In addition, increasingly high density and large-
capacity magnetic disks require increasingly small flying
20 heights, i.e., the distance by which the head floats
above the surface of the disk in the CSS drive. The
requirement to further reduce the flying height of the
head imposed by increasingly higher recording density and
capacity render it particularly'difficult to satisfy the
25 requirements for controlled i:exturing to avoid head
crash.
Conventional techniques for providing a disk
substrate with a textured sufface_ comprise a mechanical
operation, such as polishing. See, for example, Nakamura

30 et al., U.S. Patent No. 5,202,810. Conventional
mechanical texturing techniques are attendant with
numerous disadvantages. For example, it is extremely
difficult to provide a clean textured surface due to
debris formed by mechanical abrasions. Moreover, the.

35 surface inevitably becomes scratched during mechanical

operations, which contributes to poor glide



surface of a disk substrate to provi de a texture thereon prior to

subsequent deposition of coatings, such as an under | ayer, magnetic
| ayer, carygglypgcoat and |ubricant 35 topcoat, whereip éll(ﬁsgt,ﬁgﬂred_
surface on the substrate is reproduced on the surface
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typi cal nmagnetic recording mediumis depicted in Fig. 1 and
conprises a substrate 10, typically an al um num (Al) - base all oy,
such as an al um num nmagnesi um (A -Ry) alloy, chem' cally plated with
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typical ly contGhHHactREtEntFaIand ghay defeqtfer edh a§d1t1°n YREGFUSEN
(Cr) underl ayﬂeéﬁrak&l@Obéhbs(:Sa):ebaS%ﬁi | Oalfflcultrfagﬂfﬁt lﬁrbéégé 1%y a

3..and l.ub t
Cnder | ayer 11 GRAREE R aie  Tadsppadiiyably 1R g $a9%% 9ar bon
overcoat 13 amchan:.calytpe:cahi’yng, deposuadly ekgludeputher wsge of many
t echni ques. xpdllys t's ARl | 8y wﬁ”g;e%og{ﬁ&ﬂyé dgdailie NP

chem cal plati ngrF ypi ca I ckness Qgrea
| 0, 000A, pri meF4 %ﬁlt'@t$ﬂd¢1@e%1é ﬁafellmt:mgcloiewmglslgh caproiyitiss.

serving as a suitable-sphbeseefl oteRLiriRGNY technlquéQ PEQVI gle hid& 4 cial
requi site surface roughness or, texture, whi | S substantia

reproduced on RTRFEFIKNG Ha¥e deen attempted. noaﬁdﬁFFBnalFﬁé‘PéﬁWﬁgltyp hi gh

density and | afigfhanical texturing involves the use of lasers. See,

10 for example, Ranjan et al., U.S. Patent No. 5,062,021.
Another alternative to mechanical texturing is disclosed
by Lal et al., U.S. Patenﬁ No'. 5,166,006, and involves
chemical etching. Such alternative techniques have
proven 1less than succes'sful, in that it is extremely

15 difficult to provide repeatable and controllable textured
patterns on non-metallic substrates, such as glass,
~glass—ceramic materials and electrically conductive
graphites. In addition, laser textured substrates also
require cleaning. _ )

20 In copending U.S. Patent Application Serial No.
© 08/608,072 filed on February 28, 1996, a magnetic
recording medium is disclosed which has a textured
surface formed by sputtering a metallic layer, such as -
titanjum or a titanium alloy, on a non-magnetic

25 substrate, inclusive of a 'glass,. glass-ceramics materials
and NiP chemically plated Ni-Mg alloy substrates. It
has, however, been found difficult to produce a magnetic
recording medium having a suitably high coercivity
greater than 2500 Oersteads, such as greater than 3000

30 Oersteads, particularly greater than 3300 Oersteads, with
a sputtered textured layer. In addition, since the
topography of the sputtered layer is greatly dependent
upon the underlying layer, e.g., sub.strate, on which it
is deposited, process parameters must be optimized for

35 each different type of underlying material, thereby

'~ decreasing production throughput. Without such



capacity magnetic disks require increasingly small flying 20 hei ght s,
i.e., the distance by which the head floats above the surface of
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density and capacity render it particularly difficult to satisfy
the 25 requirements for controlled texturing to avoid head .

crash. Conventional -techniques for providing a disk
substrate with a textured surface conprise a nechanical : operation
such as polishing. See, for exanple, Nakafura 30 et al. U S Patent
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as well as conductive graphi
magnetic recordlng medium ‘satisfying such demanding

requirements, particularly a high density magnetic rigid
10 disk medium for longitudinal_reébrding.
| The linear recording density can be increased by
increasing the coercivity of the magnetic recording
medium. However, this objective can only be accomplished
by decreasing the medium noise, as by maintaining very
15 " fine magnetically noncoupled grains. Medium noise is a
dominant factor restricting increased recording density
of high density magnetic hard disk drives. Medium noise
in thin films is attributed prlmarlly to inhomogeneous
grain size and intergranular exchange coupling.

20 Therefore, in order to increase linear density, medium
noise must be minimized by suitable ' microstructure
control.

It is recognized that the relevant magnetic
properties, such as coercivity (Hc), magnetic remanence
25 (Mr) and coercive squareness-(sﬁ), which are critical to
the performance of a Co base alloy magnetic thin film,
depend primarily on the microstructure of the magnetic
layer which, in turn, is influenced by the underlayer on
which it is deposited. Conventional underlayers include
30 Cr, molybdenum (Mo), tungsten (W), titanium (Ti),
' chromium-vanadium (CrV)- as well as. Cr alloyed with
various substitutional elements. It is recognized that
underlayers having a fine grain structure are highly
desirable, particularly for growing fine grains of

35 hexagonal close packed (HCP) Co deposited thereon.



substrates which facilitate achieving high coercivities.
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by Lal et al., US. Patent No. 5,166,006, and invol ves chem cal

et chi ng. Such alternative techni ques have proven | ess than
successful, in that it is extrenely 15 difficult to provide repeatable
and control |l abl e textured - patterns7on non-netallic substrates, such
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di fferent typeaoﬁaﬁﬁQEEEYtééoﬁ&EﬁglﬁédluhhﬁéebahematlcaldQCHepibm@d in
preductron thﬁgug g and comprlggs sﬁbstral“ﬂbo NiAl underlayer 21 and
cobalt alloy magnetic layer 22. However, it was found
that the coercivity of a magnetic recording medium
15 comprising an NiAl underlayer, such as that depicted in
the Fig. 2, is too low for high density recording, e.g.

about 2000 Oersteds.
Lee et al. subsequehtly'reported.that the coercivity
of a magnetic recording wmedium comprising an NiAl
20 underlayer can be significantly enhanced by depositing a
plurality of underlayeré containing alternative NiAl and
Cr layers rather than a single NiAl underlayer. Li-Lien
Lee et al., "Effects of Cr Intermediate Layers on CoCrPt
Thin Film Media on NiAl Underlayers," Vol. 31, No. &,
- 25 November 1995, pp. 2728-2730. Such a magnetic recording
| medium comprising an alternative NiAl layer and Cr layer
composite structure is schematically illustrated in Fig.

3.

Adverting to Fig. 3, the depicted magnetic recording
30 medium comprises substrate 30 having sequentially formed
" thereon Cr sub-underlayer 31, NiAL'underlayer 32, Cr
intermediate layer 33, and Co alloy magnetic layer 34.
It was found, however, that such a magnetic recording
medium is characterized by an underlayer structure
- 35 exhibiting a (110) -dominant crystallographic orientation
which does not induce the preferred (1120) -dominant
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larger grains than grains resulting from deposition at
lower temperatures; e.g. approximating room temperatﬁre
(25°C). The formation of larger grains is inconsistent
with the very reason for employing NiAl as an underlayer.
15 On the other hand, it is very difficult to obtain Cr
' {(200) crystallographic ofientation, even at elevated
temperature such as 260°C, on glass and glass ceramic
substrates using direct _cufrent' (DC) magnetron
sputtering, which is widely employed in the magnetic
20 recording media industry.
Li-Lien Lee et al. recognized the undesirability of
resorting to high deposition temperatures to obtain a
(200) ~dominant crystallographic orientation in the
underlayer structure. It was subsequéntly reported that
25 an underlayer structure exhibiting a (200)-dominant
crystallographic orientation was obtained by depositiﬁg
-a magnesium oxide (MgO) seed layer using radio frequency
(RF) sputtering. Li-Lien Lee et al., "Seed layer induced
(002) crystallographic texture in NiAl underlayers," J.
30 Appl. Phys'. 79 (8), 15 April 1996, pp. 4902-4904; and
David@ E. Laughlin et al., "The Control and
Characterization of the Crystallographic Texture of the
Longitudinal Thin Film ~ Recording Media, " IEEE
Transactions on Magnetics, Vol. 32, No. 5, September
35 1996, pp. 3632-3637. Such a magnetic recording medium
comprising a MgO seed layer and NiAl wunderlayer is



which it is deposited. Conventional underlayers include.30 Cr,

nol'ybdenum (M), tungsten (W, titanium (Ti), _ chrom um vanadi um
(CrV) as Wl dgdgadcr alloyed with various substitutionglyelegents. |t
I's recogni zed that under| ayers having a fine grain structure afre -
hi ghly desirable, particularly for growing fine grains of 35
hexagonal cl ose packed (HCP) Co deposited- thereon. WO 98/ 32128
PCT/ US97/ 16512 _ : 7 It has
been reported that nickel-alum num (N Al) films exhibit a grain size
which is smaller than simlarly deBosited Cr filnms which are the

under | ayer of .chai.ce | roduci ng conyenti onal neti ¢ recording 5
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magnetic layers epitaxially formed on underlayers are

10 based upon direct current (DC) sputtering. Accordingly,
RF sputtering an MgO seed layer is not economically
viable. '

On the other hand, the objective of having a (200)
crystallographic orientation in the underlayers is to
15 induce (1120) crysi:a-llographic orientation in the Co
alloy laYers. Even through media compri'sing an MgoO seed
layer and NiAl underlayer has (200) crystallographic
orientation in the underlayer, it does not have a
dominant (1120) crystallographic orientation in the Co
20 " alloy layer,- according to Laughlin et al., "The Control
and Characterization of the Crystallographic Texture of
the Longitudinal Thin Film Recording Media," IEEE
Transaction on Magnetics, Vol. 32, No. 5, September 1996,
P. 3634. Laughlin et al. reported that the grain-to- -
25 grain epitaxial relationship between the (002) NiAl ahd
the CoCrPt film is found to be [1011] CoCrPt//([001] Nial,
and (1210) CoCrPt//(100) NiAl, or (1210) CoCrPt//(010)
NiAl. In other words, Laughlin et al. reported that
there is no (1120) CoCrPt//.(200) NiAl epitaxial
30 relationship found in the films with MgO seed layers and
NiAl underlayers. Rather, (200) orientation is identical
with (002) orientation. When an FeAl underlayer is used -
instead of NiAl, it was reported that the (200) FeaAl
underlayer can only induce a weak (1150) textured CoCrPt
35 'by employing a MQ'O seed layer or a (200) textured Cr seed
layer. Li-Lien Lee et al., "FeAl underlayers for CoCrPt -



about 2000 Cer st eds. Lee et al. subsequently reported that the

coercivity of a magnetic recording nmedi umconprising an NN Al 20
under | ayer significantly enhanced by depositing a lity
of underl a‘y @3gl§ﬁt aining alternative N A and Cr aPCérrlgss\?aﬁi
than a single Ni Al underlayer. Li-Lien - Lee et al., " Effects of Cr

I nternedi ate Layers on CoCr Pt Thin Film Media on Ni Al Underl ayers, "
Vol . 31, No. 6, 25 Novenber 1995, pp. 2728-2730. Such a magnetic
recordi ng ~medi um conprising an alternative Nl Al |ayer and C | ayer
conposite structure is schematically illustrated in Fig. - 3.
Adverting to Fig. 3, the depicted magnetic recording 30 medi um

conpri ses substhine 80lmavioggibydénalal medfienfedCC-01, 4kayk ednmpal
sub-underl ayerg g‘&fe%é# %&qq}ié S i arg Magnetlc M e PR 2 ead Byi®Ea 33,

and Co all oy magnetlc ayer found, however, that such a
magneti c recor@R@EIia, N°Veﬁ=BGFqu?r§5(zh&P§éter| zed by an under| ayer
structure 35 e@@‘-?éh&mﬁgaaf)élﬂb:atﬂem serialiyst 208 pegaphss, ofLkedat i on

\Ighcll-/cr&sggi/eiesgggoﬁngggcgséhfo pr e;ggregléc os sdt% l?aé]r fJ.JSms depog\Q:gélgzlz8
crystal | ogr aphsarfaceemtdidioed NOP flagerss bgeepicendy smaller dgpasnsed Co
al | oy magneti Ctﬂ%?{eéraf'quﬁlg Q&éﬂ@gdt& non- ox:.&??é&'lt?ﬁ’eléQefgcr eaged

medi a noi se. i'en” Lee e
pending application Serial No. 08/586,529, filed on

January 16, 1996, discloses a method for depositing Cr

10 films on surface oxidized NiP films, wherein the

' deposited Cr films exhibit a (200) -dominant
crystallographic orientation.

In copending Application Serial No. 08/

- filed on (Our Docket No. 2674-052)

1s . a magnetic recording medium having high coercivity is

disclosed, which magnetic recording medium comprises an
seed layer having -an oxidized surface formed on a non-
magnetic substrate, é;_chromium—containing sub-underlayer
on the oxidized surface of the seed layer, a nickel-
20 aluminum or iron-aluminum underlayer, a chromium-
containing intermediate layer on the underlayer and a
magnetic layer on the intermediate layer. '
There exists a need for magnetic record:.ng media
with repeatable and controllable sputter textured surface
25 patterns exhibiting improved. floating and improved
sliding—wear'-resistant characteristics, low noise and
high' coercivity.

DISCLOSURE OF THE INVENTION
An object of the present invention is a textured
30 magnetic recording medium suitable for high density
longitudinal magnetic recording which exhibits low noise,
high coercivity, improved flying characteristics,
improved sliding-wear-resistant characteristics.
Another object of the present invention is a method
35 of manufacturing a textured maghetic recording medium -



were able to obtain an underlayer exhibiting a (200)- 5 dom nant

crystal Iographic orientation by initially depositing a Cr

sub- under rectly on the non- magneti c substr

undesi rabl'y %hterrper ature of about 260[err]C us?%g ra[a‘g512
frequency (RF) sputtering. However, deposition of a Cr
sub-under | ayer at such an 10 el evat ed terrperature undesirably results
in significantly | arger grains than grains resulting from
deposition at _ | ower tenperatures, _e.g. approximting room
tenperature (25[err] Q). Theforﬁ%tion of larger grains. is

I nconsi st ent th the very reason for ing N Al as an
under | ayer . 1%u1tablg#? %h i "\?é:}{/)a %%cﬁW%WQ

(200) 'crystaldn@génpm:ehmiegt atm@n,ncﬁws?en ahl@levaio@i'cn.v:!.ty, tmﬁmﬁdlre
such as 260[e substrates. usin

C . | d
Sraer® 2o rhfpst g AL ARG Hfes, ‘i‘?ﬂP‘%‘foV@&?}éPﬁﬁg WEATCH Sl S5 RT v

errpl oyed in td:uharragnern.sties recordi ng nmedi a industry.
Lee et al. d n | i1 orting to
hl gh ?;p A" FREHLE BB Y d<§‘§ ‘ci@ ;Bééfs%éso mvent{&? itd Ngn

osition terrperatures £0-0bt a
crystal |l ogr apﬂPEaré‘r'-Pénf@:lQﬁﬂu@htl@héY sputtertﬁmasapéngs@ rRPd-!JEﬁblth was

subsequent |y geppa{edst Pat £82m a magﬁeuméeféa»s%m'gt kel iWine e:?xﬁbbtih@g a
(200) -dom nant crystall og ré hic orientati gn was, obt ai

n
depositing Bigh ac%ﬁﬁégilﬁbﬁ oxPRE (Mftakis | ofRF usll"h%hraoﬁ?%n$+’élﬁuency
(RF) SpUtterl][]Qnthulﬂh.ﬁ&lLQ&gﬁetﬂlc .ré&eedihgyer induced (002)

crystall ographic t xtur i Al _under | ayers,
(5748 o T 1006 KRRy ot e sent intenfion, ¢ el Rareoiing )
al ., "The afidntatdler ahgects are Chahideved zimi paxdf bjnea magnetic

Retording. - NeBrgorind) fefitohi)® compp1 eirthl'Ve WO Haamdl 18 surprhes:

5, Septenber 85Sputtersst bypfepclaves3pn thehsubABgASSic & ceRWEEAgefedi um
conprising a NEPa399¢ | ayghpandidVdy, UNdRmipdieding a plurality of

15 protrusions, on the buffer layer; an underlayer formed on

the bump layer; and a magnetic layer on the underlayer.
Another aspect of the present invention is a
magnetic recording médium, comprising: a non-—magnetic.
substrate; a sputtered metallic bump layer, comprising a
20 plurality of protrusions, formed on the substrate; an
underlayer formed on the bump layeﬁ:' ; and a magnetic layer
formed on the underlayer, wherein the magnetic recording
medium exhibits a coercivity greater than 2500 Oersteads.
A further aépect of the present invention is a
25 magnetic recording medium compr':i.sing: a glass or glass- -
ceramic substrate; a nickel-phosphorous buffer layer on
the substrate; a sputtered wmetallic bump layer, '
comprising a plurality of protrusions, on the buffer
layer; an underlayer on the bump layer; and a magnetic
30 layer on the bump layer.
A further aspect of the present invention is a
method of manufacturing a magnetic recording medium,
which method comprises: sputtering a buffer layer on a
non-magnetic substrate; sputtering a metallic bump layer,
35 comprising a. plurality of protrusions, on the buffer
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9 schematically illustrated in Fig. 4 and conprises MgO . seed

| ayer 41 t on substrate 40, N Al underl ayer 41%%9 jted on
MyO seed S’%gg’&’lég and cobalt all oy magnetic |ayer 4 e’g’gﬁi‘éﬁ on
Ni Al underl ayer 42. Such 5 a magnetic recordi ng medium however is not
comercially vi abl e from an econom ¢ standpoi nt, because sputtering
systens in place throughout the industry nmaki ng magnetic recordi ng
media with the conventional structure of magneti c | ayers
epitaxially formed on underlayers are 10 12 Dbased upon direct current (DC)

sputtering. Accordingly, RF sputtering an O seed | ayer is not
economi cal |y layer; vépwttering an undexdayex onh&hehdwmp thayebsjeandve of

havi ng a (200) ystaidRg h b t spderl ayers is to
15 [ nducesPu(tltlezrol)'ﬁécryst%ﬁl Egga%ﬁlygyoﬁhteﬁﬂa{l odnﬁl) nm% al | oy

| ayers. Even thr oudPYeReE @FRAFSi RF abh@yorPresent 1nvqn§>;é}n andé NN

under | ayer hasap 5(£Mu§rﬂéﬁ a&a{ragfmﬁmg a ma@ﬁeeﬂ&afe@eramnghmedlum,
under | ayer, |t S not

at m na gllﬁ ‘)nPcry t al 'll
orient &ion i Fs compyissher AaleafarAgNPET ShgnIOAEIGA
"The Control mnon- magmdlé:hammsamm: onaof spnet€eysngl | ajraidex Té)drure

 ansat o' DRAEEPALHA PURfEE G R SSR AN S o ceping

Laughlin et alcharelp@rt@nrtdmosh@lmaanm@al 5c bumgrhaneﬁpu t:ampanlsmg

e 11011] Chor LGS ) Brerdons on (O BT (o0 A e
e and
(12ﬂD1%bCrHJ§Q¥EE§rlng chamber for depositing an unde layer on th e

bump layer; and a sputtering chamber for depositing a
magnetic layer on the bump layer. - '
Additional objects and advantages of the present
invention will become readily apparent to those skilled
15 in this art from the following detailed description,
wherein the embodiments of the invention are described,
simply by way of - illustration of the best mode
contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
20 embodiments, and its several details are capable of
modifications in various obvious respects, all without
departing from the invention. Accordingly, the drawings
and description are to be regarded as illustrative in
nature, and not as restrictive._

25 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 schematically depicts a conventional magnetic
recording medium structure. '
Fig. 2 schematically depicts a prior art magnetic
recording medium containing an NiAl underlayer. '
30 Fig. 3 schematically dépicts a prior art magnetic
. recording medium comprising a composite NiAl/Cr
underlayer structure. ' .
Fig. 4 schematically depicts a prior art magnetic
recording medium comprising an NiAl underlayer and MgO
35 seed layer.



Ni Al. - In other words, Laughlin et al. reported that there is no

(1120) CoCrPt//(200) N A epitaxial 30 rel ati onshi p found in the
films Wt Ryd/béh d layers and Ni Al underl ayers.

orientati g‘ﬁ 'S 2iiginti cal with (002) orientation. V\hen an 9(33%92
under| ayer is used instead of NiAl, it was reported that the (200)
FeAl under |l ayer can only induce a weak (1120) textured CoCrPt 35
by enpl oying a MjJO seed | ayer or a (200) textured Cr seed | ayer.
Li-Lien Lee et al., "FeAl underl ayers for OoCrPt WO 98/ 32128
PCT/ US97/ 16512 - 10 thin film

| ongi tudi nal nedi Conf erence on Magnetism
and Magnetic l\/ater?"&lgs %t?%?\?‘&atlcalfy é@@ﬂ'(j‘lto? NoVRABEF 1 §2 XESOrigHs

Co- pendi ng appeddain onstSencakrdlo. 8/ B0cdb@anée! edvith the Aggusderdd,
1996, di scl 0S€3 ./ te?ﬁ_t films deposited on surface oxidized Ni P

| ayers experi €nce STl 1 er grains than Cr filns deposited on

non- oxi di zed Ni P Iéygs €Co-schematigmhtly ngidppbtratesn Ser ispluttering
08/ 5865529, Thbed2Atus in ackiifiy 4%1\489@% dbaekangs g«&ﬂ%for

deposi i ng Cr on - surface wher ei n
t he deposi t &9- @r is R asomiex Aosice migroscrys) - @dMndmage of .
crystal | ographiiga@iik@tgdOPusions formed o SAPRAP %f@@f' %rb@:n Sgrial
No. 08/ filed on (Qur Docket. 2674-052)

_ accordance with the present invention.
Fig. 8 is a line scan across several titanium
10 protrusions of Fig. 7.
Fig. 9 is an AFM image of a magnetic recording
medium surface in accordance with the present invention.
' Flg 10 shows the hysterisis loop obtalned from an
embodiment of the present invention.
15 Fig. 11 shows the reésults of glide height avalanche
testing of magnetic recording wmedia produced in
accordance with the present inﬁenﬁion.

DESCRIPTION OF THE INVENTION
The present invention constitutes  several
20 improvements on the basic sputter texturing' technique
‘disclosed in copending Application Sexrial No. 08/608,072,
which improvements 1lead to reproducible results
‘independent of the substrate and very high coerxcivities,
in excess of 2500 Oersteads, sﬁch as greater than 3000
25 Oersteads, even greater than.3300 Oersteads. Moreover,
these advantages are achieved by an efficient, cost
effective method involving a plurality of sequential
sputtering procedures. .The present invention comprises
the resulting improved magnetic recording media, suitable
30 for high density longitudinal magnetic recording,' and a
method and apparatus for manufacturing such greatly
improved magnetic recording media. Advantageously, the
present invention is applicéble to a wide variety of
substrate materials, such as glass, glass-ceramic



15  a magnetic recordi ng medi um having high coercivity is

di scl osed, which nmagnetic recordi ng nmedi um conprises an seed | ayer
havi ng an Qxidi.zed surface forned on a non- magnet i
chroniun?ggﬁ%ézﬁ ng sub-underl| ayer on the oxidized gﬁ? a%%ﬁgi
seed | ayer, a nickel- 20 al um num or iron-alum num underl ayer,
chrom um containing internmedi ate | ayer on the underlayer and a
magnetic | ayer on the internediate | ayer. There exists a need
for magnetic recording nedia W th repeatable and controllable
sputter textured surface 25 patternsl4exhibiting inproved floating
and inproved . slidi ng-wear-resistant characteristics, | ow noise and
hi gh coercivi®gterials andp sgonddicantivhe pAPERTRiORlly conductivan

obj ect of thegpsgrent EopeRiia@Rd S a textured 30 magneti c recording
medi um sui t abl e &Er Q%g? qfnsity , | ongi t.udi nal netic recording
whi ch exhi bits | owltRoideeordance” witdy ar, iment ?E;r dPTeFeNhg

characteristitAvention, a wonedetetld ngepwsdudislst gputedar aekenkedi cs.
Aot b eck gk oL 1 SGERL BT PR o S BETHLRE 1
PCT/ US97/ 1651ragnetic substrate, by providing a thinibuffer layer on
- the non-magnetic substrate, thereby isolating the
subsequently sputter deposited bump layer £from the
substrate. In this way, the texture of the bump layer is
10 controlled by controlling the buffer layer, thereby
' providing enhanced flexibility as to substfate selection
without sacrificing production throughput.

e, a
Zihe
a

The buffer layer of the present invention can

comprise a suitable material, such as NiP, Cr or a Cr

15 alloy, such as a CrV alloy. In an embodiment of the
present invention, the buffer layer comprises a thin
sputtered layer of NiP. _

Unlike conventional practices wherein NiP is
chemically plated on an AlMg substrate, the NiP buffer

20 layer of the present invention is extremely thin,
typically having a thickness of about 50 to about 3004,
e.g., 150A to about 250A, as about 200A. It has been
found that only a thin layer is required to serve as a
suitable substrate for obtaining a controllable and

25 reproducible sputter textured bump layer. The
conventional NiP plating depoéifed on an AlMg substrate
is significantly different not only in function but in
structure, since it is typically plated to a thickness in -
excess of 10,000A and is chemically reacted with the AlMg

30 substrate.

The use of a buffer layer in accordance with the
present invention enables the sputter deposited bump
layer to be formed on a wide variety of substrates, such
as conventional Al-base alloy substrates as well as

35 glass, glass-ceramic materials and, electrically
conductive graphites,__by' inducing  formation of a



suitable for high density |ongitudinal magnetic recording whi ch

exhi bits | ow noise, high coercivity, inproved floating

char act erh&%@)ﬁfmzﬁ nproved sl i di ng-wear -resi st ant char&qt,@s*'ﬁ&gﬁs. 5
A further object of the present invention is an appar atus for )
sequentially sputter depositing a plurality of layers to forma
magneti c recordi ng medi um exhi biting high coercivity and suitable
for high density | ongi t udi nal nagnetic recording. 10

‘According to the present invention, the tlgr egoi ng and ot her objects

are achieved in part by a nmagnetic recordi ng nmedium conprising: a
non- magneti c

rate, .. a sputtered byffer layer. on the suhstrate; a
sputtered égg%sﬁ%@ t(gi 1E UBdEST™ 3‘? ,urec‘on% PsPRgeral ﬁPRIELé'lci q“&fY 15
protrusi ons, ©f the puekentl| apwentdwnunderl wide Vardetyoof substrates bunp
layer; and a gpgpeli G AAYEE.ABm:Re L2 of selecting PMILRILATPEC! |
of the present invention i's a nmagnet’ ¢ recordrng nedium conprising:
a non- magnet i hock-resighantat glasspandr cgilagsacerambgnp sidppsirates.

conprising a @lass £har Ylsdas HeRwid UsuRRrat @ TBHa08 Illf'fgﬁé‘PStsrl'@cﬁé an
under| ayer forned on theﬁ%rrp | ayer; netic layer ormed on

.and a_ns, |

t he under| ayeFSSHREARSR fRghtYid oeadi #EAPPing PIrRRdEM® -exFlFass a
coercivity graatieglabsnc@plfiicesabsgagdates are, t%erefd‘réwétfﬂamﬁ@@dr of
the present ipyvention.is a 25. netic recordin I.um conprising: a
gl ass or gl as dEd ng]%cer‘iﬁ%esubr@%Ja?%S, a%ﬁ"‘ékelp- roﬁg’p“mtfeé?

| ayer on appliketiomsst rat 8n addipivher edlenetrdldaildy bumnduoniare
conpr{&ing a N [ | ayer; an
under+gyer ongkﬁgﬁgb%sl%fg%g%ér% %ﬁ%ﬁ%t%ggﬁgﬁie&ﬁayer on the bunmp

| ayer . Inp ageerdangspetitivf thiee present iimesntion; s after

met hod of mangpaeteld MegodPENSS T EneCaRifidW TRIEYM the subsPbhel nRE hod
on a non- magnet t ¢ substrat e,

G R A A T SR R T
protrusions, osnbumd Néfyfedr is sputter deposited on the heated buffer
15 layer. The bump layer comprises ‘a metal, such as
titanium or a titanium alloy, and exhibits a surface

texture comprising a plurality of protrusions with a

relatively uniform and - controllable size and
distribution. The textured surface of relatively uniform

20 protrusions is reproduced on the surface of the magnetic
recording medium through the subsequently applied layers,

such as an underlayer, magnetic layer, carbon overcoat

and lubricant topcoat. The sputtered metallic layer
having protrusions extending therefrom is sometimes
25 . referred to herein as a "bump layer."

The sputter deposited bump layer., formed in
accordance with the present invention advantageously
provides a textured surface comprising a substantially
uniform pattern of controlled protrusions controlled to

30 a diameter of about 8,000A to about 25,0002'&, such as
about 18,000A to about 22,0004, e.g., about 20,0004, and
to a height of about 100A to about 250A, such as about
125A to about 1754, e.g., about 150A. The shape and
distribution of the protrusions can be controlled by

35 appropriate adjustment of process parameters, such as the
heat input to the substrate and the thickness of the
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12 | ayer; sputtering an underlayer on the bunp IayeL; aﬂd t
sputterin tic layer .on the bunp | ayer. not her aspec

oP t he prgggﬁggﬁ%Sention is an apparat us for manuf acBGEURg7ae512 .
magnetic recording nmedium 5 whi ch apparatus conprises: a |oad chanber -
for loading a non- magnetic substrate; a sputtering chanber for
depositing a buffer layer on the substrate; a sputtering _ chanber for
depositing a netallic bunp | ayer, conprising a plurality of
protrusions, on the buffer layer; a 1016 sputtering chanber for
depositing an underlayer on the bunp layer; and a sputtering chanber

for depositingruttered megadiliic | dpgeronprherbunp |fywmation of t:_heI I
Addi ti onal om§y3 Bbgdvantage t e t nvent i on

becone readily a;ﬁjrarentﬁétdb thos.esg%‘fl ggp%g ! Flﬁlet rﬁus]f)sé'-‘lﬁa'?‘? qﬁ?f‘h\é\ge

fol | owing det A9k iR iarious techpbaees,tne brbocnteold isg tth:e i
i nvention are gjr&d ide@hich the Sub¥tkatd i V@hsdda i ?i—%‘:é'%" ePly the
best de ,_cont lIcat edefor, C rrayi ngl out St_he ilnv nti(}n.l% w1 be
real i zgg, t he FARERG oﬁg$§e€apaﬁﬁ’él 16t RPP LGPt ePEntherr energy,

embodi ments, iamthdtiorseviesadintpt cAnd apelsepablgsetr heatingtodi figgad i ons

i n various obyj . ects. . all,wthout eparting.from.the

i nventi on. Ac?a(r}g.‘lsln(‘rg‘ffa,{)rt SPAurRgEing means a?fﬁ’g%g%‘ﬁi?ﬂ‘?af §reé'e(‘"ﬂ"°63e

regarded as i Witdt rdue veonsiderationntdutke audshoatasmaeetdadt.i ve.
The optimum thickness of the sputtered metallic

10 layer conducive to formation of protrusions can be
determined by controlling the target power during
sputtering and- substrate travel speed. It is

advantageous to eschew the application of a bias on the
metallic target during sputtering. The application of a
15 bias to a meﬁallic target, particularly a Ti or Ti-base
- alloy target, diminishes the formation of protrusions and
renders them irregular in shape and distribution.
With knowledge of the relevant result effective
variables, i.e., substrate heating rate and thickness of
20 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
application. For example, when depositing Ti or a Ti-
base alloy, the thickness of the Ti-containing layer can
25 be advantageously cént::_'olled be.tween about 600A to about
| 13004. | |
In conventional manufacturing practiceé, a plurality
of substrates are provided on a pallet, and various
layers of the magnetic recording medium sequentially
30 sputtered thereon, e.g., underlayer, magnetic layer and
carbon overcoat. Accordingly, in accordance with the
present invention, the heat input to the substrate can be"
controlled by varying the pallet travel speed as it

passes in proximity to a heating source, such as a quartz
35° radiant heater.



25 BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 schematically

deprcts a conventional nagnetic recordi ng nmedi um-.structure. S
Fig. 2 sc ' |y depicts a prior art magnetic re ' ium
cont ai ni ngﬁgﬁyﬁf? under | ayer. 30 Fig. 3 schemati ca?%%d%g?@g a ’
prior art magnetic recording nedium conprising a conposite

Ni Al /Cr under | ayer structure. ' Fig. 4 schematically
depicts a prior art nagnetic recordi ng nmedi um conprising an Ni Al
under | ayer and MyO 35 seed | ayer. WO 98/ 32128

PCT/ US97/ 16512 17 13 _ Fig. 5
schematically depicts a magnetic recording ~medium structure in

accordance with thePpoeseation formanientiim. enhanced by Fieptbng the

The presont | SibPEABLCLn? 2PUYhaRIRY mipner 2BBY AL T AESHHANIR AL
(AFM) i mage ofgradientia¢resanthe owngét@ﬂsﬁ diheEuWhsErRte P RiMer wheer in

accordance Wi tdepdgiiR§EAITI NV EMi Wase alloy on a Mip YhifeR 1dPersoan
across several titanium 10, rotrusi ons of F|g$ 7. Fig. 9is
an AFM3 nmage cﬁc%oﬁgﬁﬂﬁﬁi Wich. & Ryesent invention, the substrate is

moved by a heating source, 'such“as a quartz silicon
radiant heater, at a speed sufficient to elevate the
substrate to the desired temperature range. The optimum

pallet speed can be determined in a particular situation

10 to achieve a desired temperature gradient. '
It was found that Ti-base alloy protrusions are

generally larger and less dense with a higher temperature
gradiént, and smaller and less dense with a lower
temperature gradient on a NiP buffer layer. A high
15 temperature gradient can be achieved by increasing the
pallet speed, while a lower temperature gradient can be
achieved by reducing the pallet speed. The thickness of

the sputtered Ti-base alloy 1ayef prioxr to formation of
protrusions can be'_ controlled to produce higher and

20 larger bumps by increasing the Ti-base alloy target power
at a fixed pallet speed. For a particular situatic:\n, the

amount of the heat input and pallet speed can be wvaried

to controcl the size and distribution of protrusions.

The exact mwmechanism by_ which dynamic heating

25 contributes to or enhances the formation of protrusions
during sputtering is not known. However, it is believed

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

30 temperature gradient is established, the metal, such as
.~ Ti, becomes ,sufficiently mobile to grow and form larger
protrusions. Lateral growth is more rapid than vertical

growth due to the effects of surface tension, thereby
decreasing the density of protrusions. However,

35 ‘increasing power input appears to cause the localized



medi um surface in accordance with the present invention. Fi g. |
10 shows the hysterisis | oop obtained from an enbodi nent of the

present invention. 15 Fig. 11 shows the results of glide height
aval anche WO98/32128 o5t j ng of magnetic recording nedia pr o'duce%]i"“‘sy”1651 :

accordance with the present invention. DESCRI PTI ON OF THE

| NVENTI ON . The pr esent I nvention constitutes several 20
i nprovenents on the basic sputter texturing techni que di sclosed in
copendi ng Application Serial No. 08/608,072, whi ch i nprovenents
lead to reproducible results | ndependent of the substrate and
very hi'gh coercivities, I n excess of 2500 Cersteads, such as greater
than 3000 25 tempetatinadsradismntyieiiddiod kavd 33 dees Hieadsrot M Eower ,

t hese advantagps are acgieved Q¥ n efficient, cost effective

met hod i nvol vi ﬁ&ogleplsﬁlra %ﬁ/ Bt s %Sé?\’fr al sputtering procedures.
The present inventilmacoopdagee with thetpresestl invientipnovadnagneeisc

recordi ng nedi i ; . [ | ' ' i, C
recordi ng, angggowltr@)%%%mo&saﬁog&%%%%%im%%%rlr?énlgg%gﬁw
great! unifgsm Feartrmen Ehade suli-mg arRsdincingiie ymange
present inventigin 4 SsaBBtraRB! &nicbthnddle Yagseltha - about sASuedress

materi als, such as gl ass, gl ass-ieram c ) V\? 98/.32128 .
PCT/ US97/ 1651 Performance equivalent to a mechanically textured disk

with a center line average surface roughness (Ra) of in

excess of 30A is achieved. Generally, the magnetic
10 recording medium in accordance with the present invention

exhibits a center line average surface roughness (Ra) of

about 7A to about 32A, and a surface peak roughness (Rp)

of about 30A to about 200A. The magnetic media formed in

accordance with the present invention, therefore, exhibit
15 desirable glide character‘i‘sticé_and CSS performance.

In another embodiment of the p.resent_: invention, high
coercivities are achieved by forming, as by sputter
deposition, an underlayer compri'sing'a NiAl or FeAl layer
on the sputter deposited bump layer, with or without an

20 underlying buffer layer. It has been found particularly
suitabl.e to employ a composite underlayer comprising at
least one layer of Cr or a Cr alloy and a NiAl layer.
For example, high coercivities are achieved by forming a
composite underlayer compriéing'a first layer of Cr or a

25 Cr alloy, an intermediate NiAl .alloy layer on the first
layer and a third layer of Cr or a Cr alloy on the
intermediate NiAl alloy layer. A composite underlayer
comprising a first layer of Cr, an intermediate NiAl
layer on the first Cr layer, and a third layer of a CrV

30 alloy on the intermediate NiAl alloy layer has been found
particularly suitable in achieving high coercivities.

An embodiment of the present invention is
schematically depicted in Fig'. 5 and comprises substrate
50 and a plurality of layers formed thereon. As one

35 having ordinary skill in the art would recognize, a

magnetic recording medium typically comprises a substrate -



14 materials and, significantly, electrically conductive

graphi te substrates. I n accordance with an enbodi nent of the
pr esent i nvention, a consistently reproducible sputt gerssh 5
surface | WOMABR4 i ndependent of theysel gct ed non- P q;crragne}tiFsgg
substrate;, by prOV|d|ng a thin buffer layer on t he' non- magneti c
substrate, thereby isolating the subsequent|ly sputter deposited bunp
| ayer fromthe substrate. In this way, the texture of the bunp |ayer
is 10 controlled by controlling the buffer layer, thereby

providing enhanced flexibility as to subsi% ate sel ection _ W t hout
sacrificing production throughput. The buffer |ayer of the

present invenwith @arpluralitycefpliavers seqeeneiadlyr formed,@n fadhp, o
or a O 15  &:3d Q¥ € shfs%slacﬂeé al | gbweviet AnceAbadnPRAci®ly t henly

pr esent |nvent|on the buffer |ayer conprises utt ered

| ayer of NiP. layers- formedqn KeheoMpRes oﬁh‘ﬂepro%ct‘?%"ess\‘lﬁt?é"rt&paﬁq\h PPs
cheni cal Iy pl atiadstHraed\iM FeepsErate, béhﬁgNuRdénéf:ebdzehat a sayelarof
the present invention s, _extrenely

t hi ckn@ss of SFEMERRF { @fapbAYe3foals £6thda e. 9, bﬁﬁ’[)élpslrl Ilykg Jfﬂg :

I250[err] as mntjﬁtm.err] It has been found that only a thin
ayer is required typo,ser t =at i gi,ng a
controll able and 2 dverél]r’ré%r O§UC| 5 e sp % %égtggr 33 E'{bg e a@e?h

The c arukssttratrenl SN Pﬁjﬂéﬁt’mgl%@bsﬂevs@Phﬁamwgtbﬁbsii?aﬁérve

I's SlgnlflcamQé/éhééﬁgf Qtuﬁﬁf%rhnéUﬁfQEé”fd%ﬂoﬁﬂhlnlng a aééugbare
since it is typical at hi ckness i n Xce

| 0, 00@{%rr] aerDQCéS@EIFchaPFy FBSct by ¢ HayieE Al%ﬁ’%‘?ﬁuentfgub§PP5F8r

The use of a bié;iﬁl&@detheﬂeaﬁcormmgaoﬁbmy, bufferprlew_ﬁfnt snvestion
enabl es the sputter de osit

o_,be fo e
variety of subi}?‘f%tc%’%e s'b‘aha tglg&ne&f P&‘?\V 15 kﬁm‘base ?B anBhd
substrates as 2w300R&s Sich as sglddd, toghheutcds 5moa, engt.er abbgt 2808,

electrically and can comprise NiP, Cr or a Cr alloy. Advantageous
15 results have been obtained using an NiP buffer layer.

Bump layer 52 is then sputter deposited on buffer

layer 51. Bump layer 52 typically comprises Ti or a Ti

alloy in the form of a uniform layer with protrusions

extending therefrom to form .a substantially uniform

20 = controlled textured surface. An underlayer 53,

comprising an NiAl or FeAl layer, is then formed on the

bump layer 52. Particularly high coercivities are

achieved by depositing a composité underlayer comprising

at least one Cr or Cr alioy layer. For example,

25 coercivities in excess of 3300 Oersteads have been

achieved by depositing a composite underlayer comprising

" a first layer of Cr, depositing a NiAl intermediate layer

on the first layer, and depoéiting a third layer of a cxv

alloy on the intermediate NiAl alloy layer. A magnetic

30 layer 54 is then deposited on the underlayer 53. A

carbon overcoat 55 and lubricant topcoat 56 arxre then

sequentially deposited on magnetic layer 54.

In accordance with the present invention, the

sputter deposited bump layer 52 has a textured surface

35 comprising a relatively uniform distribution of bumps or

protrusions having a substantially uniform size and



conductive graphites, by inducing formation of a : | WO

98/ 32128 PCT/ US97/ 1651

15 controllable uniformtexture. The general applicabilit

of the pr®RMBIention to a wide variety of substrates PCTmS%’éF%‘?s t he
econom ¢ advantage of selecting relatively shock-resi stant gl ass
and gl ass-ceram c substrates. 5 A ass and gl ass-ceram ¢ substrates
have hi gher shock resi stance and can avoi d head sl appi ng probl ens.
3 ass and gl ass-ceram c substrates are, therefore, suitable for
hard disk drive designs - for portablz0 conputer applications.
In addition, electrically conductive 10 graphite substrates enhance

coercivity. height, whirhaccbegameedn t Burlfacer eskat iswesttamnialbyter
sputter deposit] u Lay ﬁﬁ@gt ' : | ieqlly
heat ed, as mﬁf#%%%éig?ﬁeg%?égéﬁagygf%igﬁure 5@5?;5& gﬂqﬁflaﬁ%ﬁegﬁfs
sputter deposiMagnefie hdayes ef4buf¢arbons overcoalyeS5 anfe leager

conprises a NicHaoattUsh.as Althought lardNi cEhPENL]bhh AN APy, a BNEy
exhi bits a surface texture cgnpr|3|ng ap uralltx of E ot r usi ons
with as = 13¥8%G3R(8e eWRhh LORMRRINEHAC RYER| 3%/ SPYR 25.738Y
di stribution. cEhevaexbusedosaigpraid atleyi layereni fparaidfularly high

oLl 11 1 |5 SR AHPEGL O BACECCE LS R g megh S8

under | ayer, negiaty c layer, campunsdwgr c@at CoCxrTaPt magnetic alloy.

Significantly, buffer layer 51, bump layer 52,

10 underlayer(s) 53, magnetic layer 54 and carbon overcoat

55 are each sputter deposited, thereby further enhancing
production throughput. _

Another embodiment of the present invention

comprises an apparatus . for manufacturing a magnetic

15 recording medium, such as that depicted in Fig. 5, except

for the lubricant topcoat which is not sputter deposited

but applied in a conventional manner as by dissolving a

lubricant in an organic solvent and bonding by thermal

treatment, ultraviolet (UV) irradiation or soaking. An

20 apparatus in accordance with the present invention is

schematically illustrated in Fig. 6 and domprises,

sequentially, load chamber 60 in which a substrate is

inserted and then passed to heating chamber 61 in which

the substrate is heat soaked. The heated substrate is

25 then passed to sputtering chamber 62 in which a buffer

layer, e.g., NiP, is sputter deposited on the substrate.

The next sequential chamber is heating chamber 63

followed by sputtering chamber 64 wherein a bump layer,

such as Ti or a Ti alloy, is sputter deposited on the

30 buffer layer to form a textured surface. The

intermediate article comprising the substrate, buffer

layer and bump layer is then passed to another sputtering

chamber 65 in which the wunderlayer is deposited.

Sputtering chamber 65 in Fig. 6 is structured to depoSit

35 a composite underlayer by sequentially depositing a first

layer comprising Cr, an intermediate layer comprising a



and | ubricant topcoat. The sputtered nmetallic |ayer havi ng

protrusions extending therefromis sonetines 25 referred to herein as
"bunp |Q¥698 The sputter deposited bunp éﬁﬁﬁwwﬁ@%ﬁEd

|n accor&ance with the present invention advantageous

provi des a textured surface conprising a substantially uni form
pattern of controlled protrusions controlled to 30 a di.anmeter of about
8,000[err] to about 25,000[err], such as about 18,000[err] to about
22,000[err], e.g., about 20, OOO[err] and : to a height of about

..100[ err] to about 250[err], such as abou@ 125[err] to about .

175[err], e.g bo 150 .., The_shape ution of the
protrusi ons cyﬁAge ¥ 8 3 5§1§g layega53m85+sapg %d?ﬁ@ %éibyof Mecess

paraneters, suttexmedimte artlcmeatccbﬂtmttnmgt litres ubshsatatand Bufer

Lg}fbggi/slggl J er, bump lay\/\%.2 ggd composrce underlayﬁg is then p%sp?ﬁ(?ered

netallic |ayé&o prnothero spwthexiog othamker 66 in whiichisaomagndiiie heat
~input go the at o] y.dari t as
%ﬁqh%éf 18RAN g gpuct Ilcchr&ertrﬁ:leé zr,q%cp ' e élﬂ.eé

by controllln 1&% Strate |§ﬁpass
proxinmty to yndgrlayeyéuﬁ ttkﬁ%tﬁ@ SpUtEeyilagaFhrmbeL (ﬁhQﬁQ&neﬁergy

~induction hegrdiGctaife Méﬁ@oaiasetypﬂéalﬁw a cHi%on proté@iixl'é‘ru' ar
type of heatln nmeans engloyed can
b

sel e
con5|derat|onQJ?HQR?%u FHﬁRP?&E%rS§P°Slted on theTﬂégﬁﬁFFﬁﬂﬁ¥}P¥kness
of the sputterlegewt alrtheCresulting magnetic recording medium is passed

10 to the unload chamber 68 and removed for subsequent
processing, as by applying a conventional lubricant
topcoat thereto.

The methodology of the present invention .
advantageously enables the application of all layers of

15 a magnetic recording wmedium,  except the lubricant
' topcoat, by sputter . deposition, thereby improving
throughput and vyield. Additionally, the present

invention is applicable to a wide variety of substrate
materials, such as glass, glass-ceramic materials or
20 electrically conductive graphite. Glass-ceramic
materials are typically formed by a heat treatment of the
- surface to form a thin crystallized laYer of ceramic
thereon. Electrically conductive graphites are desirable

for obtaining high coércivity; | |

25 EXAMPLE
A magnetic recording medium was produced in
accordance with the present invention utilizing the
apparatus depicted in Fig. 6. A glass substrate was
placed on a pallet in load chamber 60, passed to
30 soak/heating chamber 61 wherein it was heated for about
5 seconds at about 2.3 kw heating power. The heated
substrate was then passed to sputterinbj chamber 61
wherein a NiP buffer layer was deposited at 3.6 kw with
a pallet speed of 1 (fpm) to a thickness of about 900A.
35 In passby heating chamber 63, the pallet was moved at a



10 | ayer conducive to formation of protrusions can be

determ ned by controlling the target power during sputtering and
substrate travel speed. It is advant ageous to eschew t he

appl i cat i oWOIB3R1%i as on t he nmetal lic target during BOVYSREAHE. The
application of a 15 bias to a netallic target, particularly a Ti or )
Ti - base alloy target, dimnishes the formation of protrusions and
renders themirregular in shape and di stribution. Wth

know edge of the relevant result effective vari ables, i.e.

substrate heating rate and thickness of 2fp t he sputtered metallic

| ayer prior to formation of protrusions, one having ordinary skill

in the art cousgeed of abe@si3 YEmiDtenpYey Hug ook mparmﬁw&éﬁn@
particul ar jcati

app For exanmpl e ndeostln or_a Ji-
base alloy, «HEhPTPEEnEAs 8 TEbaRe. TARER fian SRRye e S5 & Bodgpof
advant ageousl ysdcmtwi)thed pelleenspeedt of0Q] épnﬂ to about _

1300[err]. rpct%. @“@r@%h&%@%“ G%tttﬁéfh[g?ﬂfeiﬁg ﬁetic
plurality es ‘are provi , |ous
| ayers ®f the h%gﬂ@@i%gre@@ﬂépﬁg wag uexasdnest i &Yy 3o atom%%utt%t@@

thereon, e.g. ,myeﬁsééapssrtAﬁﬂgnetTﬁelﬁmrlﬁge formed £§r§H6wﬁVﬂiC10
Accor di ngl y, In accorfi\nce W t

I nvent eat
input to the slhbdf%at® ﬁtﬁétes Y bUpRE, qup ‘ﬁy t?ar%}?%ghll%e
travel speed asajér. Adverpiafgeto FiRy.08,Mal Wime zsd“a&atadmgossweﬁerahch as

?,C%J%rsgél §2512 £ tf’%dlgt%pges Swn in Fig. 7 reveaSi3 1&t§ps of about 1504
10 in height and 24,000A in diameter. The geometry of the

bumps and density can be controlled by manipulating
various sputtering conditions, e.g., passby heating
power,: passby speed and bump layer thickness.
A composite underlayer comprising a first Cr layer,
15 a NiAl intermediate layer on the first Cr layer, and a
third CrV alloy layer on the NiAl layer, was then
deposited in sputtering' chamber 65 of the apparatus
depicted in Fig. 6, at a pallet speed of about 2 fpm with
a target power of about 4 kw, 1 kw and 4 kw for each
20 - target (1 pair) respectively.- In sputtering chamber 66,
a CoCrTaPt magnetic alloy layer was deposited at a pallet
speed of about 4.2 fpm with a target 'power of 4 kw (1
pair). A prdtective carbon overcoat employing Swamp gas,
_ was then deposited in sputtering chamber 67 at a pallet
25 speed of about 2.5 fpm with a t:ai‘get power of about 2.5
kw (4 pairs). |
The AFM image .shown in Fig. 9 illustrates the
surface of the above magnetic recording medium with bumps
- originating from the Ti bump layei: clearly visible. Fig.
30 10 shows the hysterisis loop obtained from the above
Example having a coercivity of about 3323 Oersteads, a
Mrt [magnetic remanence .(Mr) x thickness (t)] of about
0.9 to memu/cm?, and a coercive squareness (S*) of about
0.9. '
35 ‘ Four additional magnetic recording media were
' produced in accordance with the present invention and



17 ' Protrusion formation is enhanced by heating the

substrate in a dynam c manner to create a tenperature ' gradi ent
across th¢ of the substrate. Thus, when depo 4#1

Ti - base a F%&k%%&g Ni P buffer layer in 5 accordance \MtﬁlL ’Qg%ﬁ 1

I nvention, the substrate is noved by a heating source, such as a
quartz silicon . radi ant heater, at a speed sufficient to elevate the
substrate to the desired tenperature range. The optimm. pal | et speed
can be determined in a particular situation 10 to achi eve a desired
tenperature gradient. It was 2Bound that Ti-base alloy
protrusions are generally larger and | ess dense with a higher

tenperature testedgfed @erfamaneel | eFidndllesbodenshanigkide | baeght

tenperature gxagdhgAkhaN @eé{: PJiuf £8En! @ir nignh 849e11:cr?:1.v1tyt é’#i‘ée
gradi ent can be achi eved gélncrea5|ng t he pal | et spéed, e a

| ower tenper aFBFEYEERG eRedian Byeduced %hFE@ecP-Ib‘ﬂe%‘Eélﬁél PR Hee BNy et

speed. The thiekReds ofa small Gme sPuabsuedoTirobase abldty d AySrmpeisL to
fornatéon of éﬁprotru5|ons g%& controll ed to .nproduce higher and 20
e

| ar ger® bunps bPPndre £PAE Then s yb t aFGEPTHONG measurements

fi xed pall et wpredcaFoied pattusuhgraalmaahéad wibk a write aupmentofwt he

heat input andepabbet SRR ¢8N0PCaNA hoMliqs currehl SBTBEOLLBNE Shagpand

di stri-bution o protrusion nechani sm
dynami ¢ heati R§-R3 on ac&mzmkbm?@sl tand EQHh dresiser he The rﬂaw@htafshow

protrusions apn ove ﬂd§36ﬁmﬂﬂdﬂﬂrﬁkiéi73§ Jﬂ&wghgﬁgfeygrmeﬂia'ﬁo?gé'eved
t hat rotrusion formati on depends | ocal 1zed

heat i b9/ cool | K§LP. (§N§R§u9§tP§P§t 99621 §3I005F|Y§§ observed; ERptr Bhar e
gradi ent effetbwer ANMR rmaa ratﬁaipéal bireglw%Qte cdﬁ%&twr@o%aﬂignérl s

tablished, the neta bi.l e t
o ow and {of nEPREGRY LY SUSGRRE iR SRAE (4 TS giBad AT SorkY (BBRE | han

verti cal perfgnmsiivelue A ¢venelbeges SMNRumfsacﬂoﬁaermecmnempheydahg
decreasing tLen danglith Okt ArfdHEi¥Ya and HWENSEr field gradient.
15 - Any magnetic alloy conventionally employed in the

production of magnetic recording media can be employed in
producing the magnetic recording media of the present
invention. Such conventional magnetic alloys, include,
but are not limited to, cobalt (Co)-base alloys, such as

20 cobalt-chromium (CoCr}, cobalt-samarium (CoSm), cobalt-
chromium-tantalum (CoCxTa) , cobalt-nickel-chromium
(CoNiCr), cobalt-chromium-samarium (CoCrSm), _cobalt-

chromium-tantalum-platinum (CoCxTaPt), cobalt -chromium-

platinum (CoCrPt), cobalt-nickel-platinum (CoNiPL),

25 cobalt—nickel-chromium—platinuﬁ (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

30 1000A, such as 200A to about 500A, has beer found
suitable.

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

35 sputter depositing a bump layer on various substrates,
and any of various magnetic materials can be applied to



35 I ncreasi ng powver | nput appears to cause the localized - WO
98/32128 PCT/ US97/ 16512

grature gradient to drop and, hence, the protrusions
becorre snﬂqggyﬂ%l denser. ‘I'n accordance with tFCTHWIRE2
i nvention, a nagnetic recording mediumis provided which exhibits a
relatively 5 uni formtexture so that sub-mcro-inch glide performance
for a substrate snoothness | ess than about 5[err] and CSS :
performance equival ent to a nechanically textured disk with a
center line average surface roughness (Ra2p of in excess of 30[err]
I s achi eved. Generally, the nmagnetic 10 recordi ng nediumin-

accordance w thet bemprkspet wiblerird eithout an inﬁie&ivemmgcﬁtim@rl ' .
average surfaGeriQuduness (ieblals, sucn?AACAISIIheo 20O ﬁﬁg‘f ]
roughness % ! ®

and a surface pea
200[err] TheCrBgn€eits AFiB.f crareda msed as thecbuﬂﬁecrel\myuelrthe present

i nvention, therefogg, edgggyéargé i ﬂeSlt %&g‘? Ch%‘ﬁ@%h‘ﬁ&'o tics, and

CSS perfor mance. In anot er e resen
i nventPon, hi gotective pygrgodt: casn ﬂoé‘%kﬁ%\ﬁéerqgn-'fw rﬂ’ﬁgde aéZBQz)s'put ter

deposition, agsawheer,| @)fﬁz’lmrﬁ& ' ﬁ%&ﬁo@eﬂbﬁbdﬁbaﬁﬁﬂn' a¥§§.1co?| ﬁar:ll:'ﬂtr)bbéf e
unde
r, Wi thou Tg‘ﬁl nderlying

sputter depos
Igyer Itpha gé oFo ﬁnﬂzﬁé?fll ’&E:F’éﬁfi? (CN} . PEREE S VEmSIViRFaPat
conposi te undésl pyevictedpratsi agthickness suitadilenfotrapebrebt@ncoreiee Cr

alloy and a ’\Lﬁ‘he&@ﬁ.ﬁ'rg layers, such as about 50A to about 3004, e.g.,

10 1008 to about 200A. As in conventional magnetic
recording media, a layer of the lubricant can be applied
on and bonded to the overcoat. The lubricant topcoat can
be prr.;vided in any suitable thickness, such as about SA
to about S04, e.g., 10& to about 20A. _

15 The present invention provides an efficient method

' | for forming a  magnetic rec':drding media  having

reproducible uniform surface characteristics with
desirable glide performance and improved CSS performance,
while also exhibiting high coercivity. The present

20 invention enables the production of magnetic recerding-
media with coercivities in excess of 3300 Oersteads, a
large SNR, high overwrite, and .small glide height
avalanche. | | . |

Only certain embodiments of the invention and but a

25 few examples of its versatilit§ are shown and described
in the present disclosure. It is to be understeod that .
the invention is capable of use in wvarious other
combinations and environments and is capable of changes
or modifications within the scope of the inventive

30 ' concept as expressed herein.



For exanpl e, high coercivi ties are achieved by form ng a corrposi te
under | ayer conprising a first layer of C or a 25 Cr al |l oy,

i nt er medi w@gg)gﬁ_s alloy layer on the first - | ayer an@cqmgymaﬂlzayer
of Cr or a Cr alloy on the ‘tHIJg%@ @BEEPN alloy layer. A
co

conposi te underl ayer bst | ayer of Cr, an
I nternmedi ate N Al - |l ayer "”‘ r—Fayer, and a third Iayer of
a oV 30 alloy on the internediate Ni Al alloy |ayer 'IPhasSh@eMBfe

particularly suitable in achieving high cqng|V|t|es
enbodi nrent of the present invention schena

in Fig. 5 and ral e 0 and a plura
f or med thereoﬁg&@iggﬁ@% Pé havi ng ord| nary skill i n the art vvoul d
recogni ze, magneti c recording mediumtypically conprises a

E)é?‘}stursgg/e 16512 ;V\DZ? %m:.c record.upg medium, Cfénprls:mg: Wth a
plurality of |ayer® swparmdngticfasuhstrabeeach side of the
substrate. However, éﬁlt@éf@'}&hfferoﬂéger on thea)éqlrbssgfg d on the upper
side of the substrate are | ustrat In Fig. b5, elng under st ood
that a simlar 5 df MefAkkic s b‘HFPredli‘ifP%ot I‘F%‘PEPé%SBPQ't ha

substrate. pluralltyA&ﬁ/ *btBus Pohsy. 05 théf bRIEfedy Arayhdy i s formed on
substrate 50. Buffer lis wtaﬁlx n 0 seryve as a

consi stent uni formasrhr‘f %Ye’f)b QFne Wpp layer; and
a magnetn.c layer on the underlayer.

2. The magnetic recording medium according to claim
1, wherein the buffer layer has a thlckness of about S50A
to about 300A.

3. The magnetic recording medium according to claim
1, wherein the buffer layer comprises nickel-phosphorous.

4. The magnetic recording medium according to claim
1, wherein the bump layer comprises titanium or a
titanium alloy.

5. The magnetic recording medium according to claim
1, wherein the underlayer comprises a layer of nickel-
aluminum, iron-aluminum, chromium-ntolybdenum, chromium-
tungsten, chromium-titanium, chx:omium—tarttalum, chromium- .
5 boron, chromium oxide or chromium-titanium-boron, and the
magnetic recording medium exhibits a coercivity greater

than about 2500 Oersteads.

6. The magnetic recording medium according to claim
5, wherein the underlayer comprises a layer of nickel-
aluminum or iron-aluminum.

7. The magnetic recording medium according to claim
6, wherein the underlayer is a composite comprising a
chromium-containing layer and a nickel-aluminum layer.

A O AR



10 topography on the  bunp I|ayer subsequently sputter

deposited t hereon. Advantageously, buffer layer 51 is - sputtered to a -
t hi ckness between of about 300[err] to about 2,000[err], such as a
450[err] woesmams 1,500[err]. e.qg.. about_900[err], RTGWW16MRpr i se
Ni P, C or a C alloy. de¥@ntage@ugu§%_- lresults have been obt ai ned -
using an N P buffer Iayeﬂ FEPLACED unﬁ | ayer 52 is then sputter
deposited on buffer ====Eﬁ¥3£_ fBu&a—ﬂ ayer 52 typi Tads atmmﬁmnk

or a Ti alloy in the formof a uniformlayer mnth

extending therefromto forma substantiagdy uni form 20

textured surface. An underl ayer 53, conpr|5|ng an

FeAl layer, is then forned on the bunmp. | ayer 52. Part|cularly

hi gh coercivities achi eved h de |t|n
under | ayer conpri % 'ngThe magnellq reeer gFF’E@"I%%P clagg,
exanple, 25 7 coigrteini exhen emmqsasme 33ﬁm&layeads bemprlises,

achi eved by depositin conp05|te under | ayer conpri sing a first
| ayer of Cr, so%ﬁb et %bf i nternedi ate |ayer on the first

| ayer, and dep05| ta ngla:stthl lalyéaye:rom,t_irzesmg/ chromium| By nchifemium

I.nterngedi ate %ﬂ% ehagﬁr §hé g}%etlla(i,e%o 'ayer 54 is then

deposited on ayer ‘car bon overcoat _55_ang
| ubri cant topcoat % Mﬁmﬁla‘ie layeayuERANPERE} Nde pREFERY - B URAGHEY i ¢

| ayer 54. layer forméa BGCeheaFaGaM tihydie; ps[r@dient invention, the
sputter deposited bung g ﬁ 52 has a.textured surf ﬁﬁ H sing a
rel atively uniforndFREFALLRYSH SP™BLiFLNGr © Tomium’ BFbF §W8ﬁ§‘ﬁ Ny a

subst anti al | yeorhé@r shsthe abntermediate 1MMYEB/ 32128
PCT/ US97/ 16512
9. The magnetic recording medium according to claim
8, wherein the £first iayer of the composite underlayer
comprises chromium, the third layer of the composite
~ underlayer comprises a chromium-vanadium alloy, and the
5 bump layer comprises titanium or a titanium alloy.

10. The magnetic recording medium according to
claim 9, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum magnetic_alloy.

11. The magnetic recording medium according to
claim 10, wherein the magnetic recording medium has a
coercivity greater than 3300 Oersteads.

12. . The magnetic recording medium according to
claim 1, wherein the protrusions have a height of. about
50A to about 150&, and a diameter of about 8,000A to
about 40,000A.

13. A magnetic recording medium, comprising:’
a non-magnetic substrate;
a sputtered metallic bump layer, comprising a
plurality of protrusions, formed on the substrate;
5 an underlayer formed on the bump layer; and

A O




20 hei ght, which textured surface is substantially
r epr oduced t hrough subsequently applied underl ayer 53, magnetic

layer 54, wgbhssivercoat 55 and lubrica \npopcoat 5q’crl€§ gh any
ainpl oyed er

conventional magnetic alloy 5 ;
py | ayers partl cularly

54, such as any of vari

_high coercivities have leen achieved—erptoyi ng a Has Been Replaced
alloy layer conprising a CoCr Tap magnet ic alloy. muu
buffer Jlayer 51, bunp |ayer 10 under | ayer (s) 5

| ayer 54 and car bon over coat : 55 ard each Ssputter dep05| ted, thereby
further enhancing rod t|on rou her

enbodi ment of the fr 88§ g’r‘ﬁx R ‘g%n’b??s‘é’édﬁﬁléﬁﬁgrat"%%n
manuf act uri ngtherragatgnetld:S recorétngdlmtgdimdl WwRhibichs ag t baexddriighed in
Fig. 5, excep r topcoat which is not sputter
deposi ted &reatgr tzlfﬁp 2t |n a co %%%IIOHGJ manner as by dissolving a
l'ubricant in an organic soI vent and bondi ng by thermal treatment,

ultraviolet (W) ikuadi ath.@n n o rdance
with the present i rrji\lz%ent [ th)#él ﬁgﬁg@{b 9_- (%‘Lq‘%tl 1“? ?p ?éé?e%ﬂnﬁ %
and conpri ses¢laim 12, s‘éhﬁéﬁ%}’!altll”?— me rzomprlﬁamehlaysubgﬁ ate

i s | nageked -anenitin, Passednt-a1k@dnuig ChaAbsmifh-mB1 um,
t he substrate h% heat soaked. The, heated sybstrate is 25 he passed to

sputtering chSHbSPIES EROGREER o ChE PR um- tltanl“lmayﬁl"r°@lb}m tRFllﬁall

sputte® deposchedminni-beoramst chiremium oxld'éheolﬁexbhﬁeﬁm&mt—ltahaﬁhﬁﬁber I's
heat i ng chanbggrgﬁ foll owed by sputtering chanber 64 wherein a bunp
| ayer, Such as Ti or a Ti alloy, is sputter deposited on the 30
buffer layer to form a textured surface. The

intermediate artichg COMpije snng%ﬁ%eléuft%ao%%ng&”&éa&um %ccn%raf%@rl L Wwhi ch

bump | ayer. is then passed to an sputterin
the under | ayef ag.mdetﬁo&vggreln the underlayer comprises a layer of

nickel-aluminum or iron-aluminum.

16. The magnetic recording medium according to
claim 15, wherein the underlayer is a composite
comprising a chromium- -containing layer and a nickel-
aluminum layer. '

17. The magnetic reeording medium according to
claim 16, wherein the composite underlayer comprises,
sequentially: _

a first layer comprising chromium or a chromium

5 alloy on the bump layer; |

an intermediate layer comprising nickel-aluminum on
the first layer; and _

a third layer comprising chromium or a chromium
alloy on the intermediate layer. |

18. The magnetic recording medium according to
claim 17, wherein the first layer of the composite
underlayer comprises chromium, the third layer of the
composite underlayer comprises a chromium-vanadium alloy, |

5 and the bump layer comprises titanium or a titanium

o ML CLE




Sputtering chanber 65 in Fig. 6 is structured to deposit 35 a conposite

under | ayer by sequentially depositing a first | ayer conprising Cr,
an inter | yer conprising a WO 98/ 32128
PCT/ US97/ @5‘”5@ 21 PCTRPHA6S4 | oy

contai ning the substrate,

, bunp Iayer and co OSIte
underl ayer is then passed : gputtering i ?%h
a magnetic 5 alloy layer is sputter “deposited on II
under| ayer, and then to sputtering chanbe8 67 wherein a
overcoat, typically a carbon protective overcoat, is sputter
deposited on the magnetic all oy | ayer. The resuIting magneti c
recordi ng nmedi um i ass 0 nd.tenoved for
subsequent Slr%ces?’fhnel magne y arﬁ%g conve ﬁ? rﬁihﬁg &ht

t opcoat t her etdaim 18, furt %ecomh%MOgyb\lfﬁﬁr layer opr édentnon-
i nvention magrﬁﬁhmt agBsysh¥esnahleschae ki | salben f ehb lb@ﬁesr of 15

a nmgnetic necording medium except the [ubritCant . topcoat,
by sputter & tion, thereby inproving . t hroughput and
yi el d. Additionally, the present invention is applicable to a

wi de variety of su r at terials such Iass l.ass-ceram c
materials or 20 tkg&el ec?I‘rt}ecaT?gneQI&aSndT?c(f?%n%r ﬁﬂ“g‘ g@-ﬁgs- Yerami ¢
claim 19, wherein the buffer layer is sputtered and has
a thickness of about 50A to about 300A.

21. The magnetic recording medium according to
claim 20, wherein the buffer layer comprlses nickel-
phosphorous '

22. The magnetio_recording medium according to

claim 21, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum magnetic alloy.

23. The magnetic recording medium according to
claim 22, wherein the coercivity is greater than about
3300 Oersteads. ' '

24. The magnetic recording medium according to
‘claim 13, wherein the protrus1ons have a height of about

50A to about 150A, and the dlameter of about 8,0003 to
about 40,000A.

25. A magnetic recording medium, comprising:

a glass or glass-ceramic substrate;

a nlckel-phosphorous buffer layer on the substrate}

a sputtered metallic bump layer, comprlslng a
5 plurallty of protrusions, on the buffer layer;

an underlayer on the bump layer; and

a magnetic layer on the bump layer.

* c L M H *




materials are typically formed by a heat treatnent of the surface to

for(Tathin crystallized | ayer of ceramc thereon. Electrically
conductiv LLes are desirable for obtaining hi ghpeprise
Xingggﬂﬁ A magnetic recordi ng nedi um was_pro uceicgds

accordance with the present mvanM he appar at us

depicted in Fig. 6. A glass substT & E-WdAS segn 1 pl aced on B Re laced
| oad chamber 60, passed to 30: LAQHD ng chanber 61 vvhe

heat ed for about 5 seconds at a ¢w heat i ng po

heat ed substrate was then passed 28 sputterl ng chanber

wherein a NiP buffer layer was deposited at 3.6 kw w a pal | et

speed of 1 (fpn) to28-thi ERAedragIebpureRroNing med1u|nh %‘a§€591ﬁgat‘i‘hg

chanber 63, the)pahl 85, WabeaYed &hed bump layerVEbﬂﬁkigb%Btltanlum or
PCT/ US97/ 16512

about 5 fpm enplobFFREYBBILNET . 204G R RASTAY ST com}gﬁgﬁggra&a‘f’grﬁgbunp

IA;':lyte[1 was depolsiﬁndlahflamam?r of iron- aluﬁukmnwlthchrpaiﬂunt-ns:ﬂa&ﬂmum, f pm
I s_ poi nt e surface o l,tin C

medi um® was  eRBRPRAET- %Vnggﬁenat 'E'S'ir:’r"lié{’Ijl %’ Q BRI, CEE °6“s1c‘%“§q‘o‘{

AFM i mage f or nedromismeiworion,Fi. ghromium ox:.de or chromium- tltanlum-

boron.

27. The magnetic recording medium according to
claim 25, wherein the underlayer comprises a layer of
nickel-aluminum or iron-aluminum.

28. The magnetic recording medium according to
claim 26, wherein the  underlayer is a 'composite'
comprising the chromium or chromium alloy layer and a
nickel-aluminum layer.. '

29. The magnetic recording medium according to
claim 28, wherein the composite underlayer comprises,
sequentially: '

a first layer of chromium- or a chromium alloy on the

5 bump layer; '

an intermediate layer of nickel-aluminum on the
first layer; and ' |

a third layer of chromium or a chromium alloy on the
intermediate layer.

30. The magnetic recording medium according to
claim 29, wherein the first layer comprises chromium and
the third layer comprises a chromium-vanadium alloy. '

31. The magnetic recording medium according to

claim 30, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum alloy.

R




7 and illustrates Ti bunps forned on the Ni P buffer | ayer. Adverting

to Fig. 8 a line scan across several of the bunps shown in Fig. 7

reveal s bunps of about 150[err] 10 - i n height and 24,000[err] in

di anet er . WOr&2828onet ry } nd densi ty canPtmnIsomosm | ed.
vg'ﬂbU%SH

by mani pul ati ng. HAS BiENE gindi t i ons,

power, passhby speed and dunp | lItknes . 03|te
under| ayer conprising a fTrst O fayer, . a N A |nﬂg
on the first O layer, and a " third oV al | oy Iayer

| ayer, was then deposited in spugpering chanber 65 us
depicted in Fig. 6, at a pallet speed of about 2 fpmwth a target

pover of about 4 ksz.1 kmhen%aégﬂeftif@rreeek}daﬁg med.{%gegcéc]r egf
respectively I n sp itter cha 66, CoCr magneti C aIon

| ayer was depdsttBd3ar ¥hpastr t e magﬂﬁ&%&i%ﬁc%ﬁﬁhﬂg4mEqﬁﬂﬁvh§ﬁ )
target power cbedckwity greater pdiah) abduy @M oL SB&H@e. over coat

enpl oyi ng Swanp gas, was then deposited in sputtering chanber 67 at
a pallet 25 speed of about 2.5 fpmwith a target power of about 2.5
kw (4 pairs). A meﬂhmdAﬁiﬂmauqﬁastmmwngTaFh@gneelclréabrdiﬁg the
surface of t t r UHIMAth bunps

originating pﬁe p@%e T En%gtgggfcgﬁgglly Vi si ble. Fig. 30 10 shoms
the hysterisis | ooPPRbEGFHBE fraomh‘-h‘ef%zbovbayer on Panphenkaagngtac
coercivity ofs@m@ufaQQZS CEIsteads a Mt [magnetic remanence (M)
X thig%ness (t)] of g 9 to nenu/cn&err], and a coercive
squar ehess (S*) of SRBbhering a TF%Fl%EF bump -layeg, copprisdng a
magneti c recplmh'a]bltyredfaprmms1ons, orP bl gRiF fidy argpedance with the

present invention Qﬂgtterlng an underlayer on the bump layer;.and
sputtering a magnetic layer on the bump layer.

34. The method according to claim 33, wherein the
buffer layer comprises nickel-phosphorous and a has a
thickness of about 50A to about 300A.

35. The method according to claim 33, further
comprising heating the sputtered buffer layer before
sputtering the bump layer.

36. The method éccording to claim 33, wherein the
underlayer comprises a layer of nickel-aluminum, iron-
aluminum, chromium-molybdenum, chromium-tungsten,
chromium-titanium, - chromium—téhtalum, chromium-boron,

5 chromium oxide or chromium-titanium-boron.

37. The method according to claim 36, wherein the
underlayer comprises a 1ayer of nickel-aluminum or iron-
aluminum.

38. The method according to claim 36, comprising
sputtering a composite underlayer comprising a layer of
chromium or a chromium alloy and a nickel-aluminum layer.
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23 ° tested for performance. Fig. 11 shows the glide height
aval anche, fo such four high coercivity magnetic S di ng nedi a
pr oduced B{/&ﬁlseﬁ“snvent ive sputterin ____nethod. A smal Il’%clﬁ\égg‘rméﬁout .

0.70 to about 0.75 micro- 5 7 %lﬁsc%h dtently obtained. Recording

measur enent s ~ were carltiTEB 8 aUigly an MR head wi t ThiaSheet Has BeeniReplinded
lw of about 35 nA (0-%) and A wereht |b of ab

(0-p) on a GQuzik 1701 and ECTS™tester. The results show te
of about 35-41 dB and signal to nedia noBde 10 - ratio ( ) of abou
19-21 dB. It was observed that_ the . lower SNMR and snal | er

overw ite correspodd to teiBpeRod accordisgr diwvi¢yainuggestdamprising
witing is IigEQadnbyahggd performance. An even larger SMNR i s

obt-ai ned enpl oyi ng _ , a head V\nth]cé;t stropger field and sharper_ field
gradi ent. 15 SPULRGF IRg Foti 1°5h | YD 0EntRERBLIR &%y @ omhieme
producti on of afhgyebinc tihec dukipndLayest- 2 can be enpl oyed in pr oduci ng

t he magnetic record| [ f resent iventian. .Such .
conven ion:';tl mgnegbg%glrél%g??, %'lnnéP‘S:& mediate laggr E:fg\{lﬂ'ﬁﬁ‘lqoli'rﬁlt‘gﬂ”f‘b‘?
cobal t (Co) - basethe| Sigstsdalyeas 2nd cobal t-chromi um (CoCr),

cobal t-ni ckel St onune e o enird, ayek Bk IEhEBHIA Br. o A o)
cobal t - alley, ori e dntaxmadiate ntayeCoCr TaPt), cobal t-chroni um

plati num (CoCrPt), cobalt-nickel-platinum (CoNiPt), 25
cobal t - ni ckel -chrogi um pl.ati num (CoNi CrPt) and cobalt - .
chr oni um pl at i num B8ron (héo@qstrp@d ag¢RringkhesSiaim 3@, whereinghetic
| ayer is consfirsnt hayercocsepiisasl EhochiGRS and theanthiBAufBeyering a
magneti c recordi.ng. um _.Cobal t - ... b al l oys having a thickness
of about 100[%rgbl?g€',§%%b§utc%ﬁum ‘ineWP]?affEXCh as 200[err] to about
500[ err], has been found _ _ : _ _
41. The method according to claim 40, wherein the
magnetic layer comprises a cobalt-chromium-tantalum-
platinum alloy. -

42. An apparatus manufécﬁuring'a magnetic recording
medium, which apparatus comprises:

a load chamber for loading a non-magnetic subétrate;

a sputtering chamber for'dépositing a buffer layer

5 on the substrate; _ .

a sputtering chamber for depositing a metallic bump
layer, comprising a plurality of protrusions, on the
buffer layer; ’

a sputtering chamber for depositing an underlayer on

10 the bump layer; and ' _

a sputtering chamber for depositing a magnetic layer

on the bump layer.

43. The apparatus according to claim 42, comprising
a sputtering chamber for depositing an underlayer
comprising nickel-aluminum or irom-aluminum, on the

buffer layer before the sputtering chamber for depositing
5 the bump layer.

* 4 L ] S * :




sui tabl e. The present invention is not limted to the
particular materials disclosed herein. Various netals, apart from
Ti and Ti-base alloys, can be enployed in 35 sputter de Sltl a bunp
| ayer on W&98823R28substr at es, and any of various nagR tials
can be applied to WD 98/32128. .
PCT/ US97/ 16512 THIS SHEET riAb BEEN 24 t he bunp

| ayer with or without an intﬁrvenlnggndaolayer ' Varieties of
materials, such as CM, O —CrFar B, OO CTiB, can be
used as the buffer |ayer. - I3 accordance with the present
invention, a 5 protective overcoat can conprise zirconi um oxi de
(Zr@), - cagdon, Thac hppanrg thed raxgssed £uig cavbalais | 4T pnwherbide
(SIC) or ac bon ni ( R rofe vercoa S ovi ded
at a thi ckne P‘Pﬁﬁ g‘afyerrm%gp-é&%xﬁg# %tha\('%eg El'%nd%r ct(}frleéti ef.?ﬂ: such
as about 50[ es“erciuem:mblly Bjsiring @ gompla@lte com@r[leamqg a t:brombum

.200[ err]. t e r a |layer
of the | ubri coalln[b c%%n &R 59?5%(113?&9 rahglon an el eic}h?jé%g?gvgrrcoat The
| ubri cant topcoat can be provided in any SU|tabIe t hi ckness, such

as about 5A 4510 @BRUiRAYeItUS. acé@f&iﬁb 1*:.@ a:il(uﬂmw{erwheré‘in
The present inventi Vi des an effici enthne e % r%)rm ng a
magnetic r "Hb‘? ’E:L?i’-f hgering chy FEdu?:F’bIE THSHEER ST face
characteri st igéquemtbally depos:Lt
' a chromium layer;
5 a nickel-aluminum layer on the chromium layer; and
' a chromium-vanadium alloy layer on the nickel-

v

aluminum layer.

_ 46. The apparatus according to claim 45, wherein
the bump layer sputtering chamber is structured to

deposit titanium or a titanium alloy.

T
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is Sheet Has Been Replaced

desi r abl eJﬂ“Mﬂmﬁuﬂﬂmnce and inproved CSS performance, whi | e
aI so exhi rcivi tﬁﬁml%éﬁ%ﬁmgeé’&@:“ ~invention enables

he production of nmagnetic rec eptacep Nedia with coercivities in
excess of 3300 Oersteads, a h overwite, and snall

glide hei JR9%B2IZ ~ ",y o) anche. 33 Only certain e BESHSIUNGSI2 of
the invention and but a 25 few exanpl es of i ts versatility are shown
and descri bed in the present disclosure. is to be understood

t hat the invention is capadMENBED GEAING, var| ous_ oth

conbi nat i ons [zReeised by iken ﬁﬁt opag 1598 {20. 03,P8);

modi fi cati ons SHORRFH Cheledp eb& ﬂﬁm Wi'éan%ﬁgﬁl
expressed herein.

REPLACENMENT SHEET - 25 - VWHAT | S CLAI MED

| S 1. A magnet Acmagoetdicngeoedidimg mu!qmmrm,l mepmprising: a

non- magneti c subs " £red buffer lLayer, having a
t hi ckness of abo % g%% magnetlc su%s%%%é:{ €rr], on the substrate;

a sputtered netal&i cﬂm-‘rﬁjiﬂléﬁﬁbr béé %l si by er pl geapinising  phckel-

pr ot rusi ons, l%ls}t,ﬂgrlggf bar th@)’%ﬁzbstrate an under| ayer formed on the

bu Ia er: gneti | ayer on the underl ayer.
P y a sputterega metaill y £ump Tayer, comprising a

plurality of protrusions, on the buffer layer;
an underlayer formed on the bump layer; and
a magnetic layer on the underlayer.

_ 2. The magnetic recording medium according to claim
1, wherein the buffer layer has a thickness of about 504
to about 300A. :

3. The magnetic recording medium according to claim
1, wherein the 'bump layer comprises titanium or a
titanium alloy. '

4. The magnetic recording medium according to claim
1,- wherein the underlayer comprises a layer of nickel-
aluminum, iron-aluminum, chromium-molybdenum, chromium-
tungsten, chromium-titanium, chromium-tantalum, chromium-
5 boron, chromium oxide or chromium-titanium-boron, and the
magnetic recording medium exhibits a coercivity greater

than about 2500 Oersteads.

5. The magnetic recording medium according to claim
4, wherein the underlayer comprises a layer of nickel-
aluminum or iron-aluminum.

6. The magnetic recording medium according to claim
5, wherein the underlayer is a composite comprising a
chromium-containing layer and a nickel-aluminum layer.

— |1 1T}



2. The magnetic recordi ng nedi um accor diTi§Shest Has Beampe lacéfper ei n t he
buffer | ayer has a thickn =$50[ 50[err]. 3.
The magnetic recordi ng nmedl TMSa8e8rdHAG fto: in the buf f er

| ayer conpwiosss2misckel phdsphor HESLARED: he bunp | ayer CROPUBSAISS512
titaniumor a titani um al I'0y: 7 The maghetic recordi ng medi um
according to claiml1, wherein the Bt fer | ayer conprises nickel
phosphorous and the underl ayer conprises a |ayer of nickel-alum num or

i ron-al um num : The _magpetic recqrdin dium according to. claim4,
wherein the T Tnd3PFayaPnebas: FEEeraLEanHearrE SrCSEquan, ral fyAn
a first |ayeér, comirrging chrhen umomposidte omundeatlager cdpnesesn t he
bunmp | ayer; tialPy. i nternediate | ayer conprising nickel-alum num
| ayer _fsoerq?eecflolha_tﬁg first layer; and - ., athird layer
conpri si ng chronm&imférsénr bAVein gomprising f ghreBiygn 19 PntehFediwbe
| ayess. 6. a1ildie FEEREAI 6nl€ROr Buig TBYEewN according to claimb5, wherein
t he first l'ayer .of the conposjte underl ayer, conpr,jses chronium the
Lhird 1ayer of t A COMSETME AT FYEF CommeTCoing PR LA Lomt B0 anagi um
al l oy, and tlheydtinfotmgdronothei Segsti Lagietn anda titanium al l.oy.

a third laye; comprising chromium or chromium alloy

formed on the intermediate laver.

8. The magnetic recording medium according to claim
7, wherein the first layer of the composite underlayer
‘comprises chromium, the third layer of the composite
underlayer comprises a ¢hromium-vanadium alloy, and the

5 bump layér comprises titanium or a titanium alloy.

9. The magnetic recording medium according to claim
8, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum magnetic alloy. '

10. The magnetic recording medium according to
claim 9, wherein the magnetic recording medium has a
- coercivity greater than 3300 Oersteads.

11. The magnetic recording medium according to
claim 1, wherein the protrusions have a height of about
50A to about 150&, and a diameter of -about 8,000& to
about 40,000A.

12. A magnetic recording medium, comprising:
a non-magnetic substrate;
a sputtered metallic bump .layer, comprising a
plurality of protrusions, formed on the substrate;
5 an underlayer formed on the bump layer; and
a magnetic layer fcrméd on the underlayer, wherein
the magnetic recording medium exhibits a coercivity

* C L M H] * .
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- 26 - 7. The magnetic recording rredhnaﬁhe&d(asBelanmﬁlh@dcl aim6, wherein

the- magnetic | ayer conp |-t | um pl ati num
magnet i c aWd)yansz The nmijgniessi 3 Fecdr d|

rdi l.aim 7,
wherein the etic recordi n@eﬁédFum has a coerC|V|ty M%ﬁ"ﬁﬂin '
3300 Qer st eads 9. Fﬁe——n“'ﬁ———gn‘«?t"‘—l—_c-3§ ecordi ng medi um according to
claim1, wherein the protrusi ons have a height of about 150[err] to
about - 250[ err], and a met er of about 8,000[err]. to about

25, 000[ err] grealt@erAt%hegﬁgor RSFFFRFFe AR %pPP@FﬁéaYer is a g
non rragnetlc‘ccsmmi@éecomprlsmg & &nﬁbhﬁﬁﬁdcﬂﬁitdﬂnﬁl@UBﬁyé@y%.hd a

rising a plur rotru5|ons for on the substrate;
der | ayéet ‘f’fﬁﬂeﬁi%‘ﬁlf%@ gﬁw%ﬁ KFePT g2 mJ.num feGifeti c | ayer
for med on the underlayer, wherein the magneti c recordi ng nmedi um

exhibits a'coerciyjty gpgat g{agg,[@;]hc re&%@fﬁég@@}& aggcgpglugdeg ayer

is a conmposite conpiising a oM um contai ni ng
ni ckel - al umiekadmaydr ofherein ther smdsEkayem pggn@rr:.seslla Iryeragetic

recording ”Er@ié'lE@sPCSPﬁﬂhﬁﬁmt 0 Ci@bHLiQum‘i’ﬁ%\e' N chromtie-HRAD BB,
conprises a conposite of, ﬂgentl % a first |ayer corrprl si ng
chroni um or Eh¥ bWFuFd‘ﬁB’FB? nehromi Wetglgﬁ\'gqugyepnromlum tantg{um

i nt ersredi at echay®iuRoBpibai, Ngchrokehmal vRiden of t BRromium-titanium-
boron.

14. The magnetic recording medium according to
claim 12, wherein the composite underlayer comprises,
sequentially:

a first layer comprising chromium or a chromium

5 alloy on the bump layer;

an intermediate layer éomprising nickel-aluminum on
the first layer; and

a third layer comprising chfrqmiﬁm or a chromium
alloy on the intermediate layer.

15. The magnetic recording medium according to
claim 14, wherein the first layer  of  the composite
underlayér comprises chromium, the third layer of the
composite underlayer comprises a chromium-vanadium alloy,

5 and the bump layer comprises titanium or a titanium
alloy. |

i6. The magnetic recording medium according to
claim 15, further comprising a buffer layer on the non-
magnetic ‘substrate, and the bump layer on the buffer
layer. |

17. The magnetic recording medium according to
claim 16, wherein the buffer layer is sputtered and has
a thickness of about 50A to about 300A.

A S
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first Iayér; and a third | aye umor a chrom um
all oy on the internedi at e ayefr—: Ihéb&ﬁkﬁ ‘%Elecordlng medi um
according to claim 11, whereinl| THIS §he f] |the conposite

under | ayerwoosp2i28es chroni um Hne t t he ROWIUSH7IIE6512
under | ayer conprises a ' :

REPLACEMVENT SHEET ' _ - 27 -

chrom um vanadi um al | oy, and the bunp Iayer conprises  titani um or a
titaniumalloy. 1g13. rdeqaBgRelcC FECOFGing MR aaeebdaihd ol ai m 12,
further conprising a buffer Iayer on the non netic substrate, and
the bunp | &i®nlthe ¥oin | fhey butfer 1?W§rrm§ﬂ’§gff&s@§co‘?ﬁ‘?’ﬁﬁ 1nedi um
according1phdg§n5&dﬁs,mhereln the buffer layer is sputtered and has a
t hi ckness of about 50[err] to about 300[err]. ~15. The nmagnetic
recordi ng medi um according to claim14, wherein the buffer |ayer

conpri ses ni ckeltphosphive omagnetic recording medium -according to
claim 18, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum magnetic alloy.

20. The magnetic recording medium according to
claim 19, wherein the coercivity is greater than about
3300 Oersteads.

21. The magnetic recording medium according to
claim 12, wherein the protrusions have a height of about
50A to about 150A, and the diameter of about 8,000& to
about 40, 000A4. | |

22. A magnetic recording medium, comprising:

a glass or glass-ceramic substrate;

a nickel-phosphorous buffer layer on the substrate;

a sputtered metallic bump layer; comprising a
5 - plurality of protrusions, on the buffer layer;

an'underlayer-on the bump layer; and

a mégnetic layer on the bump iaygr.

23. The magnetic recording medium according to
claim 22, wherein: the bump layer comprises titanium oxr
a titanium alloy; and the underlayer comprisés a layer of
nickel—aiuminum, iron-aluminum, dhromium-ﬁolybdenum,
5 chromium-tungsten,chromium—titanium,chromium—tantalum,'
chromium-boron, chromium oxide or chromium-titanium-

boron.

24. The magnetic recording medium according'to
claim 22, wherein the underlayer comprises a layer of
nickel-aluminum or iron-aluminum.

RN R0
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16. The magnetic recordi ng neditm-accardi MsSHaetGiaaBéEhk lacner ei n the
magnetic |ayer conprises a |lcobggredy omrl pl ati num
magneti c I I 0 17. The negfleti c reppsdi m 16,
wherein’ 8}/3%2 & oerci vi ty is 1'§FEEFFBT::P§:£Ian P'E%éié&’ﬁ‘%

The magnetic recording nmedi um accordi ngg# o cl ai m 10, V\,herel n the
protrusi ons have a height of about 150[err] to about 250[err], and a-
di.anmet er of about 8,000[err] to about 25,000[err]. 19. A nethod of

manuf acturing a magnetic recordi ng nedium which met hod corrpri ses:

sputtering a buffer la lqg%’;p n Oc}(ﬁ} h ou
t hi ckness of abo%’?’ 50[2?1% %%#t: %(ﬁrﬁe rr é)o{rﬁéglig‘(%"n %ﬁcﬁrdl%
substrate; claim 23,sputheweiy athet alulnd@lﬁtmtﬁlf ayb®, éor’rmf@mglae

plurality com Qflsﬁ'h%t rt!%?é Otgﬁroﬂﬂuﬁh%xbuélflfémiﬁ%era’lloy layer YHATLring an
under | ayer on F ayer; and sputtering a nagnetic |ayer on

ump I
the bunp | apéFk kel- alum:.num layer. - 28 - 20. The
met hod according to claim 19, further conprising heating

26. The magnetic recording medium according to
claim 25, wherein the composite underlayer comprises,
" sequentially: '
a first layer of chromium or a chromium alloy on the
5 .~ bump layer; '
an intermediate layer of nickel-aluminum on the
first layer; and |
a third layer of chromium or a chromium alloy on the
intermediate layer. |

27. The magnetic recording medium according to
claim 26, wherein the first layer comprises chromium and
the third layer comprises a chromium-vanadium alloy.

28. The magnetic recording medium according to
‘claim 27, wherein the magnetic layer comprises a cobalt-
chromium-tantalum-platinum alloy.

29. The magnetic recording medium according to
claim 28, wherein the magnetic recording medium has a
coercivity greater than about 3300 Oersteads.

30. A method of manufacturing a magnetic recording

medium, which method comprises:
~ sputtering a buffer layer, comprising nickel-
phosphorous at a thickness of about 50A to about 3004, on
5 a non-magnetic substrate;

sputtering a metallic bump layer, comprising a
- plurality of protrusions, on the buffer layer;

sputtering an underlayer on the bump layer; and

A
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the sputtered buffer |ayer befeus-e:& umiseSheen astHe Iayer. 21. The

nmet hod according to claim 19, WﬁEMBIn conprises a |ayer
of nickel -al um num or iron- aluntnunt accordlng to clalm
21, conpr WOMBPAMttering a e un erI ayer conpr iRGTHEGST/16Sk2 e r
‘chromiumor a chrontuntalloy and a ni ckel - aluntnuntlayer 23. The
met hod according to claim 22, conprisimf sequentially: sputtering
a first layer of chromumor a chrontuntalloy on the bunmp | ayer;
sputtering an i |- al um he first

| ayer; and %tqug%ﬁifeéﬁgégg{: EE& erOE11 trm?hr][:'g‘lr?nm%rnlac‘) & a‘chrom um

al | oy on the internedi ate | ayer. 24 The met hod according to claim

23, wherein the sfji rst d¢€hethod’ CQHEB!ra‘iﬁgChESmdlrQﬁ(‘d3tohe EQitdekayer
conprises a chrom um vanadj um al | oy. 25.. The net accor SI ng to

clai m 24, WERHIFINGE Reghdnisc FhYersPuttergfyhufife 1aYer before
cobal t - tan@@duﬁéﬁﬁﬁgrum@aﬁﬁﬁy layd€. An apparatus nanufacturlng a magnetic
recordi ng nmedi um which appar atus conpri ses: . a load chamber
for | oading a non-magnetic substrate; a sputtering chanmber for
depositing a buf¥zr |Eyermethdéfeaccordinbstated;aim 30, wheaesputheri ng
chanber for, - al L ' - 1 SI.NQ lurality
of protrusu§§§¥¥%gé€ 8%§¥§§%b G APy of hi¥®el- LU AGh9:3R!
aluminum, chromium-molybdenum, chromium-tungsten,

chromium- titanium, chromium-tantalum, chromium-boron,

S chromium oxide or chromium-titanium-boron.

33. The method according to claim 32, wherein the
underlayer comprises a layer of nickel-aluminum or iron-
alumlnum

34. The method according to claim 32, comprising
sputtering a composite underlayer comprising a layer of

chromium or a chromium alloy and a nickel-aluminum layer.

* 35. The method according to claim 34, comprising
sequentially: '
sputtering a first layer of chromium or a chromium
alloy on the bump layer; ' '
5 sputtering an intermediate layer of nickel—aluminum
on the first layer; and
sputtering a third layer of chromium or a chromium
alloy on the intermediate layer.

36. The method according to claim 35, wherein the,
first layer comprises chromium and the third layer

comprises a chromium-vanadium alloy.

37. The method according to claim 36, wherein the
magnetic layer comprises a cobalt-chromium-tantalum-
platinum alloy.
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' | ayer, wherein the underlayer sputteri ng Thik Slektdfas Been Replaved ur ed

0 . for
sequentially depositing a conp E% T : m or chrom um
al l oy | ayﬁﬁ" gﬂg azs{'i ckel -al um ﬁ—ﬁ] 'Saﬁ%ﬁp . PCT/US16512 _

REPLACENME , e -

sputtering chanber for depositing a magngtic layer on t he bunp | ayer.
27. The apparatus according to claim 26, conprising a sputtering

chanber for depositing an underlayer conprising nickel -al um num or

i ron-alum num on the buffer |ayer before the sputtering chanber for

depositing the bu | ayer. 28. The apparatus according.to claim, 26,
wherein the underggye : apP?ﬁﬁ‘{%F‘iaH&%%‘F&ﬁB&nﬁ & 9?98@8&Feﬁef:8rd1ng

sequenti al | ymdapomi,t waich appeyeaiid ewdfprises: a chrom um | ayer;
chr o um vanad unPal T8 TATERCE R ha A Soref Rasretic pypBEratess e
appar at us accor di‘8gsputtleaiime? Thanerifor epositingea buffegplatyeri ng
chanbgr is sppuehur et derasit titanium or-a titani um all oy.
' a sputtering chamber for depositing a metallic bump
layer, comprising a plurality of protrusions, on the
buffer layer;
a sputtering chamber fo:'depositing an underlayer on
10 the bump layer; and . '
a sputtering chamber for depositing a magnetic layer
on the bump layer.

'39. The apparatus according to claim 38, comprising
a spﬁttering chamber for depositing an underlayer
comprising nickel-aluminum or iron-aluminum, on the
buffer layer before the sputtering chamber for depositing
5 the bump layer.

40. The apparatus according to. claim 39, wheréin
the underlayer sputtering chamber is structured for
sequentially depositing a composite comprising a chromium
or chromium alloy layer and a nickel-aluminum layer.

41. The appafatus according to claim 40, wherein
the underlayer sputtering chamber is structured to
sequentially deposit:

a chromium layer;

5 a nickel-aluminum layer on the chromium layer; and

a chromium-vanadium alloy layer on the nickel-
aluminum layer. -

42. The apparatus according to claim 41, wherein
the bump layer sputtering chamber is structured to
deposit titanium or a titanium alloy.

-

" AMENDED SHEET (ARTICLE 19)



30. An apparatus conprising: ,=—- a _pallet for supporting a substrate;
and means for sequeptlaJIassvngﬂ r ég siting a buffer |ayer,
a netallic bunp layer and unqemEH¥E$VRQ§=ﬁS@ﬁg ic layer. -
WO 98/32128 PCT/US97/16512
40 This Sheet Has Been Replaced

43. An apparatus comprising:

a pallet for supporting a substrate; and
means for sequentially sputter depositing a
puffer layer, a metallic bump layer and underlayer and a

5 magnetic layer.
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