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Background of the Invention |

Thig.invention relates to substrates for

10 magnatic:disks, and mgthods for coating and

texturiné {(i.e. roughening] such substrates.
It_is known in the art to use glass

substra%%a for magnetic disks because glass is
suitab1§ impact resistant. In other words, a

15 glass é@bstrate will not be deformed if a read-
write he;d strikeg the disk. However, because
glass. 15 hard and brittle, it is difficult tc¢
mechan;cally texture glass substrates, and
instead, they are typically textured with an HF

20 chemicél etching process prior to being covered
with éﬁ underlayer and a magnetic film. See, for
exémplé, U.S. Patent 5,087,481, issued to Chen, et
al. aéd U.6. Patent 4,833,001, issued to Kijima,
et ali, each of which is incorporated heresin by

25 'refefghce. (The reason that magnetic disk
substrates are textured is to zeduce stiction
betwggn the magnetic disk and a read-write head
during use.) Unfortunately, even chemical

texﬁﬁring of glass substrates is difficult and

—_—
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10 - magnet i ?sl?g ' a%ﬁﬁ(?a@g?c'):?sscogt(f’“rwg&r?ﬁﬁi...\hv 1 texturing
(i.e. rougheni ng)m-e@uchs aalwst r atiesiss. o2 It is known in the artP.50
use gl ass substrates for magnetic disks because glass is
suitably inpact resistant. In:.other words, a 15 gl ass substrate
will not be deformed if a read- . wite head strikes the disk.
However, because glass is hard and brittle, it is difficult to
nechanlcally texture glass subsfrates, and i nstead, they are
typically textured wi tdxpansiive, 28nd it ighetiaulatthi Agfpiegkssgrior to
bei ng covered wi th an-underl ayer and a magnetic film See, for

obtain consistent results with chemical texturing.
It ig'also known in the art to use aluminum
substrate; covered with plated NiP to manufacture
5 magnetic Eisks. Of importance, aluminum is a
light weight material and NiP can be polished and
mechanically textured. Further, the NiP is hard
' énd prevents the aluminum substrate from becoming
dented i£=tﬁe read-write head strikes the disk.

10 (In conﬁ#;st, it is unnecegsary to cover glass
substra:és with plated NiP because glass is more
impact fgsistant than NiP, and to the best of the
presenﬁginventoris knowledge, NiP ig not plated
onto gléss substrates in the manufacture of

15 magnetic digks.) Algo of importance, NiP lends
itself ﬁo being mechanically textured.

Nig-coated aluminum substrates are typicallf
prepared by subjecting an aluminum substrate to a
zincating process, during which it_is immersed in

T 20 an alk;i;ne zinc immersion bath. - Such a process

is described at pages 593 to 595 of "Modern
Electroplating”, edited by Lowenheim, published by
John ﬁiley & Sons, Inc. in 1974, incorporated
herefh;by reference. The zincating process

25 . results in formation of a thin Zn layer on the
aluﬁinhm substrate. The substrate is then plated
with NiP by electroless plating. See, for _

\
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Patent 4 833, 001, m-@suuﬁdmtid‘-' Ki j- |1rmsc 02 et al., each of which is

|ncorporated herein by 25 reference. (The reason that magnetic disk

substrates are textured is to reduce stiction bet ween t he

magnetic disk and a read-wite head during use.) Unfortunately,

even chem cal texturing of glass substrates is difficult and
example, F., Pearlstein, "Electroless Plating”,

publiahed'at pages 710 to 725 of "Modern
Elecﬁroplating“, also incorporated herein by
reference. During this process, the Zn layer is

5 consumed and reﬁlaced by a NiP layer. The NiP
layer is then polished and mechanically texﬁured.

In‘recent years, industry has started

axperiﬁenting with laser texturing. During laser
texturing, a laser beam is used to form craters in

10 the NiP layer. See, for example, U.S., Patent
5,062,021 and 5,108,781, each issued to Ranjan et

—
,

al., incorporated herein by reference. Also see
Baumgar;, et al., "Safe Landings: Lager Texturing
of High;Density Magnetic Disks", Data Storage,

15 March:1956, also incorporated herein by reference.
When uging this procesgs, the substrate must be
smooth .prior to laser texturing.

Qhé advantage of laser texturing ies that it
can be.ﬁsed to texture a small portion of the disk

20 surfaqé to form a “take-off and landing zone"

(. (also called a "contact-start-stop zone" or "CSS
| zone") ‘where the read-write head takes off and
lande when the disk drive is turned on and off,
The rémainder of the disk (the "data zona") is

25 used to store data. In contrast, it is difficult

to limie texeturing to a take-off and landing zone

-
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2 v . expensive, and it is particularly difficu

obt ai n consi st ent M[,gﬁugatéd\“m Gheme gal texturing. It is

al so known in the art to use al um num substrates covered with
plated Ni P to nmanufacture 5 ' magnetic disks. O inportance,
alumnumis a light weight material and Ni P can be polished and
mechanically textured. Further, the NiP is hard and prevents the
al um num substrate fron1becon1ng dented if the read-wite head

stri kes. the disk.
with the_qbove-deecribed HF chemical etching

process.
It has previously been difficult to use a

lager té-cexture a magnetic disk with a glass

5 substrate because laser light having wavelengths
normally used to texture disks is not readily
absorbed by a glass substrate. One has to use a
relatively powerful laser that produces a longer
wavelenth, e.g. a COs laser, to texture gléss.

10 Seea, for;example, Teng, ét al., "Laser Zone
Texture &n A;cernative 8ubstrate Digks", published
at the 1596 Intermag Conference, incorporated
herein 'by reference. It would be desirable to be
able to laser texture a glass substrate instead of

is5 the aboye-mentionad chemical etching technigues.

.
. A method in accordance with our invention
comprisés the step of depogiting a smooth metallic
20 1ayer_oﬁ a glass substrate and texturing the
metalli% layer with a laszer beam. The metallic
layer is preferably impact resigtant, hard and has
a high;melting temperature (e.g. greater than
1000°9C), or for the case of an amorphous metallic
25 layer, a high gléss transition temperature (e.g.,
greater than $00°C),
In a first embodiment, a metallic initiation

layer is deposited on the glass gubstrate followed

: -4~
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substrates with pl ﬁl,ﬁq ol RECAUSR Q@SS 1S nore ' | mpact resi st &4
than NIP, and to the best of the present inventor's know edge,
Ni P is not plated ' onto gl ass substrates in the manufacture of 15

magnetic disks.) Also of inportance, N P | ends itself to being
mechani cal |y textured. Ni P-coated al um num substrates are

typically prepared by subjecting an al um num substrate to a
zincating process, durilg eléctirdliesiss plEHERGESE iNMiP 2hto the anidlikeiéme
zinc imrersion bath. Such a process
layer. . The initiation layer is a material which
facilitatés eiectroless plating of NiP, such as
2n, Pd,lC?, Fe, Rh, Be, NiP, Ni or alloys thereof.
5 The init&acion layer is formed because it is not
possible ﬁo electroless plate NiP directly onto
glass. fAfter electroless plating, the NiP layer
is then polished and laser textured.
During one process in accordance with the
10 first gmbodiment. the initiation layer is a thin
Zn lafér, and is formed by a zincating process.
During this process, Al is deposited on the glass
substréée, e.g. by sputtering, evaporation or
other ﬁéthod. Thereafter, the substrate is
15 subjectéd to the zincating process to férm the Zn
layer?&n the Al layer (the Al layer is typically
either partly or completely consumed during the
zincating process). A NiP layer is then plated
onto the thin Zn layer, e.g. by electroless
20 platiﬁg; The NiP layer is then polished and lager
textﬁred. Of importance, the thin Zn layer
faciii;ates electroless plating of NiP, and the Al
layeﬁ §acilitates the formation of the 2Zn layer by
the éi@cating process. (The zincating process
25 doea not work on bare glass.) 1In lieu of Al,
other materials which can be subjected to a
zincating process, e.g. Mg, can be used. .
\\.
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IS deecrlbed at pages 593t @ﬁgggs?g Moder n 41%c{roplat|ngﬁ
edi ted by Lowenhel"rﬁ"”pffb?lf’ghed gypaes. 02 John Wley & Sons, Inc. in

1974,. i ncorp

orated

herein by reference. The zincating process

results in formation of a thin Zn |layer on the al um num

substrate. The substrate is then plated
pl ati ng. See, .

for

10

15

20

25

In oﬁe variation of the first embodiment, an

. adhesion:layer is deposaited, e.g. by sputtering,

on the glasa substrate prior to depositing the Al
layer, The adhesion layér causes the Al layer tc
strongly.édhere to the substrate, The adhesion
layer is typically Cr, Ta, Mo, W, V, Nb or alloys
thereof

In.a second embodiment, instead of using a 2n
layer formed by the zincating process as the

initiation layer, the initiation layer is formed

on the;shbstrate {or adhesion layer) by another -

proceéé}ze.g. gputtering or evaporation. The NiP .
layer ‘is then formed on the substrate by
electrbless plating. The NiP layer is then
polishéd and laser textured. The advantage of
formiﬁglthe initiation layer in this manner is
ﬁhat iﬁfobviates the need for the zincating and
other pretreatment steps. (In conventional
production of NiP plated aluminum Substrates,
prior to NiP plating, the aluminum substrate is
etche&i subjected to a first zincating step to
forﬁi§32n layer, the 2Zn layer is stripped off, the
subéérate is subjected to a second zincating step,
and tﬂe resulting Zn layer is stripped off. The
subsfféte is then subjected to a third zincating

steﬁ. The etching, first and second zincating

P.7
25

with NiP by el ectrol ess
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exanpl e, F. Pearlstein, "Elet%% Platlng"; Iplibl i shed at pages
710 to 725 of " NoHeP§i 96 ol w ‘EP@C’(’ropl ating", also _| ncor por at ed hereif.8
by . reference. During this process, the Zn layer is 5

consuned and replaced by a NNP layer. The NP ' | ayer is then
pol i shed and nechani cal |y textured. In recent years,

I ndustry has started experinenting with [aser texturing. During
| aser texturing, a laser beamis used to formcraters in 10

the NiP layer. See, fetepsanphd stkippiRgteneps are referred to herein
as "pretréatment".)
Plating NiP onto a glass substrate and then
laser teituring the NiP has numerous advantages.

5 Firstﬂ it is difficult to laser texture a glass
substrate because glass is not Very absorptive of
laser 1£§ht having wavelengths normally used to
textura magnetxc disks. One needs a powerful
laserxr whlch produces llght having longex

10 wavelengths, e.g. a COz laser, to texture uncoated
glass. *in contrast, it ieg relatively easy to
texture.a NiP layer because NiP readily absorbs
laser llght produced by common lasers such as YLF
or vanadate lasers.

15 Second, when laser texturing a substrate, it
ie necessary that the substrate be smooth and
poliaﬁ%@. It ies difficult and expensive to polish
a glaééésubstrate because glass is hard and
brittié? We have discovered that the process of

20 the fiést and gsecond embodiments do not require
that the glass substrate be polished. . Rather, one
can §£mply plate NiP onto a glass substrate and
then-ﬁolish tha NiP layer, which is easier and
lesé:gkpensive than polishing the glass gubstrate.

25 ) ‘ Third, it is very eagsy to zone texture a

substrate by laser texturing, whereas it is

N

o i
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" Saf e,Landi ngs: Laser Texturing.

Dat a Storage, 15

| aser texturing.

of High-Density Magnetic D sks",

P.9

March 1996, al so incorporated herein by reference.
When using this process, the substrate must be snooth prior to

"ine advantage of laser texturing is that

can be used to texture a small portlon of the disk 20 surface to
forn1a "take-of f and Idﬁ&ﬁnguibner impractical kgl seneatexture a glass

contact-start-stop zone" or

head t akes off and

10

15

20

25

%ge") where the read-wite
substrate by chemical etc¢hing.

Fourth, glass used to manufacture magnetic
disks typically has corrosive constituents such as
Na. The Na can diffuse out of the substrate and
promotg_cqrrosion of the magnetic layer. During a
process,iﬁ accordance with our invention, the
glass sﬁpstrate is essentially encapsulated by
Nip, anéﬂNa and other impurities cannot reach and
corrodeléhe magnatic layer.

Fifﬁh, plated glass substrates have better
impact ‘resigtance than commonly usged plated
aluminum substrates, |

Of importance, most disks are manufactured
using an aluminumlspbstrate that is subjscted to
the-ziné%ting process and then plated with NiP. A -
glass substrate with a thin Zn layer can be
procesged into a completed magneﬁic disk without
devia#ihg from manufacturing procésses already
estabiﬁshed for conventional aluminum substrate
magnétic disks.

In accordance with a third embodiment of our
invention, a layer of material is deposited on a
glasé substrate (e.g. by sputtering, evaporation
or othér technique) and then the layer of material
is iasér textured. The layer of material

subjected to lager texturing is capable of

It
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the disk’(the "data zope, )“ |°§d m‘?@‘ 170266.04/S€d to store data.> In contrast,

it
4

is difficult

lTmt-texturing to a take-off and | anding zone

with the above descri bed HF chenical etching

10

15

a0

25

absorbingﬁlight having the wavelength of the lasex
uzed dufing laser texturing. In additiom, the
layer of material has good impact reaistance and
hardness. In one embodiment, the layer of
material subjected to laser texturing is
amorphoﬁs, e.g. an alloy comprising at least one
of Ni, Pd, Pt, Re and Fe and at least one of Nb,
Ta, Zr,.fi, Wand V. The layer of material can
also be an alloy comprising at least one of Ni,
Co, Fe.gnd Mo and at least one of P, B, S8e and Sb.

In anéﬁisr embodiment, the layer of material is a
crystaiiine material having a high melting point
guch asfa Co or Ni based alloy, or a silicide of
Ni, Nb.and Pt.

In‘accordance with one variation of the third

embodi@ént, an adhesion layer such as sputtered Cr
is formed between the substrate and the laser

texturgd material.

The third embodiment enjoys many of the same .

advantages of the first and second embodiments,
except that it is preferable that the glass
substrate be polished and initially smooth before
deposgiting layers thereon,

The third embodiment has the advantage in
that sputtering is a low.cost, clean, fast

process. In the third embodiment, plating is

{533-0694 P,
Poad OFF 12 (PRINTED page iilng r emai nder of

P.1g

avoided.
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|l aser to teexture a magpel,
| aser |ight having wavel eng
absorbed by a glass substrate. One has to use a

not readily

Q,F%%‘Skfw\-; t,);,pg“gulzz;ss .5 substrat e because

ormal |y used to texture disks is

relatively powerful |aser that produces a | onger wavel enth, e.qg.
a CdJerr] laser, to texture glass. 10 See, for exanple, Teng, et
al ., "Laser Zone Texture on Alternative Substrate Di sks",
publ i shed

herein by reference.

10

15

20

25
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range of laser bump shapes to be provided than can. -

be prbvidé_.d in a layer of plated NiP, For
example, ;ne can make "sombrero" bumps over a
wider ranée of laser texturing conditions thaﬂ the
plated NiP, §epen&ing on the material used..
| In_époﬁher variation of the third embodiment,
the layer of material subjected to laser texturing
comprises gputtered NiNb, The NiNb can be 50% by
mole Ni'ahd 50% Nb, but other compositions,
includihg compositions with additives, may also be
uged. Of importance, NiNb has the following
advantig;s:
a) . It is hard; so it is unlikely to deform
.. if the disk impacts a read-write head.
b) . .NiNb raesists corrosgion.
cy. NiNb is amorphous, and forms lasgr bumps
: having reqular shapes.
a) NiNb doeé not "splatter' when textured
. E with a laser pulse.
:efi NiNb does not easily crack or burn
5 through when textured with a laser
pulse;
i) One can form laser texture features
.' having good shapes even when the NiNb is
relatively thin,
—_
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A nmethod in accordance with our_ invention conprises the step of
deposi‘ting a snmooth netallic 20 | ayer on a gl ass substrate and
texturing the metallic layer with a | aser beam The netallic

| ayer is preferably inpact resistant, hard and has a high

nel ting tenperature (e.g., greater than 1000[err]), or for t he

case of an anorphous netal li 5 Ia errﬁ,%gﬁtgtbtglt%%sﬂhgngie%t?&tggﬁ{ﬁt}Jre

25 - (e.g. greater t haf’ 500
does not change too much if the lasex

power varies. (This makes it easier to
contrel the texture féatures during
5 .f'manufacturing.)
h) ' NiNb strongly adheres to glass without
| the need for a separate adhesion layer,
It is desirable to deﬁosit the layer of
material to be laser textured such that it has a
10 smooth sﬁrface. However, in one embodiment, this
layer hgs a small amount of roughness to lower
stictioh and friction in case the read write head
inadvertently touches down in the data zone.
A. substrate used with a process in accordance
15 with o@é invention is typically a chemically
strenggﬁened glass substrate, such as a
borosiiicate glass. The glass substrates
discussed in the above-incorporated Kijima and
Chen ﬁatents can be used. Alternmatively, other
20 subat#ate materials such as glass ceramic, 8iC,

sintered carbon or Si can be used.
-
e tion rawi
Fige, la and 1b illustrate in cross section a
25 magnetic disk having a glass substrate during a

manufacturing procesgs in accordance thh a first

- \\\\\\\\\\\\\Tf\ii‘\‘i\e\'\‘ii“'
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REPLACEMENT SHEET 5 by
el ectrol ess plating of NP onto the initiation | ayer. The
initiation layer is a materi al whi ch facilitates el ectrol ess
plating of Ni P, such as ~ Zn, Pd, Co, Fe, Rh, Be, NNP, N or alloys
t her eof . : '

Figf lc illustrates in cross section the
magnetic disk of Figs. la and 1b at the conclusion
of manufacturing.

Figs. 2a and 2b illustrate laser bumps formed

5 in a plated NiP layer in accordance with our
invention. _

Fi§£ 3 jllustrates in cross section a
magnetlc dlsk having a glass substrate during a
manufactur;ng process in accordance with a second

10 embodzmgpt of our invention.

| Fié. 4 illustrates in cross section a
magnetié disk having a glass substrate constructed
in accordance with a third embodiment of our
invepfign.

15 Fig. § illustrates laser bumps formed in a
NiNb Tgyer'férmed on a glass substrate in
accordéﬁce with our invention,.

Fig. 6 illﬁstrates a "sombrero" shaped bump
formed“by a laser in a sputtered NiP-layer (15.5

20 wt. ¥°P).

ﬁig. 7 illustrates a "ridge" shaped bump
formeé'by a laser in a sputtered NiP layer (15.5
wt. %'P).

' Fxg B 111ustrates the relationghip between

25 the thickness of a NiNb layer and the energy

required.to burn through the NiNb layer.

I‘hls Sheet Has Been R
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possible to electroless p|ate N P diTectly onto gl a3 After
el ectrol ess plating, the |f9P%yer o "“is then polished and | aser
t ext ur ed. . During one process in accordance with the 10
first enbodinment, the initiation layer ‘is a thin Zn |l ayer, and is
formed by a zincating process. ~ During this process, Al is
deposited on the gl ass substraate, e.g. by sputtering, evaporation
or ot her nmet hod. Thereafter, th ubstrate is 1 subj ect ed
to the zincating process to form tHagn? iliustrat§§y%ﬁe Eiﬁ%%?RFhFﬁyé?tween

(the Al Tayer is typically bump height and laser pulse energy for various
texture iayer materials.
Fig. 10 compares the impact resistance of
5 disks compriging Al substrates covered with plated
Nip and disks comprising glass sﬁbstrates;
Fig.'ll schematically iilustrates a magnetic

digk drive incorporating a disk in accordance with

our invention.

10
Referring to Fig, la, a disk 110 includes a
15 glass,substrate'llz, a Cr adhesion layer 114 and
an Al layer 11§. Substrate 112 ig typically
chemically strengthened borosilicate or
alumigdsilicate glass. Cr adhesion layer 114 is
typiéélly 5 to 50 nm thick (in one embodiment it
20 is 2d;nm thick) and is formed by sputtering at a
rate of 4 nm/second at a power of 1 kw and a
pressure of 6.5 mtorr in argon. In one
embodiment, an Intevac 250A sputtering system
(mahﬁfactured by Intevac of Santa Clara, CA) is
25 used to D.C. magnetron sputter layers 114 and 116.

Al layer 116 is typically SO to 500 nm thick (in

oné embodiment 200 nm thick) and is also formed by

\.

1)

D



ei t her partly or cogplg§§?748@%§§%ﬁﬂﬁﬂurlng 18) ¥incating

procesS). A N P | aykes} 8s t,ﬂe.;g’ﬁ‘a{,eﬁ, 02 onto the thin zn layer, efgls
by el ectroless 20 plating. The NiP layer is then polished and | aser -
texturéd. O inportance, the thin Zn |ayer facilitates

el ectroless plating of NP, and the Al | ayer facilitates the
formation of the Zn | ayer by the zincating process. (The

zincating process 25 does not work on bare glass.) In lieu of A,

other materials which caf,Ba GUHECHRdal Pafe of 6.3 nm/delohlll BY BIHGRSS.
e.g. My, can be used. o
of 1 kw and a pressure of 10 mtorr in argon. Cr
1éyér 11; is optional, and is provided to ensure
Ithat subsequently deposited layers strongly adhere
5 to glasa substrate 112. Al layer 116 facilitates
a subsequent zincating process;

Referring ﬁo Fig. 1ib, disk 110 is subjected
to a zinéating process, e.g. as described in the
abovefincorporated Lowanheim reference, to form a

10 Zn ini;iation layer 117.. Zn initiation layer 117
is tyﬁi?ally about 5 to 10 nm thick. During thie
process; Al layer 116 is partially or completely
consuméd,-depending on ite thickness.

In one embodiment, the substrate is subjected

15 te a first zincating process, the resulting Zn

| layer is stripped off by dilute nitric and
sulfuric acids, the substrate is subjected to a
secdnd}zinc;ting process, the resulting 2n layer
is stripped off, and then the substrate is

20 subjég;ed to a third zincating procesa. These
process steps result in formation of an improved
NiP film (foxrmed in a sﬁbsequent plating process,
descfibed below) with a finer NiP nodule
structure, and a smoother Nip surface, but it is

25 not presently clear why this is. In other

embodiments, the zincating process is only

s il i

e ———
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adhesion layer is deposited, e, f”by.§ g}&ering, “oh the gl ass P.16
substrate prior to depB‘s‘ﬁ’i'ﬁgm‘f ﬂ'e Al ' | ayer. The adhesion | ayer '
causes the. Al- layer to 5 strongly adhere to the substrate. The

adhesi on . | ayer is typically C, Ta, Mo, W V, Nbo or alloys

performed twice. In yet other embodiments, the
zincating process is only performed once.
Refgrring to Fig. lc, NiP layer 118 is

deposiﬁed to a thickness between § and 10 microns,

5 and typically about 8 microns, by electroless
plating. NiP plating is discussed by Pearlstein,
"Electf&less Plating", which is chapter 31 of the
third edition of "Modern Electroplating®, edited
by Lowenheim, published by Wiley in 1374,

10 incorporated herein by reference. During NiP
platihg, Zn layer 117 is consumed, (Of
impoftgnce, eleﬁtroless plating of NiP ig an
autoqégalytic process. Zn layer 117 initiates
that ﬁ#ocess.}

1s ’NiP layer 118 is then polished using

| conventional techniques and laser textured to form -
bumpéfs. Laser texturing can be accomplighed
usingghn yttrium vanadate laser, available from
Spectra Physics Corporation, Such a lasex

20 typically produces pulses at a frequency of 5 KHz
hav;ng a duration of about 10 to 70 nanoseconds
("néfj, a gpot size of 6 to 11 microns, delivering
o.oéiio 3 microjoules per pulse and a wavelength
of iﬁ064 microns. Alternatively; an yttrium

25 lutétium fluoride ("YLF") laser, manufactured by

: SChQartz Electro Optics Co., with a wave length of

1.047 microns, 0.3 to 15 microjoules per pulse, a

= il
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t hereof . - 77 @AM ?e\ﬁﬁ?r\tﬁ?eﬂbzagf rrenfpmmﬁ’sf“éﬁql&{fl using a zn
| ayer formed by the,. ZsN6ablang Pr.aGRss.As the 10 initiation | ayer, p.t7
the initiation.layer is forned on the substrate (or adhesion
| ayer) * by anot her process, e.g. sputtering or evaporation. The
Ni P | ayer is then formed on the substrate by
el ectroless plating. The NNP layer is then 15 pol i shed and | aser
textured. The advant age of formng the initiation Iayer in this
manner is that it o viatgs t he need for the 2|fcat|n

_ spot size of 6 to 11 microns, se ra 70 .

KHz, and a pulse duration of 200 to 300 ns can be
used, waever, othexr types of lasers can be used
to texture a digk in accordance with our
5 inventién.
W#ile the lasef is pointed at the NiP film,
the subétrate is rotated, so that each pulse forms
a bump at a different positicun on the disk. . Tha
amount of energy delivered during each pulse, the
10 pulse duration and spot size are gelected to
provide bumps having a desired size and profile.
Fig. 2a illustrates a series of laser bumps formed
on a plated NiP layer on a glass substrate. The
substgate included a 20 nm thick Cr layer and a
15 200 n thick Al layer. A sacrificial Zn.léyer was
forméé by a zincating process, and the NiP was
plateé.thereon. The laser bhumps were formed in a
series, each group of bumps in the series labeled
from 1 to 19 in Fig. 2a. Laser pulses at 2.86
20 micréjoules of energy were used to form group 1.
The spot size was 11 microns, and the laser pulse
duration was 25 ns.
- The power used to form the bumps in group 2
wasﬁé% greater than the power used to form the
25 buﬁpé in group 1, the power usged to form the bumps
in g}oup 3 was 5% greater than the power used to

form the bumps in group 2, and so forth. As can

\
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: 1 . .
ot her pretreatment steps 3?%héfbﬁ$bﬁ¥90n ° "m""m)wﬁFQﬂHctlon of NiP
pl at ed. al um num subsit Jesdt RS « " s7ezss.@fior to Ni P plating, the alunminum p,ig

substrate is et ched, subjected to a first zincating step to
forma Zn layer, the Zn layer is:'stripped off, the substrate is
subj ected-to a second zincating step, and the resulting Zn | ayer
Is stripped off. The 25 substrate is then subjected to a third

zi ncating step. The etching, first and second zincating

be seen, one can alter the size and profile of the
laser bumps by adjusting the power of the lager
beam used to form the bumps. In ¢ne embodiment,
the energy'used to form laser bﬁmps is between 2
5 and 6 microjoules, the pulse duration is between

14 and 40 ne, and the spot size is between § and
11 microns However, our invention is not limited
to thefgpecific parameters used to form bumps, and
those skilléd in the art will be able to select

10 lazer parameters to tailor bump sizes and profiles
to gsuit their requirements.

The bump shapes in Fig. 2a are generally

"sombrero" shaped., Laser pulses typically form
either a soﬁbrero shape (e.g. as shown in Fig. §)

is or a ridge shape (Fig. 7). In a plated NiP layer,
one qgn form sombrero shaped bumps, as shown in
Fig.Téa and 6, or ridge shaped bumps, ag shown in
Fig.rﬁb and 7. (The bumps of Figs. 6 and 7 wefe
formed in layers of sputtered NiP. Laser

20 texﬁuring of sputterad NiP layers is discugsed
below.) Sombreros can be formed in plated NiP
using short pulses (e.g. less than about 30 na)
combined with wide spot sizes (e.g. greater than
abbut 10 microns). Ridge shapes predominate under

25 othef conditions,  Fig. 2b shows a set of ridge .
shaﬁed bumps formed in plated NiP. The NiP was

fofﬁed on a glass gubstrate covered with 20 nm

- I
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as "pretreatnent". )msoss s a W %, wofdkating NiP onto a gl ass substrate ang, g
t hen | aser texturing the Ni P has numerous advant ages. 5
First,’ it is difficult to |aser -texture a glass . substrat e because
glass is not very absorptive of - | aser |ight having wavel engt hs
normal ly used to texture magnetic disks. One needs a powerful

thick Cr:’and 200 nm thick Al. The Al was
subjected to a zincating steﬁ and electroless
plating of NiP. The bumps in Fig. 2b are arranged
in rows labeled 21 to 39. The bumps were formed
5 using 40 ns laser pulses and a spot size of 8
micronsﬂ The spots in row 21 were formed with
puléés 6f 0.77 ﬁicrojoules. The pulges in row 22
had 10% more energy than those of row 21, the
pulses of row 23 had 10% more energy than those of
10 row zzﬁ:and go forth. As can be seen, the Fig. 2b
bumps?éfe ridge shaped.
oér invention encompasses both ridge and
_sombrefd bumps. In the case of either type of
bump, the bump height increases with increased
18 lasef;power. For either type of bump, the laser
powérfmust be sufficient to melt the NiP. The
lasér'bower should not be so great as to burn
through the NiP.
féfcer texturing, disk 110 is then completed
20 by afconventianal process, e.g. sputtering a non-
ferfbmagnetic underlayer such as a NiP or Cr
underlayer 120, a magnetic layer 122 and a
proééctive overcoat 124. See, for example, U.S.
Patent 5,180,640, issued to Yamashita,
25 . incorporated herein by referencs,
" "In one embodiment, underlayer 120 is Cxr and

magnetic layer 122 is an alloy such as CoCxTa

= Wi
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| aser whi ch prod:-t?cegs? | FeGRPH | 45§ toomge ST (P"'""’Dvﬁ%}l%nglt hs, e.g. a
CJderr] laser, to {a¥hWeaeidRCoal efhses.o2 gl ass. ntrast, it is p,zg
relatively easy to texture a NiP | ayer because NP readily
absor bs - | aser |ight produced by common | asers such as YLF
or vanadate |lasers. 15 Second, when | aser texturing a
substrate, it i s necessary that the substrate be snooth and
polished. It is difficult and eXpensive to polish a gl ass
substrate because glass is hard_ an t have d| covered
that the process of 20 ep°51t?‘ﬁeﬁtflar s”telél‘f'd"@éé’oh%ﬂ’én%‘hq ﬁot

require (e.g. about 10 nm/second). The substrate is

heated to about 200°C during sputtering. Cr
underlayer 120 is used to contxol the
5 magnetization direction of magnetic layer 122.
The present invention can also be used in a
sputtering process in which the substrate is not
heated.i In one example of such a process,

underlayer 120 includes a mixture of NiP and about
10 2% Aly03, and magnetic layer 122 comprises

CoNiPtTiTa and a small amount of Si0y, sputtered

at a relatively slow rate (e.g. less than 0.5
nm/second). (See, for example, U.S8. Patent
Application Serial No. 08/286,653, filed by Chen,
1s et al., assigned to Komag, Inc., incorpérated
herein by feference.) However, our invention is
not limited to the specific materials used in the
.underléyer or magnetic layer, nor ig our invention
limited to the épecific deposition methods or
20 conditions.
.:'?or example, in lieu of sputtered NiP, other
spuﬁééred underlayer materials can be used, e.g.
as described in U.8. Patent 4,786,564,
indbiporated herein by reference.
25 | In lieu of Cr as adhesion layer 114, other
materials can be used, e.g. Ta, Ma, W, V or Nb, or
I
This Sheet Has B
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t hat the gl ass substrate %‘5";5‘@@&6’6?9 Rat her, Onerc> PAGE 2201 can sinply

plate Ni P onto a gl assssvshsd wat €. assks.oz t hen pol’i sh the Ni P | ayer ,p.24
which is easier and | ess expensive than polishing the gl ass
substrate. 25 Third, it is very easy to zone texture a
substrate by |aser texturing, whereas it is

8

alloys thereof. Alternatively, adhesion layer 114
can be omittad. ,
Iﬁ’;ieu of Al layer 116, other materials that
can be sﬁbjected to a zinc&ting process can be
5 used, e:g. Mg or alloys of Al or Mg.
In lieu of plated NiP, other materials can be
plated?onto the substrate for laser texturing,
e.g. CoP or FeP.
In lieu of borosilicate or aluminosilicate
10 glass, other glass compositions or materials such
ag silicon, 8iC, ceramic, glass ceramic, or
sintered carbon can be used as substrate 112.
25 mentioned above, a substrate in accordance
witﬁ ﬁhis embodiment need not be extremely smooth.
15 Insté#d, one can use an unpolished glass
substrate, plate NiP thereon, and polish the NiP,
In dﬁe embodiment, the glass substrate has a
roughness Ra greater than 50A as measured by an
atomic force microscope. In ancther embodiment,
20 the glass substrate hasz a roughness Ra greater
thén'looi, and in one embodiment, greater than
20dA5 The glage substrate Ra is typically less
thaﬁ;about 10% of the thickness of the NiP formed
on &he disk. '
25

cond Emb ent Usi lati O

I‘hls Sheet Has Been
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Pd, Co, Fe, Rh, Be, NiP, Ni and alloys thereof.
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_chem calwetaghiatg. 97 &5 v Gia W . 2dz0lfth, gl ass used t§ manuf acture magnetic
di sks typically has corrosive constituents such. as 5 Na. The Na
can diffuse out of the substrate and pronote corrosion of the
magnetic |layer. During a process in accordance with our
i nvention, the gl ass substrate is essentially encapsul ated by
Ni P, and Na and other inpurities cannot reach and 10 corrode the
magnetic | ayer. Fig. A fillustirated gl magnstibstdidies sradarhagt er
| npact resistance than commonly used pl ated
a manufacturlng process in accordance with a
second embodiment of our invention, inecluding
glass substrate .112 and optional Cr adhesion layer
5 114 ‘as discussaed above. However, in the
embodiment of Fig. 3, a Zn initiation layer 115 is
formed by a vacuum deposition process auch as
sputtéfing. When formed by sputtering, Zn layer
115 can be sputtered at a rate of 24 nm/second at
10 a power of 1 kw and a pressure of 10 mtorr in
argon. Zn layer 115 is typically 60 nm thick.
Thereafter, NiP layer 118 is electroless
plated onto 2n initiation layer 115, and is then
polished and laser textured. (Zn layer 115 is
15 either partially or completely consumed during NiP
plating.) Manufacture of the disk is then
completed by deposition of underlayer 120,
magnetic layer 122 and protective overcoat 124 as
discussed above in relation to Fig 1e¢.

20 In lieu of Zn, other materials capable ot

VY

initiating electroless plating can be used, e.q.
Pd, Co; Fe; Rh, Be, NiP, Ni and alloys thereof.
Such materials can be vacuum-deposited (e.g., by
sputtefiné) either onto adhesion layer 114, or

25 directiy'onto substrate 112:

I —
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fmanuf act ured 15-4083 us olbiing an?@@déLe® num substrate that is subjected to

the ‘zi ncating process and then plated with NiP. A gl ass substrate
with a thin Zn | ayer can be processed into a conpl eted nagnetic
di sk wi t hout deviating frommanufacturing processes already 20
establ i shed for conventional; alun1nunlsubstrate nagnetlc di sks.

In accordance with a 4 2al ayer

of material is dep03|ted'on a
Layexr

Referring to Fig. 4, in another embodiment of
our inveﬁﬁion, ingtead of using electrolegs plated
5 | NiP, a NiNb layef 119 (e.g. 50% Ni, S0% Nb by
mole) is vacuum-deposited onto adhesion layer 114,
e.g. to a thickness of 50 to 500 nm. In one
embodiment, NiNb is deposited by sputtering. NiNb
is amorphoué and does not tend to crystallize. We
10 have discovered that texture bumps can be formed
in NiNb;having a height of 20 to 30 nm. Even for
NiNb films 100 nm thick, We have found that
texture bumps-of 20 to 25 nm can be formed.
In one embodiment, laser texturing is
18 accomplished using a vanadate laser, a laser pulse
Quration of 14 to 260 ns, an enérgy per pulse of
. 0.1 to 10 microjoules, and a gpot size of 6 to 11
micrbns.l |
FLg. 5 illustrates a series of laser bumps
20 labeled 41 to 59 formed in a 500 nm thick
(- _ sputtered NiNb £ilm in accordance with our
invention. The laser was the same as that used to
form the bumps in Fige. Z2a and 2b. The substrate
included a 25 nm thick Cr layer. The energy used
25 to form the bumps in group 41 was 1.44
microjoules, with each succeeding group of bumps

formed with 10% more energy.

-22-~
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| ayer of mat 8PY 3P ﬁés@@@w ﬂﬂﬁpa'm 76701 STANER BRAWED Pace 25) 3 hardness. In one
enbodi ment, the ng@sP ®lora wi® 7, 1jeass/P@tEri al subjected to laser texturing.gs

anor phous, e.g. an a on conprising at |east one . of N, Pd, Pt
Re and Fe and at | east one of Nb, Ta, Zr, Ti, Wand V. The |ayer
of material can al so be an alloy conprising at | east one of N
10 Co, Fe and Mb and at |east one of P, B, Se and Sb. In
anot her enbodi nent, the |layer of material is a crystalline

material having a h'gh?ﬂféé'£gh&§¥é3 to burn thro&%ﬁﬁhfﬁiﬂi $3y8% tendaged

alloy, or a silicide o
axis of Fig. 10}.

In.Fig. 8, the NiNb layer was sputtered onto
a 25 nm Cr layer formed on a glass substrate. The
5 spot size and pulse duration of the laser pulse

used to collect the data of Fig. 8§ were as

followa{Q :
Curve in Fig, 8 Pulse Duration Spot_Size
60 14 ns 6 microns
61 14 ‘us 1l microns
62 : 270 ns § microns
63 270 ns 11 microns

10 As can be seen, the thicker the.layer being textured,
the greatef Ehe energy needed to burn therethrough,
After ?exturing, the disk is completed by forming
underlayerlizo, magnetic layer 122 and protective
overcoat 124fas discussed above.
15 In another embodiment, NiNb is sputtered directly
onto substrate 112,
As stated above, we have discovered that NiNb has
a unique combination of characteristics that make it
guperior to other materials. It is hard, it resists.
20 cracking ‘and burn-through during laser texturing, it
resists corrosion and adheres strongly to glass. One
can form excellent texture features with NiNb even when

the NiNb is thin (e.g. 100 to 150 nm thick). The laser

o T
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, Nb and Pt. 15 Bsgcemedance Wi ¥R Gﬁkfﬁﬁy;jaU|on of the third

enbodl ment, an adhgghQn,! @y@,ﬂum,‘as’,sputtered Cr is formed p.24
between the substrate ang t he | aser textured materia

The third enbodi ment enjoys many: of the sane 20 advantages of the
first and second enbodi nents, o except that it is preferable that
the gl ass substrate be’ pollshed and initially snooth before
depositing |l ayers thereon. The third enbodi nent has the
advantage in 25 g hOBnS PASdS o chinge ' S8 SRR 1F $3%er SSber

varies, 8o it.is easy to control disk manufacturing
proceases 1f NiNb ieg used. Also, NiNb produces
exXcellent, reproducible texture features without
5 Msplats".
In one:emﬁodiment; the Nb content of the NiNb film
is between 16 and 60 at. %¥. The Ni content is between
84 and 40%. °‘In another embodiment, the Nb content is
between 45 ané 55 at. %, and the Ni content is between
100 55 and 45 at.f%. (I£ the Nb content is too high, the
bumps will be’too low. If the Nb content is too low,
the bump helghts in the NiNb film will be too sensitive
to variations in laser power.)
In lieu of NiNb, other materials can alsc be ueed,
15 e.g. alloys having a first constituent comprising one
of Ni, Pd,‘?tﬂ Re and Fe and a second constituent
comprising one of Nb, Ta, 2x, Ti, W and V. Such a
material shﬁuld be hérd and have good impact
resistanceﬁifWhen sputtered, these materialg tend to
20 deposit in amorphous form,

) In anbther embodiment, an alloy having a first
constitueng comprising one of Ni, Co, Fe and Mo and a
second constituent comprising one of P, B, Se and Sb
can be used. _Such alloys ares also sputter deposited in

25 amorphoﬁs form.
In anbther embodiment, a crystalline £ilm having a

high melting point can be used, e.g. Co and Ni based

-25-
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range ‘of l-aser bunp shapes to be provided than can be provided in

a layer of plated Ni P. For

alloys. 8ilicides such as silicides of Ni, Nb and Pt,
can be used.
Preferably, a texture layer (such as NiNb or the
materials listed above) in accordance with this
5 embodiment has a thickness between 10 and 1000 nm.

Thinner layers are preferable for economic reasons.
Sputtering can be by DC magnetron, RF or RF magnetron
sputtering at high ratés (e.g9. 2 to 20 nm/seconds) and
low pressures (1 to 20 mtorr). The texture laver

10 should be smooth prior to laser texturing. This is
important beéauge texturing is typically only performed
in the CSS zone, and the data zone of the disk should

remain smooth.

15 Q:hs:_gza.m_l.e_s.‘
Example 1
s;bstrates were prepared by depositing 20 nm
thicﬁidr on a borogilicate glags subatrate. An
amorﬁhous NiP layer having a thicknesses of 1
20 microﬂ:has sPutterea onto the Cr layer, and laser
textured. The lasér energy was between 0.1 and
2.63 microjoules per pulse, each éulse lasting 14
ns. The spot size wag 11 microns.
Fig. 6 shows a sombrero bump formed in a 1
25 micron thick layer of NiP (15.5 wt. ¥ P) sputtered
onto a 80 nm Cr layer, which was sputtered onta a
glass gubstrate. The pulse duration was 14 ns,

-
_\\—-
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texturing conditiogsedsh@ib Re . ijezee.oz plated Ni P, dep@?ﬁdl ng on the

' saa-nssq PA
aRImpE OVET 46 (BRINTED PacEwizghef range of | aser

mat eri al used. I n anot her variation of the third enbodimentp,'26
the layer of material subjected to |aser texturing conpri ses
sputtered NiNb. The NiNb can be 50 % by 10 nole Ni and 50% Nb, but

ot her conpositions,

I ncl udi ng conpositions with additives, nmay

al so be used. O inportance Ni Nb has the follow ng

advant ages:

I f the disk inpacts a rea

10

15

20

25

energy wasg 0,59 microjoules.

Flg 7 shows a ridge bump, also formed in a
layer of 1 micron thick NiP {15.5 wt. % P)
sputtered onto 80 nm Cr, which was sputtered onto
a glass substrate. The pulse duration was 14 ns
and the spot size‘was 11 microns. The pulse
energy was 0.94 microjoﬁles. It is thus seen that
for the case.of & 14 ns pulse duration and an 11
micron spot size, one can form either ridge or
sombrero bumps in sputtered NiP, depending on the

lager pulse energy.

A substrate was prepared by depositing 20 nm
thick Cr as a borosilicate glass substrate.
Amorph@us-NiNb layers having thicknesses of 100
om, 500 nm and 1 micron were sputtered on the Cr
layer and laser textured. The NiNb was 50% Ni by
mole. &Laser pulses of 0.5 to 13 microjoules, 25
to 26; ns in duration, and spot sizeg of 6 to 1
micréﬁs were used, Sombrerc shaped bumps were
formed under all conditions, but esize and height
increased with power. By reducing film thickness,
one could use less power to make bumps of a given
size. If laser power was too great, the lager

would burn through the NiNb film. The thinner the

—_—
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| aser burrps N-4053 US 014 W ha:v:mgof egul ar shapes. d  p.2
Ni No does not "splatter" when textured 20 with a | aser
pul se. ™’ - e) N Nb does not easily crack or burn
t hrough when textured with a | aser pul se;
f) One can form|laser texture features 25 havi ng good
shapes even when the NiNb is relatively thin

£ilm, the less energy was needed to burn through
the NiNb. Also, the smaller the spot size, the
less energy was needed to burn through the NiNb.
However,fthis is not a problem, because texture

5 bumps ha;ing heights between 0 and 100 nm can be
formed using laser power that was not so great as

to burnithrough the NiNb.

Example 3
10 A substrate was prepared‘by depositing 20 nm

thickiCr on a borosilicate substrate. Crystalline
NiAl layers having thicknesses of 100 nm, 500 nm
and 1 micron were sputtered on the Cr layer‘and
laser textured. The NiAl was a 50% Ni by mole.

15 Laser pulse energy of 0.93 to 6.3 microjoules, a
pulse 'duration of 25 ns and a 10 micron spot size
ware ﬁsed. Sombrero bumps tended to form in NiAl
£ilme having thicknesses ¢f 100 nm and 500 nm.
Ridgé-bumps tended to form in the 1 micron thick

20 NiA} £ilm,

NiAl films cracked for laser poweis above
1.0: 3;6 and 4.0 microjoules for NiAl thicknesses
of 100, 500 and 1000 nm, respectively (for pulses
of 25 ns duration and a 10 micron spot size).

25 Craéking is undesirable, and is believed to be due

to film stress. It is further beliesved that film

—
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does not change tooumhlﬁh:sldia whe laﬁea 02 ' ‘power varies. P.28
(This nmakes it easier to control the texture features
during* 5 nanufacturlng.) h) N Nb strongly

adheres to gl ass w thout

10

stress (and therefore cracking) can be avoided by
adjusting sputter conditions of the NiAl.
Other Examples

In one embodiment, a 100 to 500 nm thick
magnetic (CoNiPtTaTisiO, is gputtered onto a 25 nm
thick C;:adhesien layer which in turn sputtered
onto a:glass substraﬁe. The CoNiPtTaTisSig, layer
iz then lasger textured.

In.anothér embodiment, a 100 to 500 nm thick
Cu layef was deposited on a Ta adhesion layer

which in turn was sputtered on a glags substrate.

.The Cu was then laser textured.

15

In another embodimerit, a 130 nm thick NiSi
(81 &t. % Ni, 19 at.%¥ 8i) layer was sputtered onto
a glass substrate and then laser textured.

In another embodiment, 100 to 500 nm thick Cr

is sputtered onto a glass substrate and laser

textured, (Although one can form bumps on Crx, the

20

25

bumps tend to be small. At higher laser power,
the Cr tends to crack or burn through.)

:In another embodiment, 1285 to 600 nm thick Ta
is sputtered onto a glass substrate.and then lasex
textured.

: In another embodiment, 100 to 500 nm thick Al
is sputtered onto a Ta adhesion layer. The Al is
theﬁilaser textured. (Although one can form

texture features in Al, Al is relatively soft, and

-29-
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deposit the layer Qf.ee: vsorawi TaieSdiaal to be laser teftured such that itP

has a 10 - snmooth surface. However, in one enbodinent, this .23

| ayer has a snall anount of roughness to | ower stiction and

friction in case the read wite head | nadvertently touches down

in the data zone. | ~ A substrate used with a process in

accordance 15 wi th our invention is typically a chemcally

strengt hened gl ass substrate, such as a borosilicate glass. The

gl ass substrates tharefore other harder materials may be more
desirable.)

Although different metallic materials can be
used in our invention, we have found that the
5 combination of qualities found in NiNb is
superiér.; For:example, NiNb is harder than Al,
more corroeion-resistant than Cu, does not burn

through as readily as Cr, and forms better texture

feature shapes than Ta.

10

As mentioned above, bump heights increase
with increases in laser energy. It ig generally
15 desizable that for the material and laser
parameters being used, the bump height not vary by
more';han i nm per 1% fluctuation in laser power.
This'is because laser power for typical lagers
fluctuates during use, and it is desirable to
20 minimize the resulting bump height variation.
Fig.js illustratas-the relationship betweén bump
haight and laser pulse energy for NiP-plated Al
(curve 80), 100 nm thick NiNb sputtered onto 25 nm
thick Cr sputtered onto.glass (cu}ve 81), and 100

25 nm thick CoNiPtTaTiS10, sputtered onto 25 nm thick

Cr sputtered onto glass (curve 82).
(CoNiPLTaTiS10, is a magnetic alloy, and would

\'\-

- -t . \\
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dlscussed in the above |n§§HB w83 784y | N afg (PRINTED PacE_aghen patents can
be used. Alternati vigkaés eoblaew, O1702¢6.02 SUbstrate mat erials such as gl ass 2

ceramc, SiC, sintered carbon or Si can be used.
Bri ef Description of the Draw ngs Figs. 1A and 1B illustrate
In cross section a 25 magneti c di sk having a gl ass substrate during

a manuf act uri ng process in accordance with a first
enbodi nent of our invention. :

generally:be undesgirable as a texture layer for ,
that resason.) The Y axis of Fig. 9 is in
nanometers, while the X axis represents laser
pulse energy in microjoules. 1In curve 81, the

5 slope is generally less than 1 nm per 1% change in
pulse energy. In curve 82, for pulses less than 1
microjogle, the slope ig also less than 1 nm per
1% changé in pulse energy for curve 80, operating
near thé top of curve 80 provideg the benefit of

10 near insensitivity to laser pulse energy '
fluctuéticns. {Operating near the top of curve 80
also pkévents the bump heights from being chosen
arbitrarily as it can be in curves 81 and 82).
The bumps in Fig. 9 had the following shapes:

15 ' 80 sombreros

81 ridges

82 sombreros

20 fis demonstrated above, a lager can be used to
textﬁ?e a metallic f£ilm on a glass substrate. One
advantage of this method ie that glass substrates
exhibit greater impact resistance than Nip-plated
aluminum. Fig. 10 shows the force needed to dent

25 subétrates having the following structures:

1. An aluminum substrate plated with 8
‘micron thick NiP (labeled "NiP/AL® in Fig. 10);

//II Wi~

*--t= 4m the disk surface. The diamond marks

—
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magnetic di sk of F| 1 Soss ot ofi) . dozdeN@ concl usion

manuf agt uri ng.’ |gs 2A and 2B illustrate Iaser bunmps forned
5 in a plated NP layer in accordance with our i nventi on.
Fig. 3 illustrates in cross section a

2, Glass covered with 20 nm thick Cr
(labeied "G/Cxr" in Fig. 10);
3. Glass covered with 1 micron thick Nial
(labeled "G/NiAl" in Fig. 10); and
s : 4, Glass covered with 20 nm thick Cr, 200
nm thick Al (subjected to a zincating process),
and 8§ nm thick NiP (labeled "G/Cr/Al/NiP" in Fig.
10).
During Ehe test corresponding to Fig. 10, a
(' 10 disk with a 50% slider resting thereon was
accelerated and theq suddenly stopped. (The texm
"S0% slider" 1s well known in the art, and refers
to thé.éize of the slider.) Since the disk
rapidly decelerated, the slider resting on the
15 disk ﬁas rapiﬁly decelerated by the force exerted
by.che disk surface against the slider. This
force was measured in "G's", and is set forth on
the ¥ axis of Fig. 10. (1 @ is the force that
decelerates an object 9.8 meters per second
( 20 squared, i.e. the force of gravity.) This test
| can Be used to simulate the force exerted on a
disk and slider if one inadvertently drops a disk
drive-on the floor. The X's in Fig. 10 indicate
those test trials which resulted in unacceptable
25 dents in the disk surface. The diamond marks
indicate those test trials which did not result in

unacceptable dente in the disk surface.

-332- I —
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magne't I C di sk'ww*pwmmﬁﬂ Banuf acturing

process’in accordancg, i o eCNd,sed 9, embodi ment OF our inventi on.
a

Fig. 4 illustrates in cross section magnetic di sk having a

gl ass sybstrate constructed i n accordance with a third enbodi nent
of our I nvention. 15 Fig. S5 illustrates |aser bunps
formed in a Ni Nb | ayer formed on a glass substrate in

accordance with our invention. Fig. 6 illustrates a

"sonbrero" shaped bunp ,
As can be seen, it took 180 G's to dent the

NiP-plated aluminum substrate, and about 250 G's
to dent the glass substrates. Thus, glass
substrates are more impact resistant than Nip-

5 plated Al.

industyrial Application
Fig. 11 illustrateQ a magnetic disk drive 100
including a magnetic disk 102 constructed in
10_ accordan&e with our inventiom. Disk 102 is
coupleq.to a motor 104 for rotating disk 102. In
one eﬁﬁbdiment, disk 102 relates at a speed
betweeﬁ 5000 and 10,000 rpm. A pair of read-write
heads 106a, 106b are mounted on arms 108a, 108b,
15 which in turn are moved by actuators (not shown)
for positioning heads 106a, 106b over selected
data'tracks on disk 102.
‘Heads 106a, 106b "fly" over disk 102 during
usé. ‘Heads 106a, 106b may be inductive read-write
20 headg or magneto-resistive read-write heads.
 ¥In alternative embodiments disk_drive 100 may
coniéin several magnetic disks, The combcnents of
disk?drive 100 are all conventional except for
disk 103. Details concerning disk drives are
25 diééussed in U.S. Patents 4,949,202 (Kim);
5,025,335 (Stefansky); and S,027,241 (Hitachi),
each of which is incorporated herein by reference.

I
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Fig. 7 -illustrates a rldge d” bunp formed™ Dy a | aser inP&t
sputtered Ni P | ayer 148shs oud W 1"%5‘ 9% P) Fig. 8
illustrates the relationship between 25 the thickness of a N Nb

| ayer and the energy ~required to burn through the Ni No | ayer

While the invention has been described with
respect to specific embodiments, those skilled in
the art will recognize that changes can be made in

5 form:and detail without departing from the spirit
and séope of the invention., For example, the
present invention can be used in accordance with
non-metallic substrates or non-conductive
substrates other than glass. See, for example,

10 Perettie, "Alternative Substrates: The Critical
Issues", IDEMA Insight, November/December 1995,
inco?ﬁorated herein by reference, In addition,
the various layers on ﬁhe disk can be formed by
anyzéf several methods, e.g. sputtering,

15 evagqfation, etc. The invention is not limited by
depﬁéition parameters, such as pressures and
depésition rates. The invention can be used to
zoné;texture a magnetic disk, or to texture the
entire surface of a magnetic disk. 1In the

20 alternative, the invention can be used te form a
rough texture having large bumps in CSS zone and a
sﬁoqéher texture hﬁving small bumps in a data
zoné. Althbugh the invention can Be practiced
with metallic texture layers having a high melting

25 poini, the present invention can be practiced with

other laser texture layer materials such as Al or

~34-
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. bum helght and Iaser pul se ener f vari ous texture | ayer
‘materials. w-4053 US Oldity 18%?:28%%% es the inpact resistance of 5

di sks conprising Al substrates covered with plated Ni P and di sks
conprising glass substrates. Fig. 11 schematically
illustrates a magnetic di sk drive incorporating a disk in
accordance with our invention.

cu. Accordingly. all such ¢Hanges come within

the'present.invencion.
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10 - MAYDRR 497 oW BERYC 488pa30TE7e odi nent Using a
Pl ati ng Process " M-4083 US 014 ‘,@er;&g}g“t o Fig. 1A a di'sk 110 incl udesP&a33
15 . gl ass substrate 112, a. Cr adhesion |layer 114 and an A
| ayer 116. Substrate 112 is typlcally chemcalTy strengtnened
borosilicate or al um nosi | i cate gl ass. 4 1is
typically 5 to 50 nmthick (in one enbodi rrent It Zémmﬂmlﬂ’m‘!ﬁnf h| ck)
and is fornmed by sputtering at a te of seco
of 1 kw and a We claim: ‘

:533-869% PABE 33 (PRINTED ﬁGF SFB)

1. A method for making a magnetic disk
comprising the ateps of:
depositing a texture layer on a glass or
5 glass ceramic substrate;
:}aser texturing said texture layer; and
:&epositiﬁg an underlayer, magnetic layer and

protective overcoat on said texture layer.

10 2. Method of claim 1 wherein said texture

layer is metallic.

3., Method of claim 2 wherein said texture
layer is formed by electroless.plating.
15 |
‘4, Method of claim 3 further comprising the
step of depositing an initiation layer on said )
subétraté, gaid initiation layer initiating
electroless plating of said texture layer onto

20 said substrate.

5. Method of claim 4 wherein said
initiation layer comprises a material selacted
from the group congisting of 2n, Pd, Co, Fe, Rh,

25 Be, NiD and Ni.
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250A sputtering system ~—~ manuf actured by Intevad of Santa C ar £.34
CA) is 25 used- 8 ¥ €2 Mragneft8hi*sput t er Tayers I14and 116

o' i 2 S oy T T

6. Method of claim 5 wherein said'
initiation layer is an alloy of at least one
material salected from the group consigting of 2n,

Pd, Co, Fe, Rh, Be, NiP and Ni.

7. Method of claim 4 wherein said

initiation layer is formed by vacuum deposition,

8. Mefhod of claim 7 wherein said

io initiation_layer is formed by sputtering.

‘9, Method of claim 4 wherein said
init;ation layer comprises Zn, and said step of
depositing said initiation layer comprises the

15 steps of:

depositing a metallic layer on said

subé?rate; and
.'subjecting said substrate to a zincating
process, whereby said metallic layér is at least

20 parﬁially consumed.

10. Method of c¢laim 9 wherein said metallic
layér comprises a material selected from the group

consisting of Al, Mg, Al alloys and Mg alloys.
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sput.tering, at aMivase of @59%?" EPBP ot (PRINTED PASE 3810 1 kw and a

pressure of 40 ntorr in argpp g% rn“su%ayer 114 is optional, and is P.3s
provi ded to ensure BhaY subsequent y deposited |ayers stroﬁ“]y

adhere 5 ° to glass substrate 112. | ayer meammlm,gﬂﬂ
a subsequent zincating process. . Ref er jHII]iI sk

110 i s subjected to a zincating process, ‘as 'dedcrfbet in the
above-i ncorporated Lowenheimreference, to forma 10 Zn initiation
layer 117. Zn initiation layer 1141, Method &5 ¢Mlincal Ifnuréhewt cOmppidindbhe
thick. During this

step of forming an adhesion layer between said

substrate and saild texture layer.

5 12. Method of claim 1 wherein salid texture

layer is formed by vacuum deposition,

;13. Method of claim 12 wherein said texture

layer is an alloy compriging a first material
10 selééted from the group consisting of Ni, pd, pt,
Re and Fe and a second material selected from the

group consisting of Nb, Ta, 2r, Ti, W and V.

14. Method of claim 12 wherein said texturs
1s layer is an alloy comprising a first material
selected from the group consisting of Ni, Co, Fe
and Mo and a second material selected from the

group consisting of P, B, 8e and Sb.

20 . 15, Method of claim 12 wherein said texture

layer is a Co or Ni based alloy.

16. Method of claim 12 wherein said texture

layer is a silicide of a material selected from

25 the group congisting of Ni, Nb and Pt.
-38- —n
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process, Al I")éP Pls 91554255%@835329'03 conpl8t‘EfLy 1 consuned,
depending on its thicknesSe oq wi 1a2e6.0; | N one enbodi nent, the subst e

i s subjected 15 to a first zincating proctess;—the—resulting Zn

| ayer is’'stripped off by dilute nitric and 4 furic acids, the
substrate is subjected to a second Z”"'gﬂj”'@wu@,ﬂﬂl’s t he
resulting Zn | ayer i's stripped off, andc - trate is 20
subjected to a third zincating process. These : . .. process steps

result in formation of an inproMed The magnetbbFaiik MdduFatedred By the
subsequent pl ating process,

method of_claim 1.

18, A method for manufacturing a magnetic
s disk comprising the steps of:
.depositing a metallic initiation layer onto a
glass or glas§ ceramic substrate;
electroless plating a NiP layer onto said
substraﬁe after said step of depositing said
10 metallic initiation layer, said initiation layer
initiating said electroless plating of NiP;
;- ‘lager texturing said NiP layer; and
| depositing an underlayer, magnetic layer and
protective overcoat onto said NiP layer after said

15  step of laser texturing.

19. Method of c¢laim 18 further comprising
the step of forming an adhegion layer between said
substrate and initiation layer, =aid adhesion

20 layer comprising a material selected from the
gréup of materials consisting of Cr, Ta, Mo, W, V
andib, said underlayer comprising a spubttered
material selected from the group conéisting of NiP
and Cr.

25 |

20. A method for manufacturing a magnegic

disk comprising:
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snoot her Ni P surface, "bggs bst m%n 17026602 MOL PT ent | cI‘ea‘r why this i#®.37
I n ot her ? t hé “zincating process is only

;Fncatl ng- éroceggrrgrgﬁldyt \glef?or rrleg )c/)ﬁtceOt ner errboH"mc” ,l”"’nm””"’ _
mos s

depositing an ihitiation layer on a
glass or glass ceramic substrate;
electrolesé plating a layer on said
initiétion layer; and
5 - 4 depogiting an underlayer, wagnetic layer
and_ptotective overcoat on said electroless plated

layer,

'21. Method of Claim 20 wherein said
10 electroless plated layer comprises NiP, said:
method further.comprising the step of laser
texturing said NiP layer, depositing said
' undérlayer'on said NiP layer, and depcositing said
magﬁétic layer 6n said underlayer.
15 | _
22, Method for manufacturing a magnetic disk
comprising the steps of providing a substrate;
.providing a layer comprising Ni and Nb
on the substrate; and
20 3 laser texturing the layer comprising Ni

and Nb,

23. Methed of Claim 22 Qherein said
sﬁgstrate comprises a material éeiected from the
25 seé of materials comprising glass, glass ceramic,
SiC, 81 or sputtered carbon.
[ —
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bet ween 5:=and 10. m crgq?sa us o§4w ? yp| cally about 8 ‘mrons, by P.38
el ectrol ess at 1'ng. ip pla |ng i s di scuss

"El ectrol ess Plating”, which is chapter 31 of th | rd edltlon

of "Modern El ectroplating”, edited u’””ml hed by
Wley in 1974, 10 I ncorporated herein by refeve

plating, Zn layer 117 is consuned. (O |nportance electroless
Pating ol NPis an B O ok RI2IE S FelF el tayer

comprising Ni and Nb is a NiNb alloy between 50 to

500 nm thick.

5 25, Method of Claim 22 wherein said layer
comprising Ni and Nb is between 16 and 60 at.% Nb
and between 84 and 40 at. & Ni,

_ 26. A disk manufactured by the method of
10 Claim 22.

. 27. A disk drive comprising:
a disk as manufactured by the method of
, Claims 1, 20 or 22;
15 _ ; a motor coupled to the disk for rotating
the disk;
a read-write head held in proximity to
said disk for reading data from and writing

" data to the disk,

v W
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conventional techni qugs,ang, qus“eﬁ e:ﬁi%‘!@ad to form bunps B. La8e¥?
texturing can be accoinls hed : using an yttrlun1vanadate | aser,
avail abl e from Spectra. Physi cs -Corporation. Such a laser 20
typically produces pulses at a frequency of 5 KHz havi ng a
duration of about 10 to 70 nanoseconds ("ns"), a spot size of 6
to 11 mcrons, delivering 0.06 to 3 mcrojoules per pulse and a
wavel engt h of 1.064 mcrons. Alternatively, an yttrium 25

lutetiumfluoride ("YLF') | aser, manufactured by
METHOD FOR PREPARING A SUBSTRATE FOR A MAGNETIC

DISK

5 Caroline A. Ross

Martin P. Rosenblum

ABSTRACT
‘A method for manufacturing a magnetic disk
10 comprises the step of depositing a metallic layer
on é glass substrate and laser téxturing the
metallic layer. The magnetic disk is then
completed by depogition of (a) an underlayer such
as Cr or sputtered NiP, (b) a magnetic layer such
15 as a Co or Fe alloy, and (c) a protective ovércoat
such as ZrOj. carbon or hydrogenated carbon. By
providing the above-mentioned metallic layer,
laser texturing can now be used in conjunction

with glass substrates.
20 :

This Sheet Has Been Re,p

e RN




Sc h\\dck welEhoat pe 4DPeg? . 5331869 PARR 40 ((REINTER, POE 130 9 1. 047 nifEBNS,
Q.-?r?,\ﬁ;: ?‘g”‘f‘ﬁ;é’? oPou %4% & 4?@75%;1 i v
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16 -’ . spot size of 6 to 11 mCrHH§,L/%f§uI%§ rate of 70
KHz, amnd a pul se duration of 200 to 300-ns can be used. However,

other types ab~| asers can be used
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While the laser is pointed at the NP film e su e i3 oF ¥
rotated, so that each pulse forns i a”i)‘dtﬂgét Uté{'di ff rentvgosition
on the,disk. The anount of energy delivered during each pul se,
t he 1i . *fulse duration and spot size are selected to
provi d& bunps having a desife | i leiss! e. Fig. 2A .
illustrates a seri &saSﬁff Al ég% incate/ lsem)msgNimp?)hSher
on a gl ass substraiglasefe2 A ! t g‘uf]ﬁcruc?e a 20 nmthick O
| ayer and a 15 200 rmthick Al layer. A sacrificial Zn |ayer was
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forrreH "W”&W’@é&%ﬁﬁ 633’45 wgggheﬂqﬂi Fz weranTED PAsE 4s) 1Pl ated thereon.
The | aser bunps were orrreé - series, each group of, bunps k.42

the series |abeled fr'om 1 to 19 in Figm2ysBes pul Shhea?” 386K 4
20 m croj oul es of energy were used to form group 1. The

spot size was <4l microns, and the | aser puI se duration was 25 ns.
The power used to formthe bunps in group 2 was 5% greater than

the power used to foermthe 25° bunmps in group 1, the power used to
formthe bunps in group 3 was 5% greater than the power used to
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[ g“% one can alter the size and profile,qof 8eus Shead Y of

: Iaser bunps by adj usting the power of the |aser e used to form
t he bunps. .1 n one enbodi nent, * . the energy used to formlaser bunps
IS beﬂween 2 5 , and ? mcrgbjul es, the pul se duration is between

£ Nilb sessd (0
2b% ns
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14 and 40 rllsE,[f)‘lfggll% .t%hsé gwmasﬁ;sg?ﬁ\ﬁé@n 48 (BHYTED PABE 47) 1 11 mi crons.
However, our invention is not limted to the specific paranet et.g4
used to form bunps, and "~ tHase skilled in iéfogI 81| {RHaere SoofF ¥
select 10 .,laser paraneters to tailor bunp sizes and profiles
The bunp shapes in Fig. 2A are ~

to suit ?eljr r'etui rement s. ;

general | e ~sorireru-straptcu. tdserg"ﬁulnﬁ (] qwtﬂaf-orm n
ei ther af sonbrero shape (e.g. as shown in Fi—g—.—-@é—-—l—é& oT™ a r!%’e positon  _
shape (Fi %{ 7). In a plated N P l-ayer, one can form ggnty‘gwi {nd;s
' 0.8

shaped bungs, as shown in

1397.6A o / \ s

=216.28 J

165,14 -

S EE

| - ) -ssz.sA../ 2.0
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Fi g pibfivanads/@) aggst npsd BABE 5 85 LRRIVTRD FOE 487 1 Fig. 2B &hds7.
(ITg%Rburrvgmg‘*% F'%S ﬁ%%@ggﬁw‘b : o

Pgs 1 formed in | i '
Ni P. Laser 20 o tgxturl\rll\grgf sputtered &Irgel alygrégz?r‘ssﬁgégsse‘gﬁw éd'

bel ow.) So eros can be forned in plated NN P usi ng short pul ses
(e.qg. th.am_ about 30 ns) conbined with wi de spot sizes (e.dqg.
gr eat than¥> about 10 mcrons). R dge shapes predom nate under
25. other conditions. Fig. 2B shows a set of ridge - shaped
bunps §orned in plated N P. LI'he Ni P was formed on a gl ass

subst rfat e covered with 20 nm-

W Pw e =y & . " Bae

NINIVCr (250AYGLASS SUBSTRATE
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by a conventi onal

After texturing, disk 110 is-then conpleted 20
process, e.g. sputtering a non- ferromagneti c underl ayer such as

a NPor C under| ayer 120, a nagnetic |ayer 122 and a

protective overcoat 124. See, for exanple, U.S. Pat ent 5, 180, 640,
I ssued to Yamashita, 25 I ncor porated herein by reference.
I n one enbodi nent, underlayer 120 is O and magnetic |ayer 122 is

an all oy such as CoCrTa
¢
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Caroline A. Ross
5 . Martin Philip Rosenblum'’. 27 AUG 1997

Background of the Invention _

This invention relates to substrates for

10 magnetic disks, and methods for coating and

texturing (i.e. roughening) such substrates.
It is known in the art to use glass

substrates for magnetic disks because glass is
suitably impact resistant. In other words, a

15 glass substrate will not be deformed if a read-
write head strikes the disk. However, because
glass is hard and brittle, it is difficult to
mechanically texture glass substrates, and
instead, they are typically textured with an HF

20 chemical etching process prior to being covered

| | with an underlayer and a mégnetic film. See, for
example, U.S..Patent 5;087,481, issued to Chen, et
al. and U.S. Patent 4,833,001, issued to Kijima,
et al., each of which ié incorporated herein by

25 reference. (The reason that magnetic disk
substrates are textured is to redﬁce stiction
between the magnetic disk and a read-write head )

during use.) Unfortunately, even chemical

texturing of glass substrates is difficult and



under |l ayer 120 includes a m xture of Ni P and about 10 2%

Al[err]Jerr], and magnetic |l ayer 122 conprises CoNi Pt Ti Ta and a
smal | anount of Sierr], sputtered at arelatively slowrate
(e.g. less than 0.5 nm second). (See, for exanple, U S. Patent
Application Serial No. 08/286,653, filed by,Chen, 15 et al.
assigned to Komag, Inc., incorporated herei n by reference )
However, our invention is not limted to the specific materials
used in the under | ayer or magnetic |layer, nor is our invention
limted to the speC|f|c de%%%é]‘“‘ té“%E;ﬁgrtf%ularly @Piéﬁf@sto .

obtain con51stent.results with chemical texturing.
It is also known in the art to use aluminum
substrates covered with plated NiP to manufacture
5 'magnetic disks. bf importance, aluminum is a

light weight material and NiP can be polished and
mechanically textured. Further, the NiP is hard
and prevents the aluminum substrate from becoming
dented if the read-write head strikes the disk.

10 (In contrast, it is unnecessary to cover glass
substrates with plated NiP because glass is more
impact resistant than NiP, and to the best of the
present inventor's knowledge, NiP is not plated
onto glass substrates in the manufacture of

is magnetic disks;) Also of importance, NiP lends
itself to being mechanically textured.

NiP-coated alﬁminum substrates are typically

‘prepared by subjecting an aluminum substrete to a
zincating process, during which it is immersed in

20 an alkaline zinc¢ immersion bath. Such a process
is described at,pages 593 to 595 of "Modern
Electroplating“, edited by Lowenheim, published by
John Wiley & Sons, Inc. in 1974, incorporated |
herein by reference. The zincating process

25 results in formation of a thin Zn layer on the

aluminum substrate. The substrate is then plated

with NiP by electroless plating. See, for REPLACEMENT SHE

27 AUG 997




For exanple, in lieu of sputtered N P, other - sputtered underl ayer

materials can be used, e.g. : - as described in U S. Patent

4,786, 564, i ncorporated herein by reference. 25 In
lieu of O as adhesion |ayer 114, other materials can be used,
-e.g. Ta, Mo, W V or Nb, or ' 3 . 20

example, F. Pearlstein, "Electroless Plating",
published at pages 710 to 725 of "Modern
Electroplating", also incorporated herein by
reference. During this prdcess, the Zn layer is

5 _ consumed and replaced by a NiP layer. The NiP
layer is then pqiished and mechanically textured.

'In recent years)'industry has started |

experimenting ﬁith laser texturing;. During laser
texturing, a-laser beam is used to form crateré in

10 the NiP layer. See, for example, U.S. Patent
5,062,021 and 5,108;781, each issued to Ranjan et
al., incorporated herein by reference; Also see
Baumgart, et al., "Safe Landings: Laser Texturing
of High-Density Magnetic~Disks“, Data Storage,

15 March 1996, also incorporaﬁed herein by reference.
When using this process, the substrate must be
smooth prior to laser texturing.

One advantage of laser texturing is that it
can be used to texture a small portion of the disk

20 surface to form a "take-off and landing zone"
(also called a “contact-start-sﬁop zone" or "CSS
zone") where the read-write head takes off and
lands when the disk drive is turned on and off.
The remainder of the disk (the "data zone") ié

25 used to store data. In contrast, it is difficult

to limit texturing to a take-off and landing zone

REPLACEMENT SHEET
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al I oys thereof.

Al ternatively, adhesion |ayer 114 -can be om tted.

In lieu of Al layer 116, other materials that carl RepEAlEMENTES: S
a -zincating process can be 5 used, e.g. My or alloys e
In lieu of plated NP, other materials can be : | 4t dfntothe
substrate for |aser texturing, e.g. CoP or FeP. 7 AUG 1997 |
lieu of borosilicate or alumnosilicate 1§ gl ass, ofth¢r_gl ass
conpositions or materials such as silicon, SiC, g¢eramc, glass

ceranic, or

10

15

20

25

with the above-described HF chemical etching
process.

It has previously been difficult to use a
laser to texture a magnetic disk with a glass
éubstrate because laser light having wavelengths
normally used to texture disks is not readily
absorbed by a glass substrate. One has to use a
relatively powerful laser that produces a longer
wavelenth, e.g. a COz laser, to texture glass.
See, for example, Teng, et al., "Laser Zone
Texture on Alternative Substrate Disks", published
at the 1996 Intermag Conference, incorporated -
herein by reference. It would be desirable to be
able to laser texture a glass substrate insfead of

the above-mentioned chemical etching techniques.

Summary

A method in accordance with our invention
comprises the step of depositing a smooth metallic
layer on a glass substrate and texturing the
metallic layer with a laser beam. The metallic
layer is preferably impact resistant, hard and has
a high melting temperature (€.g., greater than 1000°C), or for
the case of an amorphous metallic layer, a high glass transition temperature

(e.g. greater than 500°C).

In a first embodiment, a metallic initiation layer is deposited

on the glass substrate followed



sintered carbon can be used as substrate 112. ' _-__As nentioned

above, a substrate in accordance with thid GEPOAIENMENT M‘Tm be
eXtrenely snooth. 15 | nst ead, one can use an junpot+shed—gas
substrate, plate NiP thereon, and polish the N P. L n one

enbodi ment, the glass substrate has a 5 rough e§%7HHU@ﬂ@$le - than
50[err] as neasured by an atomic force m ¢rascaope. | n._anofher
enbodi ment, 20 the gl ass substrate has a roughness Ra greater

than 100[err], and in one enbodi nent, greater than 200ertll The

| ass substrate Ra is, typjcall | ess .
g byygiectrgless plating of NiP onto the initiation

layer. The initiation layer is a material which
facilitates electroless plating of NiP, such as
Zn, Pd, Co, Fe, Rh, Be, NiP, Ni or #lloys thereof.

5 The initiation layer is formed because it is not
possible to electroless plate NiP directly onto
glass. Aftér electroless plating, the NiP layer
is then poiishéd and laser textured.

During one process in accordance with the

10 first embodiment, the initiation layer is a thin
Zn layer, and is formed by a zincating process.
During thié process, Al is deposited on the glass
substrate, e.g. by sputtering, evaporation or -
other method. Thereafter, the substrate is

i5 subjected to the zincating process to form the Zn
layer on the Al layer (the Al layer is typically
either partly or'completely consumed during the
zincating process). A NiP layer.is then plated
ohto the thin 2Zn layer, e.g. by electroless

20 plating. The NiP layer is then polished and laser
.textured. Of impoftance, the thin Zn layer
facilitates electroless plating of NiP, and the Al
layer facilitates the formation of the Zn layer by
the zincating process. (The zincating process

25 does not work on bare gléss.) In lieu of al,
other materials which can be subjected to a

zincating process, e.g. Mg, can be used.



25
- 21
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than about 10% of the thickness of the N P formed on the disk
: Second Enbodi nent- Using a Plating Process

Fig. 3 illustrates a magnetic di sk 150 during

6

In one variation of the first embodiment, an
adhesion layer is deposited, e.g. by sputtering,
on the glass substréte prior to depositing the Al

layer. The adhesion layer causes the Al layer to

strongly adhere to the substrate. The adhesion

layer is typically Cr, Ta, Mo, W, V, Nb or élloys
thereof.

In a second embodiment, instead of using a Zn
layer fo:med by the zincating process as the
initiation layer, the initiation layer is formed
on the substrate (or adhesion layer) by another
process, e.g. sputtering or evaporation. The NiP
layer is then formed on the substrate by
electroless plating. The NiP layer is then

polished aﬁd laser textured. The advantage of

forming the initiation layer in this manner is

that it obviates the heed for the zincating and
other pretreatment steps. (In conventional
production of NiP plated aluminum subétrates,
prior to NiP plating, the aluminum substrate is
etched, subjected to a first zincating step to
form a Zn layer, the 2Zn layer is stripped off, the
substrate is subjected to a second zincating step,
and the resulting Zn layer is stfipped off. The
substrate is then subjected to a third zincating

step. The etching, first and second zincating

REPLACEMENT SHEET
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a manufacturing process in accordance with a , second enbodi nent of

our invention, including gl ass substrate ¥1REPDSCERENTOSHE Cj
adhesi on | ayer 5 114 as di scussed above. — ET _
~enbodi mrent of Fig. 3, a Zn initiation layer 115 is formed]lby a
“vacuum deposi ti on process such as = sput terifng. 2V AUG W9%d ]| b
sputtering, Zn |ayer 115 can be sputteredjat._a _rate of 24
nm second at 10 a power of 1 kw and a pressufe of 10 nmtorr 1In
argon. Zn layer 115 is typically 60 nmthick. Thereaftpr,
Ni P layer 118 is electrol ess . .plated onto Zn initiation |ayer 115,
and is then steps, and stripping steps are referred to herXein
| as "pretreatment".)
Plating NiP onto a glass substrate and then
laser texturing the NiP has numerous édvantages.

5 First, it is difficult to laser texture a glass
substrate because glass is not very absorptive of
laser light having wavelengths normally used to
texture magnetic disks. One needs a powerful
laser which produces light having longer

10 wavelengths, e.g. a CO3 laser, to texture uncoated

glass. In contrast, it is relatively easy to
texture a NiP layer because NiP readily absorbs
laser light produced by common lasers such as YLF
or vanadate lasers.

15 . Second, when laser texturing a substrate, it
is necessary that the substrate be smooth and
polished. It is difficult and expensive to'polish
a glass substrate because glass is hard and
brittle. We have discovered that the process of

20 the first and second embodiments do ‘not require
that the glaés substrate be polished. Rather, one
can simply plate NiP onto a glass substrate and
then polish the NiP layer, which is easier and
léss expensive than polishing the glass substrate.

25 Third, it is very easy to zone texture a

substrate by laser texturing, whereas it is



polished and | aser textured. (Zn Iayer 115 is 15 ei t her partially or

conpletely consunmed during Ni P : pl ati ng.) Manufacture of the disk
i's then conpl eted by deposition of underlayer 120,

magnetic | ayer 122 and protective overcoat 124 as di scussed above
inrelation to Fig 1C. - 20 In Ig eu of Zn, other materials
capabl e of initiating electrol ess plating can be used, e.g.

Pd, Co; Fe, Rh, Be, NiP, Ni and alloys thereof. Such nmaterial s
can be vacuum deposited (e.g., by sputtering) either onto

adhesion | ayer 114, or :
difficult or impractical to zone texture a glass

substrate by chemical etching.
Fourth, glass used to manufacture magnetic
disks typically has corrosive constituents such as
5 Na. The Na can diffuse out of the substrate and
promote corrosion_oﬁ the magnetic iayer. .During a
process in accordance with our invention, the
glass substrate is essentially encapsulated by
NiP, and Na énd other impurities cannot reach and
.10 corrode the magnetic'layer.
ﬁifth, plated glass substrates have better
impact resistance than commonly used plated
aluminum substrates.
Of importance, most disks are manufactured
15 using an aluminum.substrate that is subjected to
the zincating process and then plated with NiP. A
glass substrate with a thin Zn layer can be
processed into a completed magnetic disk without
deviating from manufacturing processes already
20 ‘established for conventional aluminum substrate
magnetic disks.
In accordance with a third embodiment of our
invention, a layer of material is deposited on a
glass substrate (e.g. by.sbuttering, evaporation
25 ' or other technique) and then the layer of material

is laser textured. The layer of material

REPLACEMENT SHEET
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25 dlrectly onto substrate 112

22 Third Embodi nent Using a Vacuum Deposited Texture

Layer Referring to Fig. 4, in another.- enbodi nent of

our invention, instead of using el ectroless plated 5 Ni P, a Ni Nb
| ayer 119 (e.g. 50% Ni, 50% Nb by 9

absorbing light having the wavelength sf the laser
_used during laser texturing. In addition, the
layer of material has good impacﬁ resistance and
hardness. In one embodiment, the layer of

5 material subjected to laser texturing is
amorphous, e.§. an alloy comprising at least one
of Ni, Pd, Pt, Re and Fe and at least one of Nb,
Ta, 2r, Ti, W and V. The layer of material can
also be an alloy cdmprising at least one of Ni,

10 Co, Fe and Mo and at least one of P, B, Se and Sb.

In another embodiment, the layer of material is a
crystalline material having a high melting point.
such as a Co or Ni based alloy, or a silicide of .
Ni, Nb and Pt.

15 In accordance with one variation of the third
embodimént, an adhesion layer such as sputtered Cr
is formed between the substrate and the laser
textured material.

- The third embodiment enjoys many of the same

20 advantages of the first and second émbodiments,
except that it is preferable that the glass
substrate be polished and initially smooth before
depositing layers theréon.

The third embodiment has the advantage in

25 that sputtering is a low cost, clean, fast

process. In the third embodiment, plating is

avoided. : REPLACEMENT SHEET
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nDle)'Ls vaCuun}deposited onto adhesion |ayer 114, . e.g. to a

t hi ckness of 50 to 500 nm In one enbodi nent, NiNb is deposited
by sputtering. N Nb i s anor phous and does not tend to
crystallize. W 10 have di scovered that texture-bunps can be forned
in N Nb having a height of 20 to 30 nm Evgn for ~ N Nb filnms 100
nmthick, We have found that texture bunps of 20 to 25 nm can be
f or med. I n one enbodi nent, |aser texturing is 15
acconpl i shed using a vanadate | aser, a |aser pul se : duration of 14

to 260 ns, an energy per pul se of
: The third embodiment also permits a wider

range of laser bump shapes to be prgvided than can
be provided in a layer of plated NiP. For
example, one can make "sombrero" bumps over a

5 wider range of laser textﬁring'donditions than_the
plated NiP, depending on the material used.

In another variation of the third embodiment,
the layer of material subjected to laser texturing
comprises sputtered NiNb. The NiNb can be 50% by

‘10 mole Ni and 50% Nb, but other compositions,
including compositions with additives, may also be

used. Of importance, NiNb has the following

advantages:
a) It is hard; so it is unlikely to deform
15. ' if the disk impacts a read-write head.
b) NiNb resists corrosion.

c) NiNb is amorphous, and forms laser bumps
having regular shapes.

d) NiNb does not "splatter" when textured

20 with a laser pulse.

e) NiNb does not easily crack or burn
through when textured with a laser
pulse;

£) One can form laser texture features

25 : having good shapes even when the NiNb is

relatively thin. REPLACEMENT SHEET
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0.1 to 10 mcrojoules, and a spot size of 6 to 11 LR ARCIAE

Fig. 5illustrates a series of |aser bumps 20 I lﬁngMEMENToSBEET
formed in a 500 nmthick sputtered NiNb filmifn accorgance
our i nvention. The |laser was the same as th uszy‘ég
formthe bunps in Figs. 2A and 2B. The subpfrate o n ﬁ&g%?a.Z'
thick C layer. The energy used 25 to formthe §bu

1.44 m crojoules, with each succeedlng grou of bunps

formed with 10% nore energy.

10

15

20

25

Sheet Has Been RTlaced
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% nm

was

g) The height of the NiNb texture feature:
doés not change too much if the laser-
power varies. (This makes it easier to
control the texture features during

'manufacturing.). |
h) NiNb strongly adheres to glass without
the need for a separate adhesion layer.
- It is desirable to deposit the layer of
material to be laser textured such that it has a
smooth surface. _However,.in one embodiment, this
layer has a small amount of roughness to lowér

stiction and friction in case the read write head

' inadvertently touches down in the data zone.

A substrate used with a process in accordance
with our invention is typically a chemically
strengthened glass substrate, such as a
borosilicate glass. The glass substrates
discussed in the above-incorporated Kijima and
Chen patents can be used. Alternatively, othér
substrate materials such as glass ceramic, SiC,

sintered carbon or Si can be used.

‘Brief Description of the Drawings

Figs. la and 1b illustrate in cross section a
magnetic disk having a glass substrate during a

manufacturing process in accordance with a first

embodiment of our invention.

[ THIS SHEET HAS BEEN
REPLACE




we have found that NiNb fornms sonbrero bunps f v ' '
of 14 to 270 ns and spot sizes . of 6 to 11 mcr: Bfﬁmhﬁgﬁfﬁéﬁ?

the sonbrero

bunps fornmed in NiNb differ from sonbrero bunps
materials in the follow ng : 12

10

15

20

25

bunps increases with | aser power. }(fhe sonbrero 5
' orzpdaug 1997e

Fig. lc illustrates in cross section the .
magnetic disk of Figs.'la.and 1b at the conclusion
of manufacturing. _

Figs. 2a'and.2b illustrate laser bumps formed
in a plated NiP iayer in accordance with our
invention.

Fig. 3 illustrates in cross section a

‘magnetic disk having a glass substrate during a

manufacturing procéss in accordance with a second
embodiment of our invention.

Fig. 4 illustratgs'in cross section a
magnetic disk having a glass substrate constructed
in accordance with a third embodiment of our
invention.-

Fig. 5 illustrates laser bumps formed in a
NiNb layer formed on a glass substrate in
accordance with our invention.

Fig. 6 illustrates a "sombrero" shaped bump
formed by a laser in a sputtered NiP layer (15.5
wt. % P). |

Fig. 7 illustrates a "ridge" shaped bump
formed by a laser in a sputtered NiP layer (15.5
wt. % P). | |

Fig. 8 illustrates the relationship between
the thickness of a NiNb layer and the energy -

required to burn through the NiNb layer.
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respects.
surrounding a hill
| ess- pronounced depression 10

‘sonbrero
conserving, "

First,

. €.
a sonbrero usually substantially

t aken out of the

are

agai n,

sonbrero bunps generally have a

The sonbrero bunps in Ni Nb have a nuch

it is seen that theig§l z¢ fhlustrates the relationship between

10

15

20

25

bump height and laser pulse energy for various
texture layer materials.

Fig. 10 Compares the impact resistance of

disks comprising Al substrates covered with plated

' NiP and disks comprising glass substrates.

Fig. 11 schematically illustrates a magnetic

disk drive incorporating'a disk in accordance with

our invention.

This Sheet Has B

- - I

First Embodiment Using a Plating Process :

Referring to Fig. la, a disk 110 includes a
glass substrate 112, a Cr adhesion layer 114 and
an Al layer 116. Subétrate 112 is typically
chemically strengthened borosilicate or
aluminosilicate glass. Cr adhesion laYer 114 is
typically 5 to 50 nm thick (in one embodiment it
is 20 nm thick) andlis formed by sputtering at a
rate of 4 nm/second at é power of 1 kw and a
pressure of 6.5 mtorr in.argon. In one
embodiment, an Intevac 250A sputtering system

(manufactured by Intevac of Santa Clara, CA) is

used to D.C. magnetron sputter layers 114 and 116.

Al layer 116 is typically 50 to 500 nm thick (in

one embodiment 200 nm thick) and is also formed by

depression

t han ot her sonmbrero bunps. Second,
texture features are generally "vol une- -
the amount of naterial fghat forms the hill
equal s the anount of nateri al
15 depression. The sonbrero bunps formed in N Nb

typically not "vol une-conserving.") Once

ced

in

_

RngPCtﬁ
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profile of the |laser bunps can be sel ected by
pul se paraneters such as 20 power. One skilled in tﬁg"%ﬁ?“mﬁ 5‘*

fi

of "this specification, can select those paranet¢r$ which
wi || produce texture bunps as required. However, a2l AlG9997
shoul d not be so great as to burn 14t hrough the N¥Nb | ayer. Fig.

shows the 25 rel ati onship between Ni Nb | ayer thickpess (the X
axis of Fig. 10) and the anount of energy per

sputtering, at a rate of 6.3 nm/second at a power
of 1 kw and é pressure of 10 mtorr in argon. Cr.
layer 114 is optional, and is provided to ensure
that subsequently deposited layers strongly adhere

5 to glass substrate 112. Al layer 116 facilitates
a subsequent zincating process.

Referring to Fig. 1b, disk 110 is subjected
to a zincating process, e.g. as described in the
above-incorporated Lowenheim reference, to form a

10 Zn initiation layer 117. 2Zn initiation layer 117
is typically about 5 to 10 nm thick. During this
process, Ai'layer 116 is partially or completely
consumed, depending on its thickness. —

In one embodiment, the substrate is subjected

15 to a first zincating process, the resulting Zn
layer is stripped off by dilute nitric and
sulfuric acidé, the substrate is subjected to a
second zincating process, the resulting Zn layer
is strippe& off, and then the subst#ate is

20 - subjected to a third zincating process. These
process steps result in formation of an improved
NiP film (formed in a subsequent plating process,
described below) with a finer NiP nodule
structure, and a smoother NiP surface, but it is

25 not presently clear why this is. 1In other

embodiments, the zincating process is only

This Sheet Has Been Re
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pul se required t iqub | ayer (the Y axis of Fig.
10). WPPAEWSHE‘E hg ‘Ni Nb | ayer was sSputteredonto

pul se duration off tjh
Fig. 8 were as

72AHG 997 S¢ _ used to ¢
fol | ows: Curve qsn Fig. 8 ﬂ mﬂ

a 25 nmC |ayer crggd on a glags|fsubstrate. The  fisSneet Has3RO RS, Z and
Eﬁiﬁﬁi atlon

Spot Si ze

60 14 ns
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performed twice. In yet other embodiments, the
zincating process is only'performed once.

Referring to Fig. 1lc, NiP layer 118 is
deposited to a thickness between 5 and 10 microns,
and typically'about 8 microns, by electroless
plating. NiP plating is discussed by Pearlstein,
"Electroless Plating", which is chapter 31 of the
third edition of "Modern Electroplating", edited
by Lowenheim, published by Wiley in 1974,
incorporated herein by reference. During NiP
plating, 2Zn layer 117 is consumed. (Of
importance; electroless platiné of NiP is an
autocatalytic process. 2Zn-layer 117 initiates

" that process.)

NiP layer 118 is then poliéhed using
conventional techniques and laser textured to form
bumps B. Laser texturing cah be accomplished
usinglan vttrium vanadate laser, available from
Spectra Physics Corporation. Such a laser
typically produces pulses at a frequency of 5 KHz
having a duration of about 10 to 70 nanoseconds
("ns"), a spot size of 6 to 11 micronms, deliveriﬂg
0.06 to 3 microjoules per pulée and a wavelength
of 1.064 microns. Alternétively, an yttrium
lutetium fluoride ("YLF") laser, manufactured by
Schwartz Electro Optics Co., with a wave length of

1.047 microns, 0.3 to 15 microjoules per pulse, a




2%0 ns ' 45’??%%&*” SHEET 6311 ™ cronsm#gé_m.“

11" m crons 10 an be seen, thelthicker the ¥§ bei_ ng textured

the greater the enerdy |ne2@eAUGA9Ir h {her et hr ough. neet Has Bee

texturing, the disk i}s corrpleted by fofm nge undﬂWHmw ﬁ gnetlc
llayer 122 and protectji v overcoat }124 as di scus I n
anot her enbodi nent, '

Frectly onto substrate 112.
As stated above, we have di scovered that N Nb has _

spot size of 6 to 11 microns, a pulse rate of 70
KHz, and a pulse duration of 200 to 300 ns can be
used. However, other types of lasers can be used
to texture a disk in accordance with our
5 invention.
While the laser is.pointed at the NiP £film,
the substrate is rotated, so that each pulse forms
a bump at a different position on the disk. The
amount of energy delivered during each pulse, the
10 pulse duration and spot size.are selected to
| provide bumps having a desired size and profile.
Fig. 2a illustratee a series of laser bumps formed
on a plated NiP layer on a glass substrate. The
substrate included a 20 nm thick Cr layer and a
15 200 nm thick Al layer. A sacrificial 2Zn layer_was
formed by a zincating process, and the NiP was
plated thereon. The laser bumps were formed in a
series, each group of bumbs in the series labeled
from 1 to 19 in Fig. 2a. Laser pulses at 2.86
20 microjoules of energy were used to form group 1.
The spot size was 11 microns, and the laser pulse
duration was 25 ns.
| The power ueed to form the bumps in group 2
was 5% greater than the power usea to form the
25 bumps in group 1, the power used to form the bumps
in group 3 was 5% greater than the power used to

form the bumps in group 2, and so forth. As can

THIS SHEET HAS BEEN
- REPLACED




a uni-que conbi natio

materials. It is hal

| aser texturing, it
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NiNb is thin (e.g.
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of characteristics that make it super.ior to other
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be seen, one can alter.the size and profile qf the
laser bumps by adjusting the poﬁer of the laser
beam used to form the bumps. In one embodiﬁent,
the energy used to form laser bumps is_beﬁween 2
and 6 microjoulés,lthe pulse dﬁration is between
14 and 40 ns, and the spot size is between 6 and
11 microns. ‘However, our invention is not limited
to the specific parameters uéed to form bumps, and
those skilled in the art will be able to select
laser'parameters to tailor bump sizes and brofiles
to suit their requirements.

The bump shapes in Fig. 2a are generally
"sombrero" shaped. Laser pulses typically form
either a sombrero shape (e.g. as shown in Fig. sf
6r a ridge sﬁape (Fig. 7). In a plated NiP layer,
one can form sombrero shaped bumps, as shown in
Fig. 2a and 6, or ridge shaped bumps, as shown in
Fig. 2b and 7. (The buﬁps of Figs. 6 and ? were
formed.in layers of sputtered NiP. Laser
texturing of sputtered NiP layers is discussed
below.) Sombreros can be formed in plated NiP
using short pulses (e.g. less than_about 30 ns)
combined with wide.spot sizes (e.g. greater than.
about lo-hicrons). Ridge shapes predominate under
other conditions. Fig. 2b shows a set of ridge
shaped bumps formed in plated NiP. The NiP was

formed on a glass substrate covered with 20 nm

(THIS SHEET ﬁgs BEEN
REPLAGED _ !



bunp helght does not oo nuch I f |laser power eSS ‘
easy to control |sk nan f processes if NH%M@EME@E. o]
NrNb produces nms produ0|ble texture fe t W t hout

- "splats". |nent the Nb content |off the Qh 612997 |
i s between 16 and Ni contenqsis bet weert. 84 and 40%
anot her enbodlnent e Nb content’ bet ween 45 Se—-at—9%and |t he
Ni content is between 10 55 and 45 at. % (If the Nbjcontent is tog_hil
t he bunmps will be too tow. If the Nb content i's tbee—t+owW

thick Cr apd 200 nm thick Al. The Al was
subjected to a zincating step and electroless
plating of NiP. The bumps in Fig. 2b are arranged
in rows labeled .21 to 39. The bumps'were formed
5 using 40 ns laser pulses and a spot size of 8
microns. The spots in row 21 were formed with
pulses of 0.77 microjoulesf The pulses in row 22
had 10% more energy than those of row 21, the
pulses of’roﬁ 23 had 10% more energy than those of
10 ' row 22, and so forth. As can be seen, the Fig. 2b
| bumps are ridge shaped.
Our invention encompasses both ridge and
'sbmbréro bumps. In the case of either type of
bump, the bump height increases with increased
15 laser power. For either type of bump, the laser
power must be_sufficient to melt the NiP. The
laser power should not be so great as to burn
"through the NiP.
After texturing, disk 110 is then completed
20 by a conventional process, e.g. sputtering a non-
ferromagnetic underlayer such as a NiP or Cr
underlayer 120, a magnetic léyer 122 and a
protective overcoat 124. See, for example, U.S.
‘Patent 5,180,640, issued to Yamashita,
25 ' incorporated herein by reference.
In one embodiment; underlayer 120 is Cr and

magnetic layer 122 is an alloy such as CoCrTa

THIS SHEET HAS BEEN
1 REPLACED




t he bunp heights in the NNNo filmwll be too sensitive to variations

in | aser power.) - In lieu of NiNb, other materials can al so be
used, 15 e.g. alloys having a first constituent conprising one of
Ni, Pd, Pt, Re and Fe and a second constituent conpri sing one of Nb,
Ta, Zr, Ti, Wand V. Such a materi al gbould be hard and have good
I npact resi stance. When.sputtered, these materials tend to 20
deposit in anorphous form - o I n anot her enbodi nent, an all oy havi ng
a first ~constituent conprising one of Ni, Co, Fe and M and a
second consﬁltuenﬁ CQ&Q&&S&Q&dOQE gfrglagivéiyaBQgﬁbsputtering rate

(e.g. about 10 nm/second). The substrate is

heated to about 200°C during sputtering. Cr
underlayer 120 is used to control the
5 magnetization direction of magnetic layer 122.
The presént_invention can also be used in a
sputtering process in which the substrate is not
heated. 1In one example of such a process,

‘underlayer 120 includes a mixture of NiP and about

10 2% Al,03, and ﬁagnetic layer 122 comprises

CoNiPtTiTa and a small amount of SiO3, sputtered

at a relatively slow rate (e.g. less than 0.5
nm/second) . (See, for example, U.S. Patent
Application Serial No. 08/286,653, filed by Chen,

15 et al., assigned to Komag, Inc., incorporated
herein by reference.) However, our invention is
not limited to the specific materials used in the
underlayer or magnetic layer, nor is our invention
liﬁited to the specific deposition methods or

20 conditions.

For example, in lieu of sputtered NiP, other

sputtered underlayer materials can be used, e.g.
as described in U.S. Patent 4,786,564,
incorporated herein by reference.

25 In lieu of Cr as adhesion.layer 114, other

materials can be used, e.g. Ta, Mo, W, V or Nb, or

REPLACEMENT SHEET

27 AUG 1997




can be used. Such alloys are also sputter deposited in 25 anorphous form
I n anot her enbodi nent, a crystalline film having a hi gh nel ti ng poi nt
can be used, e.g.- Co and Ni based ' 26
alloys. Silicides such as silicides of ‘Ni, Nb and Pt

20

alloys thereof. .Alternatively, adhesion layer 114
can be omitted. | _
'In lieu of Al iayer 116, other materials that
can be subjected to a zincating process can be
5 used, e.g..Mg or alloys of Al or Mg.
In lieu of plated NiP, other materials can be
plated onto the substrate for laser textﬁring[
e.g. CoP or FeP.
In lieu of borosiiicate or aluminosilicate
10 glass, 6thér glass compositions or materials such
as silicon, SiC, ceramic, glass ceramic, or
sintered carbon can be used as substrate 112.
As mentioned above, a substrate in accordance
with this_embodiment need not be éxtremely smooth.
15 Instead, one can use an unpolished glass
substrate, plate NiP thereon, and poliéh the NiP.
In one embodiment, the glass substrate has a
roughness Ra greater than 50A as measured by an
atomic force microscope. In another embbdiment,
20 the glass substrate has a roughness Ra greater
than 1004, and in one embodiment, greater than
200A. The glass substrate Ra is typically less
than about 10% of the thickness of the NiP formed
on the disk.

25

Second Embodiment Using a Plating Process
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can be used. Preferably, a texture layer (such as Ni Nb or t he
materials |listed above) in accordance-with this 5 _enbodinent has a

t hi ckness between 10 and 1000 nm Thi nner | ayer

economni c reasons. Sputtering can be by DC magn

magnet r on sputtering at high rates (e.g3 2 to arjd

| ow pressures (1 to 20 ntorr). The texture layer 1 shgﬂTAUﬁe dt H
prior to |aser texturing. This is inmportant bgcduse texturinglis
typically only perforned in the CSS zone, and tfjhe data zone of tHe
di sk shoul d remai n snoot h

Fig. 3 illustrates a magnetic disk 150 during
a manufacturing prodess in accordance with a
second embodiment of our inventidn; including
glass substrate 112 and optional Cr adhesion layer
5 114 as discussed above. However, in the
" embodiment of Fig. 3, a Zn initiation layer 115 is
formed by a vacuum deposition process such as
sputtering. When formed'by sputtering, Zn layer
115 can be'sputtered at a rate of 24 nm/second at
0 a power of 1 kw and a pressure of 10 mtorr in
argon. 2Zn layer 115 is typically 60 nm thick.
Thereaftér, NiP layer 118 is electroless
plated onto Zn initiation léyer 115, and is.then
polished and laser textured. (2Zn layer 115 is
5 - either partially or completely coﬁsumed during NiP
plating.) Manufacture of the disk is then
completed by deposition of underlayer 120, -
magnetic layer 122 and protective overcoat 124 as
discussed above in relation to Fig 1lc. .
20 In lieu of Zn,.other materials capable of
initiating electroless plating can be used, e.é.
Pd, Co,; Fe, Rh, Be, NiP, Ni and alloys thereof.
Such materials can be vacuum-debosited'(e.g., by
sputtering) either onto adhesion iayer 114, or
25 directly onto substrate 112:

I
eet Has Been Re(laced
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| REPEA@WEN’F thick G on a borosilicate glass
“'rcrspHrEgETs Ni P | ayer havi s She ﬁﬁﬂiﬁe f 1 20
r¢d to the Cr|l ayer,. and | aser ' red. The
bet \ég U6 19%hd T 23. 63 mculm ' ul se, each
ns. Thejspot size was 11 m crons. :

nmbrero bunp fornmefl in al

- Third Embodiment Using a Vacuum Deposited Texture,

Laver

Referring té Fig. 4, in another embodiment of
our invention, instead of using electroless plated
NiP, a NiNb layer 119 (e.gq. 50%_Ni, 50% Nb by
mole) is vacuum-depoéited onto adhesion layer 114,

e.g. to a thickness of 50 to 500 nm. In one

.embodiment, NiNb is deposited by sputtering. NiNb

is amorphous and does not tend to crystallize. We
have discovered that texture bumps can be formed
in NiNb having a height of 20 to 30 nm. Even for
NiNb films 100 nm_ﬁhick, We have found that
texture bumps of 20 to 25 nm can be formed.

In one embodiment, laser texturing is
accomplished using.a vanadate laser, a laser pulse
duration of 14 to 260 ns, an enexrgy per pulse of
0.1 to 10 microjouléé, and a spot size of 6 td 11
microns. |

Fig. 5 illustrates a series of laser bumps

labeled 41 to 59 formed in a 500 nm thick

 sputtered NiNb film in accordance with our

invention. The laser was the same as that used to
form the bumps in Figs. 2a and 2b. The substrate
included a 25 nm thick Cr layer. The energy used
to form the bumps in group 41 was 1.44
microjoules, with each succeeding group of bumps

formed with 10% more energy.

T3 SHEET HAS BEEW
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25 mi cron t hick | ayer of NiP (15.5 wt. % P) sputtered onto

a 80 nmCr |ayer, which was sputtered onto a 1 . te. The
pul se duration was 14 ns, : REﬂ.A%%ﬁfEﬁ'f'bﬁ-yfﬁ F
‘and the spot size was 11 m crons. The pul se energy was 0. %9

nja

m cr oj oul es.
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Fig. 7 shows a g3 dge buer, 2 T AYe M9t

We have found that NiNb forms sombrero bumps
for pulse durations of 14 to 270 ns and spot sizes
of 6 to 11 microns. The héight of the sombrero
bumps increases with laser power. fThe sombrero
bumps fofmed'in NiNb differ from sombreroc bumps
formed in othér materials in the following
respects. First, sombrero bﬁmps generally have a
depression surrouhding a hill. The sombrero bumps
in NiNb have.a much less-pronounced depression
than other sombrero bumps. Second, sombreroc
texture features are generally "volume-
conserving," i.e., the amount of material that
forms the hill in a sombrero usually substantially
equals the amount of material taken out of the
depression. The sombfero bumps formed in NiNb are
typically not "volume-conserving.")

Once again, it is seen.that the size and
profile of the laser bumps can be selected by
adjusting the laser pulse parameters such as
power. One skilled in the art, in light of this
specification, can select those parameters which
will produce texture bumps as required; However,
laser power should not be so great as to burn
through the NiNb layer. Fig. 8 shows the
relationship between NiNb layer thickness (the X

axis of Fig. 10) and the amount of energy per



layer of 1 micron thick NP (15.5 wt. %P) 5 sputtered onto 80 nm

Cr, which was sputtered onto : a gl ass suk

duration was 14 ns ~and the spot size wag ul se
energy was 0.94 mcrojoules. It is thus seen that Tor—the| case of
a 14 ns pulse duration and an 11 10 i cronfs OQ}% e form
either ridge or sonbrero bunps ifi*sputterpd N P, Eﬁ@n | on the
| aser pul se energy. Exanmple 2 -1

pulse required to burn through a NiNb layer (the Y ’
axis of Fig. 10). |
" In Fig. 8, the NiNb layer was sputtered onto
a 25 nm Cr layer formed on a glass substrate. fhe
5 spot size and pulsé.duration of the laser pulse

used to collect the data of Fig. 8 were as

follows: _ :
Curve in Fig. 8 Ppulse Duration Spot Size
60 14 ns 6 microns
61 ' 14 ns 11 microns .
62 270 ns 6 microns
63 270 ns 11 microns

10 As can be seen, the thicker the layer being textured,
the greater Ehe energy needed to burn therethrough.
After texturing, the disk is completed by forming
underlayer 120, magnetic layer 122 and protective
overcoat 124 as discussed above.
15 In.another embodiment, NiNb is sputtered directly
onto substrate 112. | |
As stated above, we have discovered that NiNb has
a unique combination of characteristics that make it
superior to other materials. It is hard, it resists
20 cracking and"BEEh-through during laser texturing, it
resists corrosion and adheres strongly to glass. One
-can form excellent texture features with NiNb even when

the NiNb is thin (e.g. 100 to 150 nm thick). The laser



15 A substrate was prepared by depoéiti PG t hi ck

1 [ vy

Cr as a borosilicate glass substrate. A ?ﬁ:ﬂﬁbA@EMEMbsnemers
havi ng t hi cknesses of 100 nm 500 nm and 1f M cromwere—spyt t er ed
on the Cr | ayer and | aser textured. The |NijNb Q% Ni {b 20
nmol e. Laser pulses of 0.5 to 13 microjoulgs, 25 J zwaiuédﬁggz ng in

"~ -duration, and spot sizes of 6 to 11 m cro s—ueLe_used__$o rero
shaped bunps were formed under all condijti ons, but size apd
hei ght i ncreased wi th power. By reducing TTTmrthirckfess— 25
one could use | ess power to make bunps of a given size. If laser

power was too grdEP heightggdges not change too much if laser power
varies, so it is easy to control disk manufacturing
processes if NiNb is used. Also, NiNb produces
excellent, reproducible texﬁure features without
5  “"gplats".
In one embodiment, the Nb content of the NiNb film
is between 16 and 60 at. %. The Ni content is between
84 and 40%. In another embodiment, the Nb content is
between 45 and 55 at. %, and the Ni content is between
10 55 and 45 at. %. (If the Nb content is too high, the
bumps will be too low. If the Nb content is too low,
the bump heights in the NiNb film will be too sensitive
to variations in laser power.)
In lieu of NiNb, other materials can also be used,
15 e.g. alloys having a first constituent comprising one
of Ni, Pd, Pt, Re and Fe and a second constituent
cbmprising one of Nb, Ta, 2r, Ti, W and V. Such a
material should be hard and have good impact
resistance. ‘When sputtered, these materials tend to
20 deposit in.amorphous form.
. In another embodiment, an alloy Having a first
constituent comprisipg one of Ni, Co, Fe and Mo and a
second constituent comprising one of P, B, Se and Sb
can be used. Such alloys are also sputter deposited in
25 amorphous form.
In another embodiment, a crystalline film having a

high melting point can be used, e.g. Co and Ni based



woul d ‘burn through the NiNb film The thinnér the

28 film the | ess energy was needed to burn through

the NiNb. Also, the smaller the spot size, the | ess energy was
needed to burn through the N Nb. _ However, this is not a problem
because texture 2%

alloys. Silicides such as silicides of Ni, Nb and Pt
can be used.
Preferably,.a texture laYer (such as NiNb or the
materials listed above) in accordance.with this
5 -embodiment has a thickness between 10 and 1000 nm.
Thinner layers are preferable for economic reasons.
Sputtering can be by DC magnetron, RF or RF magnetron
sputtering at high rates (e.g. 2 to 20 nm/seconds) and
low pressures (1 to 20 mtbrr). The texturé layer
10 should be smooth prior.td laser texturing. This is
important because texturing is typically only performed

in the CSS zone, and the data zone of the disk should

remain smooth. REPLACEMENT SHEET
. 27 AUG 1997
15 Other Examples -
Example 1

Substrates wefe'prepared by depositing 20 nm
thick Cr on a borosilicate glaés'substrate. An
amorphous NiP layer having a thicknesses of 1

20 micron was sputtered onto the Cr layer, and laser
textured. The laser energy was between 0.1 and
2.63 microjoules per pulse, each pulse lasting 14
ns. The spot size was 11 microns.

Fig. 6 shows a sombrero bumpiﬁormed in a1

25 micron thick layer of NiP (15.5 wt. % P) sputtered
onto a ‘80 nm Cr layer, which was sputteréd onto a

glass substrate. = The pulse duration was 14 ns,



5 bumps havi'ng hei ghts between 0 and 100 nm can be f ormed
using | aser power that was not so great as - h t he
Ni Nb. ' Exanple 3 10 A subst r BER- by
depositing 20 nm thick C on a borosilig¢afe substrate.

Crystal l'ine Ni Al layers having tdy cknesgeg @7 ng97 5P0j nm
and 1 mcron were sputtered on the C |ayer and aser texgpured.

The Ni Al was a 50% Ni

m crojoules, a
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by nole. 15 = Laser puljsé—emergy-of—003]to 6.3
nd a 10 m cron spbt size

pul- se duration of 25 ns

and the spot size was 11 microns. The pulsé .
énergy was O.SQImicrojoules.

| Fig. 7 shows a ridge bump, also-fbrmed in a
1éyer of 1 micron thick NiP (15.5 wt. % P) |
sputtered onto 80 nm Cr, which was sputtered onto
a glass substrate. The puise duration was 14 ns
and the spot size was 11 microns. The pulse
energy was 0.94 miérojou1es. It is thus seen that
for the case of a 14_ns,puise duration and an 11
micron spot size, one can form either ridge or -
sombrero bumps in sputtered NiP, depending on the

laser pulse energy.

Example 2

| A substrate was prepared by depositing 20 nm
thick Cr as a borosilicate glass substrate.
Amorphous NiNb laye;s having thicknesses pf 100
nm, 500 nm and 1 micron were sputteréd on the Cr
layer and laser textured. The NiNb was 50% Ni by
mole. Laser pulses of 0.5 to 13 microjoules, 25
to 264 ns in duration,-and spot sizes of 6 to 11
microns were used. Sombrero shaped bumps were
formed under all conditiogs, but size and height
increased with'power. By reducing film thickness,
one could use 1ess.power to make bumps.of a given
size. If laser power was too great, the laser

would burn through the NiNb £ilm. The thinner the



were used. Sonbrero bunps tended to formin N Al
t hi cknesses of 1100 nm and 500 nm '
the 1 micron thick 20 Ni Al film
for | aser powers above

t-hi cknesses

of 25 ns duration and a 10 m cron spot size). 25
undesirable, and is believed to be due : to filmsiress. It is
further believed that film :
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1.0, 3.6 and 4.0 mcrpjbules for NA
of 100, 500 and 1000 agm respect}vel 2 7 fAUG 97 e
-} fracking is

Ri dge bunpsfi

film, the less energy was needed to burs through
the NiNb. Also, the smaller the spot size, the
less energy was needed to burn thiough the NiNb.
However, this is not a problenm, because texture
bumps having heights between 0 and 100 nm can be
formed using lasér_power that was not so great as

to burn thrsugh_the_NiNb. -

Example 3

A substrate was prepared by.depositing 20 nm
thick Cr'on a borosilicate substrate. Crystailine
NiAl layers haviﬁg thicknesses of 100 nm, 500 nm
and 1 micron were sputtered on the Cr layer and |
laser textured. The NiAl was a 50% Ni by mole.
Laser pulse energy of 0.95 to 6.3 microjoules, a
pulse duration of 25 ns and a 10 micron spot size
were used. Sombrero bumps tended to form in NiAl
films having thicknesses of 100 nm and 500 nm.
Ridge bumps tended to form in the 1 micron thick
NiAl film.

NiAl films cracked for lsser powers above
1.0, 3.6 and 4.0 microjoules for NiAl thicknesses
of 100, 500 and 1000 nm, respectively (for pulses
of 25 ns duration and a 10 micron spot size).
Cracking is undesirable, and is believed to be due

to £film stress. It is further believed that film



29 stress (and therefore cracking) can be avoi ded by

adj usting sputter conditions of the N Al.

a 100 to 500 nmthick 5 PLAGEMENT SREET

| * one enbodi nent,

(CoNi Pt TaTi SiJerr] is sputtered onto a 25 nm thick Cr adHedion:
‘layer which in turn sputtered onR9 a gl ass| sjub2 aAue Ve
"CoN Pt TaTi Si(err] |ayer _ :
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stiess (and therefore cracking) can be avoided by.
adjusting sputter conditions of fhe NiAl.
Other Examples

In one embodiment, a 100 to 500 nm thick
magnetié (CoNiPtTaTiSiOzis sputtered onto a 25 nm
thick Cr adhesion layér which in turn sputtered
onto a gléss substrate. The CoNiPtTaTiSi0, layer
is then laser textured.

In another embodiment, a 100 to 500 nm thick
Cu layer was deposited on a Ta adhesion layer
which in turn was sputtered on a glass substrate.
The Cu was then laser textured.

In another embodiment, a 130 nm thick Nisi
(81 at. % Ni, 19 at.% Si) layer was sputtered onto
a glass substrate and then laser textured.

In another embodiment, 100 ﬁo 500 nm thick Cr
is sputtered onto a glass substrate and laser
textured. (Although one can form bumps on Cr, the
bumps tend to be small. At higher'laser power,
the Cr tends to crack or burn through.) |

In another embodiment, 125 to 600 nm thick Ta
is sputtered onto a glass substrate and then laser
textured.

In another embodiment, 100 to 500 nm thick Al
is sputtered onto a Ta adhesion layer. The Al is
then laser textured. (Although one can form

texture features in Al, Al is relatively soft, and



I's then | aser textured. In anot her embod

nmthick 10 Cu |l ayer was deposited on a Ta adhes} REPLAGEMENT SHEET
which in turn was sputtered on a gl ass substrate. L ———Thre—Cr—was—t

joent. imn .o 500

| aser textured. I n anot her enbodi nent, a 1302qp1 igé Ni |S
(81 at. %N, 19 at.% Si) |ayer was sputteyged onto 15 a‘@kﬁ 7
substrate and then | aser textured. - I n anpt her_enbodi nent
100 to 500 nmthick Cr i's sputtered onto a glhass substrate and

| aser
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t ext ured. (Although one can form bunps ba—€——+he- -

therefore other harder materials may be more
desirable.)

Although different metallié materials can be
used in our invention, we have found that the
combination of gualities found in NiNb is
superior. For example, NiNb is harder than Al,
more corrosion-resistant than Cﬁ, does not burn -
through as readily as Cr, and forms better texture

feature shapes than Ta.

Bump Height Variation as a Function of Lasger
ner |
As mentioned above, bump heights increase-

with increases in laser energy. It is generally
desirable that for the material and laser
parameters being uéed, the bump height not vary by
more than 1 nm per 1% fluctuation in laser power.
This is because laser power for typical lasers
fluctuates during use, and it is desirable to
minimize the resulting bﬁmp height variation.

Fig. 9 illustrates the relationship between bump
height and laser pulse energy for NiP-plated Al
(curve 80), 100 nm thick NiNb sputtered onto 25 nm
thick Cr sputtered onto glass (curve 81), and 100

nm thick CoNiPtTaTiSiO; sputtered onto 25 nm thick

Cr sputtered onto glass (curve 82).

(CoNiPtTaTisSiOp is a magnetic alloy, and would

n



bunmps tend to be small. At higher |aser power,

PGt} Guloreto @1 IS T O
crack or burn through.) I n anot he %H%AGEMHM[SHEEB o 600 nm

thick Ta
t ext ur ed.

is sputtered onto a Ta adhesion layer. ThgiAl
textured. (Al though one can form _ textu
relatively soft, :
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is sputtered onto a gl ass subf er
I n anot her enbodi nent, Al 25
ser
A is

generally be undesirable as a texture layer for
that reason.) The Y axis of Fig. 9 is in
nanometers, while.the X axis represents lasér
pulse energy in microjoules. In curve 81, the
slope is generally less than 1 nm per 1% change in
pulse energy. In curve 82, for pulses less thanll

microjoule, the slope is also less than 1 nm per

- 1% change in pulse energy for curve 80, operating

near the top of cufve 80 provides the benefit of
near insensitivity to laser pulse energy
fluctuations. (Operating near the top of curve 80
also prevents the bump heights from being chosen
arbitrarily as it can be in curves 81 and 82).
The bumps in Fig. 9 had the following shapes:

80 sombrerocs

81 ridges

82 sombreros This Sheet Has Been Re

HIIIIH [T

As demonstrated above, a laser can be used to

Impact Resistance

texture a metallic f£ilm on a glass substrate. One
advantage of this method is that glass substrates
exhibit greater impact resistance than NiP-plated
aluminum. Fig. 10 shows the forcé needed to dent
substrates having the following structures:

1. An aluminum substrate plated with 8

micron thick NiP (labeled "NiP/Al" in Fig. 10);




30
desirable.)
used i n our

qualities found in

t han Al ,

t hrough as readily

t han Ta.

therefore other harder material s may be-nore

Al t hough different netallic materials can be

i nventi on, we have found that the 5 conbi nati on of

10

15

20

25

NiNb is superior. For exanple, NiNb is harde
nore corrosion-resi stagy than Cu, does not burn -
as Cr, and forns better texture o feature shapes

2. Glass covered with 20 nm thick.Cr .
(labeled “"G/Cr" in Fig. 10);

3. Glass covered with 1 micron thick-NiAl
(labeled "G/NiAl" in Fig. 10); and

4. Glass covered with 20 nm thick_Cr; 200
nm thick Al (subjected to a zincating process),
and 8 nm thick NiP (labeled "G/Cr/Al/NiP" in Fig.
10).

During the test corresponding to Fig. 10, a
disk with a 50% slider resting thereon was
accelerated and then suddenly stopped. (The term
"50% slider” is well known in the art, and refers
to the size of the slider.) Since the &isk
rapidly decelerated, the slider resting on the
disk was rapidly decelerated by the force exerted
by the disk surface against the slider. This '
force was measured in "G's", and is set forth on
the Y axis of Fig. 10. (1 @G is fhe force that
decelerates anlobject 9.8 meters per second
squared, i.e. the force of gravity.) _This test
can be used to simﬁlate the force exerted on a
disk and slider if one inadvertently drops a disk
drive on the flooi. The X's in Fig. 10 indicate
those test trials which resulted in unacceptable

dents in the disk surface. The.diamOnd marks

‘indicate those test trials which did not result in

unacceptable dents in the disk surface. REPLACEMENTSHEH

27 AUG 197

e



10 ' Bunp Hei ght Variation as a Function of Lasér v.ﬂ
bunp hei ghts increase _ TR IEY EIfET iISHEERSer
energy. It is generally 15 desirable that for thg RERERCE
paranmeters bei ng used, the bunp height not vary by

As nentioned above,

Enar.-a

per 1% fluctuation in | aser power. 33 This is betals? T AUG

for typical |asers

20 mnimze the resulting bunp height variation.

10

15

20

25

fluctuates during use, and

As can be seen, it took 180 G's to dent the
NiP-plated aluminuh'substrate, and about 250 G's
to dent the glass substrates. Thus, glass
substrates are more impact resistant than NiP-

plated Al.

Industrial Application
Fig. 11 illustrates a magnetic disk drive 100

including a magnetic disk 102 constructed in
accordance with our invention. Disk 102 -is
coupled to a motor 104 for rotating disk 102. 1In

one embodiment, disk 102 relates at a speed

' between 5000 and 10,000 rpm. A pair of read-write

heads 106a, 106b are mounted on arms 108a, 108b, .
which in turn are moved by actuators (not shown)
for positioning heads 106a, 106b over selected
data tracks on disk 102.

Heads 106a, 106b "fly" over disk 102 during

use. Heads 106a, 106b may be inductive read-write

heads or magneto-resistive read-write heads.

In alternative embodiments disk drive 100 may

contain several magnetic disks. The components of

disk drive 100 are all conventional except for
disk 102. Details concerning disk drives are
discussed in U.S. Patents 4,949,202 (Kim);
5,025,335 (Stefansky); and 5,027,241 (Hitachi),

each of which is incorporated herein by reference.



,Flg 9 illustrates the relatlonshlp bet ween bunp hei ght and | aser

pul se energy for N|P-plated Al (curve 80), 100 nmthick N Nb
sputtered onto 25 nm ‘thick Cr Sputtered onto glass (curve 81),
~and 100 25 nm thick CoN Pt TaTi SiJerr] sputtered onto 25 nmthick
Cr sputtered onto glass (curve 82). 34 (CoNiPtTaTiSigerr] is a
magneti ¢ all oy, and woul d 31

general |y be undesirable as a texture layer for that reason.) The pul se

While the'inveﬁtidn has been described with
respect to specific embodiments, those skilled in
the art will recognize that changes can be made in

5 form and detail without departing from the spirit
and scope of the invention. For example, the
present invention can be uéed in accordance with
non-metallic substrates or non-conductive
substrates other than glass. See, for example,

10 Perettie, “Alternative.Substrates: The Critical
Issues", IDEMA.InSight, November/December 1995,
incorporated herein by reference. 1In addition,
the various layérs on the disk can be formed by
any of several methods, e.g. sputtering,

15 evaporation, etc. The invention is not limited by
deposition parameters, such as pressures and
deposition rates. The invention can be used to
zone texture a magnetic disk, or to texture the
entire surface of a magnetic disk. 1In the

20 élternative, the invention can be used to form a
rough texture having 1argé bumps in CSS zone and a
smoother texture having small bumps in a data
zone. Although the invention can be practiced
with metallic texture layers having a high melting

25 point, the presenﬁ invention can be practiced with

other laser texture layer materials such as Al or

REPLACEMENT SHEET
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W dth was 14 ns and the spot size was 11 [err]m The Y axis of Fig. 9 is
in nanoneters, while the X axis represents | aser pulse energy in
mcrojoules. In curve 81, the slope is generally less than 1 nmper 1%
change in pul se energy. In curve 82, for pulses less than 1 nicrojoule,
the slope is also less than 1 nmper 1 %3shange in pulse energy for curve
+ 80, operating near the top of curve 80 provides the benefit of near
insensitivity to |laser pulse energy fluctuations. (Operating near the top
~of curve 80 also.prevents the bunp heights from being chosen arbitrarily

as it can be in curves 81 and 82). The bunps |n Fi tJechohl ow ng

shapes: Cu. Accordlnle- al%gg 3%?%Sgéﬂe_

81 ri dges
. the present invention.

REPLACEMENT SHEET

27 AUG 1997




82 sonbreros |npact Resistance = . As denonstrated ébove, a | aser
~can be used to texture a netallic filmon a glass substrate. One ant age
of thi's method is that glass substrates exhibit npact . reS|stance

than Ni P-plated alumnum Fig. 10 shows the force
substrates having the followi ng structurgs m@m \ﬂw
substrate plated with 8 mcron thick NP (Iabelled "N nsFlg 10);

We claim:
1. A method for making a magnetic disk
comprising the éteps'of:
depositing a texture layer on a glass or
5 glass ceramic substrate;
laser texturing said texture layer; and
depositing an underlayer, magnetic_léyer and

protective overcoat on said texture layer.

10 ' 2. Method of claim 1 wherein said texture

layer is metallic.

3. Method of claim 2 wherein said texture

layer is formed by electroless plating.

15

4. Method of claim 3 fufther comprising the
step of depositing an initiation layer on said
substrate, said initiation layer initiating
electroless plating of said texture layer onto

20 said substrate.

5. Method of claim 4 wherein said
initiation layer comprises a material selected
from the groﬁp consisting of Zn, éd, Cq, Fe, Rh,

25 Be, NiP and Ni. |

REPLACEMENT SHEET
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32 | 2. G ass covered with 20 nn1th|ck.Cr :
(l abeled "G.Cr" in Fig. 10); 3. Glass covered vmth 1 mcron

thick Ni Al (1 abel ed "CVNiAI" in Fig. 10

d ass covered with 20 nmthick Cr, " nmthick Al cted to
a zincating process), and 8 nm t K Ni ‘ "/ Ni P"

I n Figh 10). HT: I1““H“ﬁ“ﬁ“““

6.  Method of claim 5 wherein said .
initiation layer is an alloy of at least one
material selected from the group consisting of 2Zn,

Pd, Co, Fe, Rh, Be, NiP and Ni.

7. Method of claim 4 wherein said

initiation layer is formed by vacuum deposition.

8. Method of claim 7 wherein said

10 : initiation layer is formed by sputtering.

9. Method of claim 4 wherein said
initiation layer comprises Zn, and said step of
depositing said initiation layer comprises the

15 steps of:

depositing a metallic layer on said
substrate; and

subjecting éaid substrate to a zincating
process, whereby said metallic layer is at least

20 partially consumed.

10. Method of claim 9 wherein éaid metallié
layer comprises a material selected from the group
consisting of Al, Mg, Al alloys and Mg allbys.

25 |

REPLACEMENT SHEET
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During the test corresponding to Fig. 10, a 10 disk with a 50%
slider resting thereon was accel erat ed an%/Lnen/suddeﬁT"gfabped.
(The term "50% slider” is well known in the art “mr\“\

ed,

to the size of the slider.) Since-the disk
the slider resting on the 15 di sk wag rapidly ed By fhe

force exerted by the disk surface against thé s |der Thi s

force was nmeasured in "Gs", and is set forth on the Y axis of
Fig. 10. (1 Gis the force that decel erates an object 9.8 neters
per second 11. Method of claim 1 further comprising the

step of forming an adhesion layer between said

substrate and said texture layer.

5 12. Method of claim 1 wherein said texture

layer is formed by vacuum deposition.

13. Method of claim 12 wherein said texture

layer is an élloy comprising a first material
10 selected from the group consisting of Ni, P4, Pt,
Re and Fe and a second material selected from the

group consisting of Nb, Ta, 2r, Ti, W and V.

14. Method of claim 12 wherein said texture
15 layer is an alloy comprising a first material
selected from the group consisting of Ni, Co, Fe
and Mo and a second material selected from the

group consisting of P, B, Se and Sb.

20 15. Method of claim 12 wherein said texture

layer is a Co or Ni based alloy.

16. Method of claim 12 wherein said texture
layer is a silicide of a material selected from

25 ’ the group consisting of Ni, Nb and Pt.

TREPLACEMENT SHEET
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20 squar ed, i.e. the force of gravity.) This test. _can be

used to sinulate the force exerted on a - di sk and

rnadvertently drops a disk drive on the oor. The X's Flg 10
i ndi cat e | those test trials which resulted ‘““ﬂﬁ ﬁ‘“ﬂ!

dents in the disk surface. The dianond ngyks \““ e t est
trials which did not result in unacceptablé dénté I n the di sk
surface.

17. The magnetic disk manufactured by the

method of claim 1.

18. A method for manufacturing a magnetic
5 disk comprising the steps of:
depositing a metallic initiation layer onto a
glass or glass ceramic substréte;
electroless plating a NiP layer onto said
substrate after said step of depositing said
10 metallic initiation layer, said initiation layer
initia;ing said electroless plating of NiP;
laser texturing said NiP layer; and
depositing an underlayer, magnetic layer and
protective overcoat onto said NiP layer after said

15 step of laser texturing.

19. Method of claim 18 further comprising
the step of forming.an adhesion layer between said
substrate and 1n1t1atlon layer, said adhesion

- 20 layer comprising a mater1al selected from the
group of materials consisting of Cr, Ta, Mo, W, V
and Nb, said underlayer comprising a sputtered
material selected from the group consisting of NiP
and Cr.

25

20. A method fer manufacturing a magnetic

disk comprising: REPLACEMENT SHEET




33 As can be seen, it took 180 G s to dent the

Ni P-pl ated al um num substrate, and about 250 G s to dent the
gl'ass substrates. Thus, gl ass subst r at es arenore—tmpact
resistant than NNP- 5 pl ated Al. I ' leation
Fig. 11 illustrates a magnetic disk drive 30 ”M!Mﬂmmﬂm
magnetic di sk 102 constructed in 10. accordances=w OUlw" i on.
Disk 102 is

depositing an initiation la&ér on a
glass or glass’céramic substrate;
electroless plating a layer on said
initiation layer;.and |
5 depositing an underlayer, magnetic layer
and protective overcoat on said electroless plated

layer.

21. Method bf Claim 20 wherein said
i0 electroless plated layer comprises NiP, said
method further comprising thé step of laser
texturing said NiP layer, depositing said
underlayer on said NiP layer, and deéositing said
magnetic layer on said underlayer.
15 | |
22. Method for manufacturing a magnetic disk
comprising the steps of providing a substrate;
providing a layer comprising Ni and Nb
on the substrate; and
20 laser texturing the layer comprising Ni

and Nb.

23. Method of Claim 22 wherein said
substrate comprises a material selected from the

25 set of materials comprising glass, glass ceramic,

SiC, 8i or sputtered carbon.

REPLACEMENT SHEET
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coupled to a notor 104 for rotating disk 102. In one enbodi nent,
disk 102 rel ates at a speed bet ween 5000 and 10, 000 rpm Ir
of read-write heads 106a, 106b are nountedon.arns 108a, 108b,

15 which in turn are noved by actuators (not s uumlnm :
posi tioni ng heads 106a, 106b over sel ectedqy l“e“ sk
102. Heads 106a, 106b "fly" over dISk @uﬁﬂn

use. Heads 106a, 106b may be inductive read-wite heads or
magnet o-resi stive read-wite heads. In alternative
enbodi nents di sk drive 100 may - contain several magnetic disks.
The conponents of 24. Method of Claim 22 wherein said layer
comprising Ni and Nb is a NiNb alloy between 50 to

500 nm thick.

5 : 25. Method of Claim 22 wherein said layer
comprising Ni and Nb is between 16 and 60 at.% Nb

and between 84 and 40 at. % Ni.

26. A disk manufactured by the method of

10 ‘Claim 22.

27. A disk drive comprising:
a disk as manufactured by the method of
Claims 1, 20 or 22;
15 - a motor coupled to the disk for rotating
the disk;
a read-write head held in proximity to
- said disk for reading data from and wfiting

data to the disk.

REPLACEMENT SHEET
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di sk drive 100 are all conventi onal except for di sk 102. Details

concernlng disk drives are 25 discussed in U S. Patents 4,949, 202
(Kim 5,025, 335 (Stefansky); and 5,027,241 (Hitachi),

each of which is incorporated herein by reference.

34 42

METHOD FOR PREPARING A SUBSTRATE FOR A MAGNETIC

DISK

5 ' Caroline A. Ross

Martin P. Rosenblum

ABSTRACT _
A method for manufacturing a magnetic disk
10 comprises the step of depositing a metallic layer
on a glass substrate and laser texturing the
metallic léyer._ The magnetic disk is then'
completed by deposition of (a) an underlayer such
as Cr or sputtered NiP, (b) a magnetic layer such
15 as a Co or Fe alloy, and (c) a pfotective overcoat
such as ZrOy, carbon or hydrogenated carbon. By
providing the above-mentioned metallic_layer,
laser texturing can now be used in conjunction

with glass substrates.

20 N
Figure 1C This Sheet Has Been. Reﬂlaced

R

THIS SHEET HAS BEEN
- REPLACED
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Wil e the invention has been described with respect to specific

enbodi nents, those skilled in the art will recognize that changes
can be made in :5 - formand detail w thout departing fromthe spirit
and scope of the invention. For exanple, the - present invention
can be used in accordance with metal lic substrates or

non- conducti ve substrates other'VﬂQh gl ass. See, for exanple, 10
Perettie, "Alternative Substrates: The Critical | ssues”, | DENVA

| nsi ght, Novenber/ Decenber 1995, i ncor porated herein 110

reference. I n addition,

.116'\
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tﬁe various | ayers on the disk can be formed by any of severa

nmet hods, e.g. sputtering, 15 ' evaporation, etc. The invention is not
limted by deposi tion paranmeters, such as pressures and
deposition rates. The invention can be used to zone texture a
magnetic disk, or to texture the -~ entire surface of a magnetic
disk. In the 20 alternative, the2/f0ention can be used to forma
rough texture having |large bunps in CSS zone and a © snoot her
texture having small bunps in a data zone. Although the invention

can be practiced

1

FIG. 2A

19 18 1716 15 14 1312 1110 9 8 7 6 5 4 3 2
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with.netallic texture |layers having a high'nelting 25
present

point, the
I nvention can be practiced with ot her | aser texture | ayer
materials such as Al or 35 Cu. Accordingly,
all such changes conme within the present invention.

3/10

FIG. 2B
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W claim _
conprising the steps of:
glass or 5

said texture |layer; and

1

A nethod for nmaking a nagnetic disk

gl ass ceram c substrate;

depositing a texture |ayer on a
| aser texturing

4110

§114

REPLACEMENT SHEET
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‘deposi ting an underl ayer, magnetic |ayer and protective overcoat
on said texture |ayer. 10 2. Met hod of claim 1 wherein said
texture | ayer is metallic. 3. Method of claim?2
wherein said texture | ayer is formed by electroless plating. 15
4. Method of claim3 further conprising the step of depositing

an initiation |ayer on said gwﬁitrate, said initiation |ayer
initiating '

FIG. 5

55 54 53 52 51 50 49 48 47 46 45 44 43 42 41

50 58 57 56
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el ectroless plating of said texture |layer onto 20 sai d substrate.
5. Method of claim4 wherein said initiation | ayer conprises a

mat eri al sel ected fromthe group consisting of zZn, Pd, Co, Fe,
Rh, 25 Be, NP and N

6/10
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-

6. Method of claim5 wherein said initiation~laye'r is an all oy

of at |east one material selected fromthe group consisting of

Zn, Pd, Co, Fe, Rh, Be, NNP and N . 5 7. Met hod
of claim4 wherein said initiation |ayer is formed by vacuum
deposi tion. 8. Method of claim7 wherein said 10

initiation layer is formed by sputtering.7/10
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9. Method of claim4 wherein said ' ‘initiation layer conprises Zn

and said step of - depositing said initiation |ayer conprises the
15 st eps of: - depositing a netallic layer on said
substrate; and subj ecting said substrate to a zincating
process, whereby said netallic layer is ?% | east 20 partially
consuned. - ' 8/10
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10. Method of claim9 wherein said netallic | ayer conprisés a

materi al. selected fromthe group : : consisting of Al, My, Al alloys
and My alloys. 25 11. Method of claim1l further
conprising the step of form ng an adhesion | ayer between said
9/10 '
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&

substrate and said texture |ayer. 5 ' : 12. Method of claim1l

wherein said texture | ayer is forned by vacuum deposition
13. Method of claim 12 wherein said texture | ayer is an all oy
conprising a first material 10 selected fromthe group consisting of
- N, Pd, Pt, Re and Fe and a second material selected fromthe
group consisting of No, Ta, Zr, Ti, Wand V. : :
10/10

100\
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14. Method of claim 12 wherein said texture 15 |l ayer js anda =)
conprising a first materi al sel ected fromthe groygp I
"N, Co, Fe. and Mo and a second material selected fjr RER’WE%‘FW%@T
gr oup conS|st|ng of P, B, Se and Sb. 20 15. tthod of claim
12 wherein said texture layer is a Co or Ni based|alll o}® SEP 1597
16. Method of claim 12 wherein said textulk | ayer Ji4_a silicide

of a material selected from 25 the group consisting ¢f Ni, Nbo and

Pt . '

g) The height of the NiNb texture feature
does not change too much if the laser
power varies. (This makes it easier to
control the texture features during

5 manufacturing.)

h) NiNb strongly adheres to glass without
the need for a separate adhesion layer.

It is desirable to deposit the layer of

material to be laser textured such that it has a
10 smooth surface. However,.in one embodiment, this
layer has a small amount of roughness to lower
stiction and friction in case the read write head
inadvértently touches down in the data 2zone.
A substrate used with a process in accordance
15 with 6ur invention is typically a chemically
strengthened glass substrate, such as a
. borosilicate glass. The glass substrates
discussed in the above-incorporated Kijima and
Chen patents can be used. Alternatively, other
20 ~ substrate materials such as glass ceramic, SiC,

sintered carbon or Si can be used.

Brief Description of the Drawings

Figs. 1A'and 1B illustrate in cross section a

25 magnetic disk having a glass substrate during a
manufacturing process in accordance with a first

embodiment of our invention.



17. The magneti ¢ di sk manufactured by the met hod of clain11
manuf acturing a nmagnetic 5 di sk conp }olug B SHUET

18. A nethod for
st eps of:

-

10

15
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25
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Fig. 1C illustrates in cross section the .
magnetic disk of Figs. la and 1b at the conclusion
of manufacturing.

Figs. 2A and 2B illustrate laser bumps formed
in a plated NiP layer in accordance with our
invention.

Fig. 3 illustrates in cross section a
magnetic disk having a glass substrate during a
manufacturing process in accordance with a second
embodiment of our invention.

Fig. 4 illustrates in cross section a
magnetic disk having a glass substrate constructed
in accordance with a third embodiment of our
invention.

Fig. 5 illustrates laser bumps formed in a
NiNb layer formed on a glass substrate in
accordance with our invention.

Fig. 6 illustrates a "sombrero" shaped bump
formed by a laser in a sputtered NiP layer (15.5
wt. % P).

Fig. 7 illustrates a "ridge" shaped bump
formed by a laser in a sputtered NiP layer (15.5
wt. % P).

Fig. 8 illustrates the relationship between
the thickness of a NiNb layer and the energy

required to burn through the NiNb layer.



depoéiting a netallic initiation |layer onto a gl ass or gl ass

ceram c substrate; el ectrol ess plating a N pP-tayer—opty sS4l
substrate after said step of depositing said 10 met IBH%AﬁﬁMFQhéﬁ%#F
| ayer, said initiation |ayer initiating said eleg¢tfoless plating
of N P; | aser texturing said NiP |ayer; and 15 SEP 1997
deposi ting an underl ayer, magnetic |ayer khd proteg¢ti ve overcoat
onto said NiP |ayer after said 15 step of |aser textumr#ag:

19. Method of claim 18 further conprising

10

15

20

25

Fig. 9 illustrates the relationshib between
bump height and laser pulse energy for various
texture layer materials.

Fig. 10 compares the impact resistance of
disks comprising Al substrates covered with plated -
NiP and disks comprising glass substrates.

Fig. 11 schematically illustfates a magnetic
disk drive incorporating a disk in accordance with

our invention.

Detailed Description
First Fmbodiment Using a Plating Process

Referring to Fig. 1A, a disk 110 includes a
glass substrate 112, a Cr adhesion layer 114 and
an Al layer 116. Substrate 112 is typically
chemically strengthened borosilicate or
aluminosilicate glass. Cr adhesion layer 114 is
typically 5 to 50 nm thick (in one embodiment it
is 20 nm thick) and is formed by sputtering at a
rate of 4 nm/éecond at a power of 1 kw and a
pressure of 6.5 mtorr in argon. In one
embodiment, an Intevac 250A sputtering system
{(manufactured by Intevaé of Santa Clara, CA) is
used to D.C. magnetron sputter layers 114 and 116.

Al layer 116 is typically 50 to 500 nm thick (in

one embodiment 200 nm thick) and is also formed by



t he §tep of form ng an adhesi on Iayer'betmeen said

~substrate and

initiation layer, said adhesion 20 | ayer conpri sing HﬂﬂﬁMEMﬁNJ SHEWT
selected fromthe group of materials consisting df E~—+ar—Mo, '
Vv and Nb, said underlayer conprising a sputtered

materi al selected fromthe group consisting of Ni P aniSSEP 1997
20. A nethod for manufacturing a magneti cl4 di sk cq lsing:

10

15

20

25

sputtering, at a rate of 6.3 nm/second at a power
of 1 kw and a pressure of 10 mtorr in argon. Cr
layer 114 is optional, and is provided to ensure
that subsequently deposited layers strongly adhere
to glass substrate 112. Al layer 116 facilitates
a subsequent zincating process.

Referring to Fig. EJL disk 110 is subjected
to a zincating process, e.g. as described in the
above-incorporated Lowenheim reference, to form a
Zn initiation layer 117. Zn initiation layer 117
is typically -about 5 to 10 nm thick. During this
process, Al layer 116 is partially or completely
consumed, depending on its thickness.

In one embodiment, the substrate is subjected

to a first zincating process, the resulting Zn

-layer is stripped off by dilute nitric and

sulfuric acids, the substrate is subjected to a
second zincating process, the resulting Zn layer
is stripped off, and then the substrate is
subjected to a third zincating process. These
process steps result in formation of an improved
NiP film (formed in a subsequent plating process,
described below) with a finer NiP nodule
structure, and a smoother NiP surface, but it is
not presently clear why this is. In other

embodiments, the zincating process is only



‘

40 depositing an initiation |ayer on a
glass or glass ceram c substrate; el ect .essﬂ4néﬁ+4ﬁr4r~,
| ayer on said initiation layer; and 5 REPLACEMENT SHEED |
depositing an underl ayer, magnetic |ayer and protéc -UverCGET')i
i i
on said el ectrol ess plated I ayelr5 i l 1% SEP 197 | l
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performed twice. In yet other embodiments, the
zincating process is only performed once.
Referring to Fig. 1(, NiP layéf 118 is
deposited to a thickness between 5 and 10 microns,
and typically about 8 microns, by electroless
plating. NiP plating is discussed by Pearlstein,
"Electroless Plating", which is chapter 31 of the
third edition of "Modern Electroplating”, edited
by Lowenheim, published by Wiley in 1974,
incorporated herein by reference. During NiP
plating, Zn layer 117 is consumed. (Of
importance, electroless plating of NiP is an

autocatalytic process. 2Zn-layer 117 initiates

" that process.)

NiP layer 118 is then polished using
conventional techniques and laser textured to form
bumps B. Laser texturing can be accomplished
using an yttrium vanadate laser, available from
Spectra Physics Corporation. Such a laser
typically produces pulses at a frequency of 5 KHz
having a duration of about 10 to 70 nanoseconds
("ns"), a spot size of 6 to 11 microns, delivering
0.06 to 3 microjoules per pulse and a wavelength
of 1.064 microns. Alternatively, an yttrium
lutetium fluoride ("YLF") laser, manufactured by
Schwartz Electro Optics Co., with a wave length of

1.047 microns, 0.3 to 15 microjoules per pulse, a
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21. Method of Claim 20 wherein said 10 el ectrol ess plated | ayer

conprises NP, said nmet hod further conprising thej _
texturing said Ni P | ayer, depositing said under | ayeRERIACEMENT NSHEET
| ayer, and depositing said magnetic | ayer on saidjfu *

22. Method for manufacturing a magnetic disk conpi

of providing a substrate; 16 providing a I ayér

Ni and Nb on the substrate; and

spot size of 6 to 11 microns, a pulse rate of 70
KHz, and a pulse duration of 200 to 300 ns can be
used. However, other types of lasers can be used
to texture a disk in accordance with our
5 invention.
While the laser is pointed at the NiP film,

the substrate is rotated, so that each pulse forms
a bump at a different position on the disk. The
amount of energy delivered during each pulse, the

10 pulse duration and spot size are selected to
provide bumps having a desired size and profile.
Fig..glLillustrates a series of laser bumps formed
on a plated NiP layer on a glass substrate. The
substrate included a 20 nm thick Cr layer and a

15 200 nm thick Al layer. A sacrificial Zn layer was
formed by a zincating process, and the NiP was
plated thereon. The laser bumps were formed in a
series, each group of bumps in the series labeled
from 1 to 19 in Fig. 2A. Laser pulses at 2.86

20 microjoules of energy were used to form group 1.
The spot size was 11 microns, and the laser pulse
duration was 25 ns.

The power used to form the bumps in group 2

was 5% greater than the power usea to form the

25 bumps in group 1,Ithe power used to form the bumps
in group 3 waé 5% greater than the power used to

form the bumps in group 2, and so forth. As can
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No. ~ 23. Method of Caim22 wherein said REPLAG?H?ﬁ?r§yEJf
conprises a material selected fromthe 25 set of mat¢rials ,
conprising glass, glass ceramc, SiC, Si or sputtered carbon. E
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be seen, one can alter the size and profile of the
laser bumps by adjusting the power of the laser
beam used to form the bﬁmps. In one embodiment,
the energy used to form laser bumps is between 2
5 and 6 microjoules, the pulse duration is between
14 and 40 ns, and the spot size is between 6 and
11 microns. However, our invention is not limited
to the specific parameters used to form bumps, and
those skilled in the art will be able to select
10 laser parameters to tailor bump sizes and profiles
to suit their requirements.
The bump shapes in Fig. 2.A are generally
"sombrero" shaped. Laser pulses typically form
eithef a sombrero shape (e.g. as shown in Fig. 6)
15 or a ridge shape (Fig. 7). In a plated NiP layer,
one can form sombrero shaped bumps, as shown in
Fig. 2A- and 6, or ridge shaped bumps, as shown in
Fig. EEZand 7. (The bumps of Figs. 6 and 7 were
formed in layers of sputtered NiP. Laser
20 texturing of sputtered NiP layers is discussed
below.) Sombreros can be formed in plated NiP
using short pulses (e.g. less than about 30 ns)
combined with wide spot sizes (e.g. greater than-
about 10 microns). Ridge shapes predominate under
25 other conditions. Fig. 2B" shows a set of ridge
shaped bumps formed in plated NiP. The NiP was

formed on a glass substrate covered with 20 nm



24. Method of O aim 22 wherein said |ayer CONPr jp-&i j i
a NiNo alloy between 50 to 500 nm t hi ck. 5 § REPLACEMENDSSHEET

Met hod of Cl aim 22 wherein said | ayer conpri sing
bet ween 16 and 60 at. % Nb and between 84 and 40 : ‘%I\gEP 1997
26. A di sk manufactured by the nmethod of1810 Claim?2 :

thick Cr and 200 nm thick Al. The Al was
subjected to a zincating step and electroless
plating of NiP. The bumps in Fig. 2b are arranged
in rows labeled 3L to 49. The bumps were formed
5 using 40 ns laser pulses and a spot size of 8

microns. The spots in row 31 were formed with
pulses of 0.77 microjoules. The pulses in row 32
had 10% more energi than those of row:iij the
pulses of roﬁ_gg_had 10% more energy than those of

10 row 32, and so forth. As can be seen, the Fig.iigm
bumps are ridge shaped.

Our invention enc;mpasses both ridge and
sombrero bumps. In the case of either type of
bump, the bump height increases with increased

15 laser power. For either type of bump, the laser
power must be sufficient to melt the NiP. The
laser power should not be so great as to burn
"through the NiP.

After texturing, disk 110 is then completed

20 by a conventional process, e.g. sputtering a non-
ferromagnetic underlayer such as a NiP or Cr
underlayer 120, a magnetic layer 122 and a
protective overcoat 124. See, for example, U.S.
Patent 5,180,640, issued to Yamashita,

25 ' incorporated herein by reference.

In one embodiment, underlayer 120 is Cr and

magnetic layer 122 is an alloy such as CoCrTa



27. A di sk drive conpri sing:

t he net hod of

motor coupled to the disk for rotating 7 the REBIACEMENT SHEET
a read-wite head held in proxinmty to saild [T sk For Teadijng
data fromand witing dat azio t he disk. ! 15 Scp 57 |
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é di sk as manufactured by

Clains 1, 20 or 22; 15

Fig. 3 illustrates a magnetic disk 150 during
a manufacturing prodéss in accordance. with a
second embodiment of our invention, including
glass substrate 112 and optional Cf adhesion layer
114 as discussed above. However, in the
embodiment of Fig. 3, a Zn initiation layer 115 is
formed by a vacuum deposition process such as
sputtering. When formed by sputtering, Zn layer
115 can betsputtered at a rate of 24 nm/second at
a power of 1 kw and a pressure of 10 mtorr in
argon. Zn layer 115 is typically 60 nm thick.

Thereafter, NiP layer 118 is electroless
plated onto Zn initiation layer 115, and is then
polished and laser textured. (Zn layér 115 is
either partially or completely consumed during NiP
plating.) Manufacture of the disk is then
completed by deposition of underlayer 120,
magnetic layef 122 and protective overcoat 124 as
discussed above in relation to Fig 1C.

In lieﬁ of Zn, other materials capable of
initiating’electroless plating can be used, e.é.
Pd, Co, Fe, Rh, Be, NiP, Ni and alloys thereof.
Such materials can be vacuumsdebosited (e.g., by
sputtéring) either onto adhesion iayer 114, or

directly onto substrate 112:
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Third Embodiment Using a Vacuum Deposited Texture,
Layer h

Referring to Fig. 4, in another embodiment of
our invention, instead of using electroless plated
NiP, a NiNb layer 119 (e.g. 50% Ni, 50% Nb by
mole) is vacuum-deposited oﬁto adhesion layer 114,
e.g. to a thickness of 50 to 500 nm. In one
embodiment, NiNb is deposited by sputtering. NiNb
is amorphous and does not tend to cryétallize. We
have discovered that texture bumps can.be formed
in NiNb having a height of 20 to 30 nm. Even for
NiNb films 100 nm thick, We have found that
texture bumps of 20 to 25 nm can be formed. *

In one embodiment, laser texturing is
accomplished using a vanadate laser, a laser pulse
duration of 14 to 260 ns, an energy per pulse of
0.1 to 10 microjoules, and a spot size of 6 to 11
microns.

Fig. 5 illustrates a series of laser bumps
labeled 41 to 59 formed in a 500 nm thick
sputtered NiNb film in accordance with our
invention. The laser was the same as that used to
form the bumps in Figs._gﬂ_and‘gi. The substrate
included a 25 nm thick Cr layer. The energy used

to form the bumps in group 41 was 1.44

.microjoules, with each succeeding group of bumps

formed with 10% more energy.
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width was 14 ns and the spot size was 11 gm. The Y axis of Fig. 9
is in nanometers, while the X axis represents laser pulse energy in
microjoules. In curve 81, the slope is generally less than 1 nm per
1% change in pulse energy. In curve 82, -for pulses less than 1
microjoule, the slope is also less than 1 nm per 1% change in pulse
energy for cufve 80, operating near the top of curve 80 provides the
benefit of near insensitivity to laser pulse energy fluctuations.
(Operating near the top oi" curve 80 also prevents the bump heights
from being chosen arbitrarily as it can be in curves 81 and 82). The
bumps in Fig. 9 had the following shapes:

80 sombreros

81 ridges

82 sombreros
Impact Resistance

As demonstrated above, a laser can be used to texture a metallic

film on a glass substrate. One advantage of this method is that glass
substrates exhibit greater impact resistance than NiP-plated aluminum.
Fig. 10 shows the force needed to dent substrates having the following
structures:
| 1. An aluminum substrate plated with 8 micron thick NiP

(labelled "NiP/Al" in Fig. 10);
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TEXT OF THE ABSTRACT

METHOD FOR PREPARING A SUBSTRATE FOR A MAGNETIC DISK

A method for manufacturing a magnetic disk comprises the step of depositing a metallic layer
on a glass substrate (112) and laser texturing the metallic layer. The magnetic disk is then
completed by deposition of (a) an underlayer (120) such as Cr or sputtered NiP, (b) a magnetic
layer (122) such as a Co or Fe alloy, and (c) a protective overcoat (124) such as ZrO,, carbon
or hydrogenated carbon. By providing the above-mentioned metallic layer, laser texturing can
now be used in conjunction with glass substrates.
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