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passivated so that it nmay act asPTATENGDIN WONMEWALLWOMDOBERDN which is
electronically witten onto the disk. Coating and passivating a hard disk
data storage elenent is generally undertaken to provide a surface which is
both chenical ly and mechanical |y agpkigticfi &heydnwentiony data storage
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onto the alum numdi sk drive. Hard disk nenory conpohents have cer arn
properties or chardi¥&S-sti cs whi ch make them commercially practicable
products. For exanple, hard disk conponents shoul d be snooth or have an
ability to be super finished to ato Ennothness . The di sk shoul d
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. eties and nounds.
‘The di sk should al so be In the computer 1ndustry, hard disk data

storage elements or memory are generally made from
aluminum or an aluminum alloy. Through any variety of
processes, the aluminum is treated or otherwise coated
and passivated so that it may act as a repository for
information which is electronically written onto the
disk. Coating and passivating a hard disk data storage
element is generally undertaken to provide a surface
which is both chemically and mechanically appropriate
for use in a data storage environment. Mechanical
coating and passivétion of the disk covers defects and
provides a surface which is capable of being polished
and super finished. Chemical passivation of .the disk
includes the covering or sealing of any defect promoting
constituents on the disk surface. One means of coating
and passivating the aluminum is to apply a nickel

yqosphorous plating onto the aluminum disk drive.
& Hard disk memory components have certain
éxties or characteristics which make them

?‘1ally practicable products. For example hard

('ld also be free of defects such as holes, pits,
digs, scratches and mounds. The disk should also be



£2- thin so that as many di sks as possible can be packaged or placed in a
di skxdrive. Fabricating a disk which is thin and has a |ow mass is al so
easier on the drive notor. The disk should also be hard and quite stiff.
Hi gh stiffness, as measured by the nodul ous of elasticity, allows the disk
to avoid harnmonic vibration. One other attribute that the disks preferably
have is a | ower cost. The conventional nmaterigal used in this fabrication
has traditionally been al um num or an al um num magnesi um al | oy. Coati ng
this alloy with a thixkedo pHinite g3 mangesiakband pussibde sanf heepabkaled
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it provides a rela&&aﬁﬁs/smﬁé di@®%ks shbgld hmé6r5é|héﬂaséﬁat§u1€§ aciesul t,
any shock to the flJ%% at_ls intense enougg % k e read/ ite
transducer of f thdf ﬁﬁﬁf“ﬁﬁ?&t@samﬁéfgf Yt éen?e ﬁ}oﬁfa? which will
continue through telaste ity Haﬁpasbsheaﬁesklnoeasemdeharmenatunnhnation.
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assi st in reducing e occurrence o ect.s ernative al um num
substrates for harkwimleedts the use of nonmetallic materials such as

glass, glass ceramc, and cemamconv¥atieHsl CRaténgalebsedsihayribeen

devel oped for Coapéég§542¥¥%mv%Fer%ragltlonally been aluminum or an
aluminum magnesium alloy. Coating this alloy with a
nickel plate provides a hard exterior surface which
allows the disk to be polished and super finished.

While the nickel plate on the exterior of the
disk provides a certain level of hardness, the aluminum
alloy used as the internal substrate of the disk is not'
ideal as it provides a relatively soft 1less rigid
internal substrate. 2As a résult, any shock to the file
that is intense enough to lift thé read/write transducer
off the disk may create a defect in the nickel plate
which will continue through to the aluminum substrate.
In essence, the aluminum substrate of the disk provides
no additional hardness or stiffness to assist in
reducing the occurrence of defects.

One alternative to aluminum substrates for
hard disks is the use of nonmetallic materials such as
glass, glass ceramic, and ceramic. Various coating
methods have been developed for coating these materials.

For example, Japanese patent 4280817 discloses
a method for forming a thin zirconia film on a glass
substrate. Zirconium n-propoxide, acetic acid and water
are reacted to form a zirconia precipitate precursor
gel, mixed with acetic acid and n-butanol, heated to
60°C, coated and_sintered onto the glass. The coated
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For eXanple, Japanese patent 4280817 discloses a nethod for formng a thin
zirconia filmon a glass substrate. Zirconium n-propoxi de, acetic acid and
water are reacted to forma zirconia precipitate precursor gel, mxed with
acetic.acid and n-butanol, heated to 60[err]C, coated and sintered onto the
gl ass. The coated -3 - glass is thermally treated at 500[err]C to form
cubic zirconia. Vong, 4,397,671, discloses afethod for formng a netal
oxide filmon the surface of a heated glass substrate by form ng a powder
from an organic b@ﬂ@&sn&BatheahhlmpichehSeﬂeat siegcooposabbem &ublcas "neta
acetyl acetonates., IS |s I r f zZirc i oating on
t he heated gl ass. ngﬁa|98 Segbgg 879 % g%%%egdasc?g 8@ g CHet hod
for making a ceraﬁqgmﬁﬁg'ét@ﬁtéi aﬁpﬂ?lﬁgﬂﬁ.@@It@¢oﬁunfagal¢édauheehé®r|de
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second | ayer is f %rW% aat%gg Lo nlc Plungé

3, 850, 665, di scl o ﬁé aribRP gt® SRCIA 3r%ou§u‘aﬁ1 as

nonvi t r eous substmatalbycapplyaogtomatée SLmhéreursenmxﬂﬂmﬁﬂé$@ﬁeaﬂﬂprising

an acetyl acetona egi f T bstrate and
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conposition are simnul eous or Wert the
coprecipitate to a metal oxPdélederahly. /ﬁﬁﬁRFQhﬁimmﬁéﬂ%lwﬁﬁ%h @%ﬁplnses

preci pitated are @i ¥ednes Efartt\é@kﬁﬁgr@r@efﬁmié YPas Ut by CORM Jind
vanadium copper, ziteonlugl SH{pmbm Endangse:, yéﬁé's%”%féc“é‘gos% & Tanc
| ceramic body and stoving in the coating, after which a
second layer is formed by plating in a nickel bath.
Plumat et al, 3,850,665, disclose forming a
metal oxide coating on a vitreous or nonvitreous
substrate by applying to the substrate a composition
comprising an acetyl acetonate coprecipitate of two or
more metals. The substrate and composition are
simultaneously oxr subsequently heated to convert the
coprecipitate to a metal oxide coating. Among the
" metals which can be precipitated are mixtures of two or
more of iron, nickel, cobdlt, zinc, vanadium, coéper,
zirconium, chromium, manganese, yttrium, tungsten, and
indium. Klinedinst, U.S. Patent No. 5,118,529 discloses
a method for coating titanium dioxide onto surfaces such
as those comprising zinc sulfide, phosphor to provide
for any number of enhanced properties including chemical
resistance in absorbency, as well as the filtering or
reflection of electromagnetic radiation.
Further, Schultze et al, U.S. Patent No.
5,043,182 discloses a method for producing ceramic metal
composite materials through the application of ceramics
onto a substrate. Subsequently, molten metal is
infiltrated into the pores of the ceramic material.
B{gdstreet et al, U.S. Patent No. 2,763,569 discloses a



I‘ndi um Klinedinst, U S. Patent No. 5,118,529 discloses a nethod for
coattng trtanium di oxide onto surfaces such as those conprising zinc

sul fide, phosphor to provide for any nunber of enhanced properties

i ncl udi ng chemical resistance in absorbency, as well as the filtering or
reflection of electromagnetic radiation. Further, Schultze et al, U S
Pat ent No. 5,043,182 discloses a nethod for psoduci ng ceram c net al
conposite materials through the application of ceram cs onto a substrate.
Subsequent |y, nol tegatimgakeitbodnfokt naeeini nhe apelporetonfof heetractixy

material . BradstreRlcaatl o&ideUrPi1mEabaPL dra?: g88r 269n iR CAPS eSuectedt-

coating nethod for use in the apgl I cation of refractory netal oxide filns
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such as jet engi nemgiheen still, problens exist with the coating of
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Glass provides a hardness which is superior to
aluminum with a small increase in stiffness. However,
most glasses have alkaline metal ions present in their
composition which may cause a corrosive effect known as
a salt bloom. This chemical phenomena may additionally
contribute to disk malfunction. Even after sputtering a
magnetic layer, and wear.layer, the glass is not
completely sealed and corrosion problems may occur.

Glass/ceramics provide superior hardness and
stiffness. However, glass ceramics cannot generally be
super finished. Specifically, glass ceramics are
difficult to polish while preventing other physical
phenomenons during the polishing cycle. Because of
hardness of glass/ceramics, finishing cycles are very
long and the disks begin to adopt certain
characteristics which are undesirable such as edge roll
off.

Ceramic materials also provide superior
stiffness and hardness when compared to aluminum
substrates. However, due. to the crystalline nature of
ceramics, the material inherently has defects such as
pits and holes. Further, due to the absolute hardness
of ceramics, the material -is difficult to super finish.

One alternative to creating a hard disk from a ceramic
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rfragnetic | ayer, and wear |layer, the glass is not conpletely seal ed and
corrfosi om problens may occur. d ass/ceram cs provide superior hardness and
stiffness. However, glass ceram cs cannot generally be super finished.
Specifically, glass ceramics are difficult to polish while preventing other
physi cal phenonenons during the polishing cycle. Because of hardness of

gl ass/ceram cs, finishing cycles are very logg and the di sks begin to adopt
certain characteristics which are undesirable such as edge roll off.

Cerani ¢ materi al scemesigrion des supdabericstief thessezaadihatinesghwaehot

conpared to al um yuuma ﬁs&tis% due CLY e ure of
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must be undertaken. Surface coating/passivation can be
achieved by plating a layer of nickel phosphorus onto
the nonmetallic substrate. However, nickel phosphorous
plating nonmetallic substrates generally fails due to
poor adhesion. Plated materials can adhere to a
substrate eithei chemically or mechanically. Plated
materials do not tend to bond well to nonmetallic
substrates. Thus, mechanical adhesion is a natural
alternative. Unfortunately, nonmetallics such as glass,
glass/ceramic and ceramic tend to be smooth and no
mechanical bonding can be obtained.

As a result, there is a need for proceéses and
resulting articles which resist defects, provide a
smooth substrate surface, (to atomic smoothness), are
relatively thin, have low mass and have high stiffness
and hardness.



dchieved by plating a | ayer of nickel phosphorus onto the nonnetallic
substrate. However, nickel phosphorous plating nonnetallic substrates
generally fails due to poor adhesion. Plated naterials can adhere to a
substrate either chemically or nechanically. Plated materials do not tend
to bond well to nonnetallic substrates. Thus, nechani cal adhesion is a
natural alternative. Unfortunately, nonmetalkLcs such as gl ass,

gl ass/ceram ¢ and ceramc tend to be snooth and no nmechani cal bondi ng can
be obtained. As a result, there is bf athermsasatisomnd resul ting
articles which resist defe , j.de a ot h _substrat urface, (to
atom c snoot hness), are_reﬁ%.iﬁégé?éﬁ%ﬁ% wﬁ%&ealS%Fggs?sgﬁg%h8§egﬁth
stiffness and har¥méeation, SR OPrPMEdeRVENTEONORt of spadatabgest of the
present inventionégmer®] i ahStiatd. mMrhe fesaduanhadasesf abphssprinL art.
According to one aqu&é of the present Lgventlog there is grOV|ded a fret hod
of plating a nonngt aTT7FESEUb ing, £41Me PRoHRE o RPPEEFRE St ABAsEERRLERT
(a) depositing a pdiessicorerdennasid ifdimand makat shyt Felmatetadl,toat o said
nonnmet al i ¢ subst | )., sai [ rsor,eonposi-tion_Ls_capabl e of
formng an adhesiéégéﬁwé¥§§€%5ﬁ51|% a%H%%%o§8 Bgﬁﬂt?%% %? l%%ﬁ%%?vgfate
enhanci ng fil mi sigrefRreed frytihe Pptadviicandhgsiennanbanaing (Bilhormi ng a
catal ytic adhesion enhanci ng: biddd:nalsi B aNdedshaROSLEY 521 Lhor Cur sor
conposi tion; and (q& formng.,an oyter Bla e_on Sﬂid &ata ytic_ adhesion
enhancing film APt FRET6 A8 PESFetedor PHREST RRRPeFayEhEi on there
I's provided a pl ahdsstraaeetifalan dnselshoanetathid suthstrate, canpidtésdon ()

an i nner nonnetal/lJd r - (b S| ' | c) a
catalytic nateria ',b%‘e‘%%gﬁ efglglvferg églﬁglggﬂgst?%ﬁe]g%%%%ﬁgsﬁ%&no\g%r Paki ng
sai d adhesi on enfridt idie iadhesical prhancing f#lnamedtan Priee

passivating plate deposited over the adhesion enhancing
film.

In accordance with a further aspect of the
invention there is provided a data storage and retrieval
device using the plated nonmetallic disk for data
storage and retrieval of the invention.

We have found that the pretreating of the
nonmetallic substrate assists greatly in plating
operations. In order for nickel to adhere to gléss, a
boundary layer which will adhere to both nickel and
glass must be used. Ceramics such as titanium,
zirconium, aluminum, and niobium oxides bond very well
to glass. Also, ceramics can be formed to be porous and
microscopically rough. Micro-roughness and porosity
create good mechanical adhesion between the ceramic and
the plated material. In addition to cost advantages,
glass, glass/ceramic, and ceramic have better head slap
resistance, and an improved stiffness to weight ratio
over aluminum. ]

This concept is more clearly demonstrated by
spraying a solution of zirconium n-propoxide on to a hot
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deposi ted over said adhesion enhancing film According to stil

anot her

aspect of- the present invention there is provided a data storage and
devi ce, said storage device conprising a plated, nonnetallic disk

retrieval
for data
nonnet al |
mat eri al

deposited over said adhesion enhancing film

storage and retrieval, said disk conmprising: (a) an inner

I c substrate; (b) an adhesion enhancing film (c) a catalytic

deposi ted over said adhesion enhancing film (d) an outer
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nonmetallic substrates such as glass, glass/ceramic, and
ceramic, the nickel phosphorus plating alleviates many
of the problems inherent with these materials to provide
hard and/or stiff disks which are superior to those
presently known and used in the art. The nickel
phosphorus plating of a glass substrates eliminates
problems of corrosion as it encapsulates all the
alkaline metal ions which may leach out. In the use of
a glass/ceramic substrate, nickel phosphorus provides a
surface which is much more easily finished in
substantially shorter cycle times thereby preserwving the
physical integrity of the resulting disk. Nickel
phosphorus coating also solves porosity problems with
crystalline ceramic material which lead to defects.

Brief Description of the Drawings

Fig. 1 is a top perspective view of a data
storage system with its upper housing cover removed; and
Fig. 2 is a side plan view of a data storage

system comprising a plurality of data storage disks.
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produetion of hard and/or stiff disks for disk storage devices and conputer
systens fromnonnetallic substrates As a first step in the process of the

i nvention, a nonnetallic substrate or blank may be obtained through any
nunber of means known to those of skill in the art. Exanples of substrates
or blanks which may be used in accordance with the process of the invention
include floated or nolded gl asses, glass/cer@sics, or ceramcs which are
made from processes known to those of Skl|| in the art or are ach|red from
conmmer ci al sources. 2 2 & - =t

centrally configured hole qm@ qgnghggggdlgdge§ethad05ge§1§ghﬁ§nger the
surface of the substrat r.ec |ve to a he $ d%strate may

treated. Any nunmE™ %;%ﬁﬁa STRASHERGS d1P81B 891 dBRAPRNERS ﬁ%chanlcal
adhesi on and/orgadhasmdnzaﬂhaacang Eahmr ahl 3n NevéEnschstrathesi treatinde
provi ded by etchi el PUDA' 8! GgRL DhaTll® CIEARR |

surface capable o nec anical inter
create this type a1 £osmfias ainnoyﬁersgggmagépéassm@*ém@ypb%t@m the
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chemcal etchant stodate roadneetakiecaiubstiats usbmgdesecbﬁ&mé¢ on
.substrates.

A. The Process

The process of the invention allows the
production of hard and/or stiff disks for disk storage
devices and computer systems from nonmetallic
substrates.

As a first step in the process of the
invention, a nonmetallic substrate or blank may be

! cbtained through any number of means known to those of
skill in the art. Examples of substrates or blanks
which may be used in accordance with the process of the
invention include floated or molded glasses,
glass/ceramics, or ceramics which are made from
processes known to those of skill in the art or are
acquired from commercial sources. Generally, these
substrates oxr blanks are disks with a centrally
configured hole and configured edges.

In oxrder to reﬁder the surface of the
substrate receptive to adhesion, the substrate may be
treated. Any number of processes may be used to provide
enhanced mechanical adhesion and/or chemical adhesion.
Generally, mechanical adhesion may be provided by
etching the surface of thefsubétrate or blank to create

a surface capable of mechanical interlocking.



the surface of the substrate which, in relationship to the plane of the
substrate, are both vertical and horizontal. In doing so, the etchant has a
keying effect which all ows subsequent |ayers to be attached to the
substrate through a mechani cal nmeans. Preferably, the etchant used on the
substrate surface will depend upon the conposition of the nonnetallic
substrate or blank. In the case of glass, glass/ceramc, and ceramc,
preferred etchants include eutectic m xture of |ithium hydroxide, sodium
hydroxi de or potassium hydr @daydetchaatsebiich wylit ogxreatgerisl typdast a

concent rat i on wi t higeddie 351 Xl Subledeut sJ%ﬁQéeamQ?tBéSuélé‘ah%@rox' de has a

concentration of 40 w-% GCenerall etching 1s co L mrer si ng, t he

t ed
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envi ronment al t emmgr l n
300[err] C. Caust | C %&J %O%OI E@H%gxgcgﬂc?uégdﬂgdiéﬁ a)ﬁ'g'k%ce of 1 CE]&&I
nonnetal | i ¢ bl ank fmdm,ata@dbyoﬁpssyumg y@eoxidet i cUseiroligh chemiceal

sol ution which is ddenRalked 1aff an&QEQEliB%@Q@H&@é'&fb@idé?aciefé’a%rkSh
f rom about 210[eréa%to OOEerr C, After etchin an 1nner of film

may then be appli k&ec ARRPERRTENEBHER_ hat? G571 aa RP dt° t he
surface of the subhtig gileneCeiferthlel gubatyatdpbere dboth | vertiyabeanibed t o

enhance nechani calhorlzojngaland Iﬁhgrrkgsl gdh,ggé o&%égp ng I reoy]{ndge a hard,

por ous
effect which allows subsequent layers to be attached to

the substrate through a mechanical means. ,

Preferably, the etchant used on the substrate
surface will depend upon the composition of the
nonmetallic substrate or blank. In the case of glass,
glass/ceramic, and ceramic, preferred etchants include
eutectic mixture of lithium hydroxide, sodium hydroxide
or potassium hydroxide. The sodium hydroxide genexrally
has ia concentration within the mixture of 60 wt-% and a
potassium hydroxide has a concentration of 40 wt-%.
Genérally, etching is completed by immersing the surface
to be etched on the substrate in the caustic mixture for
a period of time ranging from about 10 seconds to 20
minutes. During this time the environmental tem?erature
is maintained in a range from about 210°C to 300°C. .

Caustic etching may also be completed on the
surface of the nonmetallic blank or substrate by
applying the caustic through a water solution which is
then baked off through the application of heat ranging
from about 210°C to 300°C..

After etching, an inner layer of film may then
be applied to enhance the chemical and mechanical
adhesion of the surface of the substrate. Generally,

any number of films may be used to enhance mechanical



and spongy surface with good bonding to the nonnetallic substrate
Preferably the inner layer of filmwll enhance adhesion by defining a
system of void spaces. These characteristics will allow the nickel
phosphorus to bond firmy to the inner film Further, the adhesion
enhancing inner |ayer also preferably adheres chem cally and/or
mechanically to both the substrate and the cgating/ passivating plating to
provi de a disk of high structural integrity. Any nunber of compounds or
conposi tions may hadushdmésal hadhesisn fvhieh Reilde gaanic: W tHadde porous

i nvention. Prefer y o [ of the.inner filmmnesults fr a
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al koxi des may be %ﬁ{/}g#g%g%n%?ﬁ%%% a rkgofgddqu"tseyﬁggbgg:ﬁ as net %{%ﬁ{&gflﬂy

et hoxi de, propoxi @ed/ent BREkRyL oxia&otdy the sxbsd rageoRglottiher s.

Preferred cormounééai;m%,pﬁ@séb@aﬂﬂ@&@&&ﬁtiooa;&rdvaldealak%isq&e%fo_fhigh
S|

zirconium titanium I con, and nj xtures ereof, such as zirconium
i sopropoxi de. | n BEEYCHHERe % 5 may be applied to the substrate neat
or in a solvent base. The shhwemimbemcifi crsnpiomnidsmoge ciorpoaiid idnisumayt be

ool 55 B S AT L b Che AR S iR O
Preferably, the composition of the inner film results
from a thermally decomposable precursor composition. In
oxrder to adhere to the nonmetallic substrate or disk,
the inner layer preferably comprises a material which
has some affinity for the nonmetallic substrate
material. When nonmetallics such as glass, ceramic, and
mixtures thereof aré used as substrates, the inner layer
may be formed from metal-organic materials such as
alkoxides and partial alkoxides of zirconium, titanium,
niobium, vanadium, silicon, aluminum, tin, and mixtures
‘thereof, among others. The alkoxides may be any range
of C, ;¢ alkoxide types such as methoxide, ethoxide,
propoxide, butoxide, pentoxide, or hexoxide, among
others. Preferred compounds include the alkoxides and
partial alkoxides of zirconium, titanium, silicon and
mixtures thereof, such as zirconium isopropoxide.

In use, these compounds may'be applied to the
substrate neat or in a solvent base. The solvent
functions to homogenize and dilute the compounds as well
as suppress flammability dgring the subsequent heating
of the substrate. The sol%ent-may be any number of

compositions which can carry the inner layer reactive
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conpositions which can carry the inner |ayer reactive precur sors.

.Sol vent s 'such as al cohols, aliphatics, dichloronethane, and m xtures
thereof all performthis function when al koxi des or partial al koxides are
the inner |ayer precursors. Preferably the al koxides are present in a
concentration of about 0.1 wt-%to 100 wt-% and nore preferably about 2
w-%to 30 wt-% In processing, the disk is-heated. The inner layer is then
applied in precursor formas an atom zed solution onto the hot disk. The
precursors then dezesposerso fHvhvertisesnathiash aioohddis.acldmpatiamt ure.
The resul ting fil g bARESohethlige NofERLALL il aNd TRV this

reticulated structure. Cenerally, thi's process may al.so be conpl et ed
t hr ough any nunbeifuBFtb?ﬂeY’hﬁ‘éa%%k%’E&ﬂ?%soﬁi&?&i%%aﬁ&kﬂ’ﬁérﬁsn&rerﬁé‘e
anat om ze sp][ ay ﬁ}ﬂﬁh@aﬁdl&pei'h@réxl:lﬁf&bf 23: 8 Blﬁretﬂea:tae;() 1§;u1tf1-ﬁc0 [e,lmc dldre@’lﬁg;l&t al
tenperature for heating,may range from.about t rrl],C.de i ng
upon the conposi t?ﬁﬁsggttﬁ% ar’lo%‘?rne A sct‘fz?t%gu%Al%t‘g‘r %’é:t_?"vézloyl,%i%f t he
substrate is di ppet-anand eorexposkeralvambonte@sati-Fasgle 30 mWeaty -ener gy,
the environmental tenperatugg 4y f ARG KORS Ma@RdTRY ThaNdendR t 0
about 600[err] C over the same tine period. The precuyrsor material is
applied in an amobRYeEf %%cﬁ‘% "L‘QP]fjt[;"l"{nJé‘ fﬂrletﬁ“i:fp rnéuoé'mt RiSc Rite &5 8¢ 28H0ut
0.01 [err]mto 10sprutiomn dieo sthd dost afidkhe iespraicarisorishehenr eated to
make it catal ytic,or conductiv |t will C t netallic
plating. Catalyti ‘38 ?rgg?%%néé O)feonfrﬁeéxr}.a&eé 1;wh:Lch a%e ?‘%Era@?:ory in nature.
The resulting film bonds to the nonmetallic substrate

and forms a reticulated structure.

Generally, this process may also be completed
through any number of other weans such as dipping and
flashing. The anatomize spray applied to the blank or
substrate surface, environmental temperature for heating
may range from about 200 to 500°C depending upon the
composition of the nonmetallic substrate.

Alternatively, if the substrate is' dipped and then
exposed to an intense flash of heat energy, the
environmental temperature where the flashing operation
may range up to about 600°C over the same time period.
The precursor material is applied in an amount effective
to form a film having a thickness of about.0.01 gm to

10 pm.

The surface of the substrate is then treated
to make it catalytic or conductive so that it will
accept the metallic plating. Catalytic treatment of the
substrate surface may be completed subsequent to the
formation of the inner layer or, alternatively,
simultaneously with the formation on the inner layver.
Any surface treatment which will make the surface of the
substrate catalytic may be used in accordance with the
invention. The surface of the disk may be made -
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substrate surface may be conpl eted subsequent to the formation of the inner
| ayer or, alternatively, sinultaneously with the formation on the inner

| ayer. Any surface treatnent which will make the surface of the substrate
Catalytic may be used in accordance with the invention. The surface of the
di sk may bé nade -12- catalytic by deposition of any agent which wll

cause the reaction leading to the depositiampnf the outer coating and
passivating |layer to proceed at a faster rate without itself being consuned
in the reaction. bdhtelppieidy cdpositiamabft eayaageutt whishr efjaldeduss t he
ability to '”'t'aéﬁed§$£é'{é on J1aman e'tf,‘ét 58438%% géﬁt LBg.pat f,and nore
specifically froman erecirol eéss ni cke at 1 ng aF JUKnown el enent s usef ul
in making the surteseing andipdessiaEdiipg daves| taerpareadi am apfastaum

gold, silver, nickgle &i®fbutZi itsel@RRlihg 2BdstinxluiasthBereqteibpef erably,
pal | adiumis used to make the surface of:L t hese substrates_cat al ﬁ%l c. To
this end, the di s¥CHaySBE® 'Jpﬁ?zlg‘x'ntc&té‘ Y5hk BGREY? ansarﬁg?fﬁ% uRt sbidf ce
such as aci di ¢ padbiati tyn ol iridea tdUdeposénival frotheasubsectateledssk nmay
then be di pped 1nkp, A0LNGI1S Uk 11pHLo8ERIAYSIONELL U 8L L. 101 SO 1T T8
rarTys of "t'he cat a

it is rinsed. Gen® e conpositio alytic bat as
concentration of mbokel ®lAting darha - % and preferably about .05 to .08

w-% of a catalytic agent stfrielRdehed Uskribei pHngkihhi Shbatbreherst |y

ranges from 1, 4.5 Th ntainin
anges ° abOUta d£g£(%ata Ytiéaf%% %gg gg&?adggmfapfatgnum, gold,

silver, nickel, iron, zinc, gobalt, and mixtures
thereof. Preferably, palladium is used to make the
surface of these substrates catalytic. To this end, the
disk may be dipped into a tank containing a palladium
source such as acidic palladium chloride. Upon removal,
the substrate disk may then be dipped into another
solution of stannous chloride after which time it is
rinsed. Generally, the composition of the catalytic
bath has a concentration of about 0.01 to 0.2 wt—%!and
preferably about .05 to .08 wt-% of a catalytic agent
such as palladiuﬁ. The pH of this bath generally ranges
from about 1.0 to 4.5. The second bath, conﬁaining
stannous chloride generally comprises 5% at a Ph of
about 3 to 5. The time for immersion in each bath
ranges from about 1 to 5 minutes.

If the surface of the substrate disk is to be
catalytically treated with the application of the inner
laYer, the catalytic compound may be co-applied with the
alkoxide compound in a dip tank. In such an instance,
the dip tank generally comprises .05 wt-% to 5 wt-% of a
catalytic compound such as palladium acetate,
chloroplatinic acid, palladium sulforesinate, or
palladium chloride which is soluble in the solvent
car;ying the precursor used to form the inner layer. The

k]
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stannous chloride generally conprises 5% at a Ph of about 3 to 5. The tine
for immerssion in each bath ranges fromabout 1 to 5 mnutes. If the surf
ace of the substrate disk is to be catalytically treated with the
application of the inner |ayer, the catalytic conpound may be co-applied

W th the al koxide conpound in a dip tank. In such an instance, the dip tank
generally conprises .05 wt-%to 5 w-% of a-xmtalytic conpound such as

pal | adi um acetate, chloroplatinic acid, palladiumsulforesinate, or

pal | adi um chl or i dénparchayer sptedlmsim ishgesereddly pxespntgimhe precur sor

used to formthe ppRgEntAY€ion Mehging ¥om LBREE baYer s@r ggussor is
generally present in a concentration ranging fromabout_2 to 30 wt-% After

application of the catal ytitttel APPIiGatdrTk ofubier SRE2AYT 16 1gVaredthy
means known to thdsskosulsktiite ndhéeapilathAdy bputibahsokneant tbgsheey be

used to coat and \vat e e substrate and, 1f desired repare it .as a
repository for daggig%ogég%§QN% a||f€%%P€ﬁ§Frpﬁ§sﬁ 8kéﬂgsi§a§e§8rﬁﬁﬁg ERe
standard in the iadattand gRssivasieddenisybskratat _nds afedgeneedl |y

produced by the QBP%@Q%éGQEQ£§”E<¥ﬂpd§%%69§i98:0&a9505€5r598$ ORLPaR1ic
catal ytic surface. The deposit itself is auto_catalytic to reduct]on and
the reaction will®t6Het SRIQIGF S eRreesaliXcERpefbPREAFA éBnERet with

the el ectrol ess nin&estspl uti on. Because the deposit is applied without an
electric current, its thic&ﬁ%&&éd&ess nickel coatings are generally
produced by the controlled chemical reduction of nickel
ions onto a catalytic surface. The deposit itself is
auto catalytic to reduction and the reaction will
continue as long as the surface remains in contact with
the electroless nickel solution. Because the deposit is
applied without an electric current, iﬁs thickness is
uniform on all areas of an article in contact with fresh
solution.

Electroless nickel solutions are blends of
different chemicals, each performing an important
function. Electroless nickel solutions typically
contain a source of nickél, a reducing agent to sSupply
electrons for the reduction of nickel, energy (in the
form of heat), complexing agents {(chelators) to control
the free nickel available to the reaction, buffering
agents to resist the pH changes caused by the hydrogen
released during deposition, accelerators (exaltants) to
help increase the speed of the reaction, inhibitors
(stabilizers) to help control reduction, and reaction-
by-products.

The characteristics of the electroless nickel
bath and its deposit are dgtermined by the formulation

-~

of these components.



uniformon all areas of an article in contact with fresh sol ution.

El ectrol ess nickel solutions are blends of different chemcals, each
perform ng an inportant function. Electroless nickel solutions typically
contain a source of nickel, a reducing agent to supply electrons for the
reduction of nickel, energy (in the formof heat), conplexing agents
(chelators) to control the free nickel availahle to the reaction, buffering
agents to resist the pH changes caused by the hydrogen rel eased during
deposition, accel erators (eMaftanysdphosptele irmhesst dlectepdets0midieel
reaction, inhibit | hb%e 1,0, eactd on-
by- products. The §%§ug§%§?i§?‘?g§§%¥$ﬁgﬁ eﬁ%lg%{lgsasgéﬁ%:{g}%zﬁ rafmjglnzr S tosf
deposit are deterRtfAg8lby PHRCHRY nRAtRS Sirwn e rdde ldmmoimpamating at4 pHDbst

hypophosphi t e reduatdes! gcéanéesshan ckelarsD| fdrnils He@V«GHH aiikKaiickel

sulfate as their f_pi Pl at.i bat,hs e alkaline (qperating

at pH val ues grea'gég$5%ﬁ%% %? %%%L?Jbrinu Eaq%d Wit lw&zﬁs 51 éﬂ,;ogfrldﬁ ckel

acetate. Acid bat HSPERYTRA RPreRsxelespraniedys cpercises) odnaimke lc enidaee of

nickel sulfate. Thhessaitc!ss aalinbin comfRatiahhy i 8 RUGEL shake than
0

I's nickel chloride, and su|fate bhaths are thoug rodace better quality

deposits than eit he?® chf FHtdebre@tides. ard sgdlatg B PIet hbonghsri al

whi ch to produce better quality deposits than either chloride
or acetate.

A reducing agent is the material which
supplies the electrons needed to reduce ionic nickel to
metallic nickel. When a salt, such as nickel sulfate,
is dissolved in water, the cation (nickel) separates
from the anion (sulfate} to form ionic nickel.

Chemical reduction is the lowering of the
electrical charge of an ion. Because metals have no
charge the reducing agent in an electroless nickel
solution must reduce the metal to a zero valence.

A number of different reducing agents have
been used to formulate electroless nickel baths. Among
these are sodium hypophosphite, amino-boranes, sodium |
borohydride, and hydrazine. These baths are described
in the following paragraphs.

‘The majority of electroless nickel used
commercially is deposited from solutions reduced with
sodium hypophosphite. The principle advantagés of these
solutions over those reduced wiéh boron compounds or
hydrazide are lower cost, greater ease of control, and
better corrosion resistance of the deposit.

The theoxry of action is thought to be that in
.the presence of a catalytic surface and sufficient
enerqgy, hypophosphite jons are oxidized to
orthophosphite. A portion of the hydrogen given off is

5]



supplies the el ectrons needed to reduce ionic nickel to netallic nickel.
Wien a salt, such as nickel sulfate, is dissolved in water, the cation

(ni ckel) separates fromthe anion (sulfate) to formionic nickel. Chem cal
reduction is the lowering of the electrical charge of an ion. Because
nmetal s have no charge the reducing agent in an electrol ess nickel solution
nmust reduce the nmetal to a zero val ence. A Tmber of different reducing
agents have been sed to,.fornul ate el ectral ess |cke t hese
are sodi um hypopHRFTF e ?ﬁﬁ?\eh) Yt §4iSTh ﬁﬁFohygﬁlggl gﬁd dr azi ne.
These baths are d@@nfa¢mxbfrth¢mcduﬂﬂyam ng paeagredgioscedThy trheoabsprikd,

el ectroless nickelc &i al 's»sﬁﬁﬁt%a%g 90' %9@ el %L».oaﬁsorbed
reduced-w t h sodi um hypophos |te rinci dvant ages of these
sol utions over tHHEEIRMFRAYGFEH aodi“@ﬂrlcGﬁ‘ﬁ’b‘ﬁﬁd@fthﬁyHV&?P&@S&?létleoﬂér

gost gre% er ﬁaS&@f?My&c s’:LfinhaQ%t (3> wﬁ@éwsﬁ%rb&?ﬂsﬁaﬁgeaﬁﬁ thef

eposi t e theory of action js t that .in the sence of a
catal ytic surfac@%?ﬁ?%‘ﬂﬁ‘ﬁ Ci édfﬂ teﬁ%]%?} &P}’B8BH8§ hllkg PSﬁfgﬁg 16xi di zed to
ort hophosphite. Agakytoicalfly ecididedgér grtbopbbEphdte agsgrbedusnto the
catal ytic surfacg,, i fHdéﬂth%%&ﬁ@C%fOEhEh@eBQEQEX6h b% hQéRe&eQHﬁed by

t he absorbed, active rogen.” SI nmul t aneously, sone_ of absor bed
hydr ogen reduces RRQIRIFTUpufbis l§h§hﬁyﬁéﬁﬁ856ﬁ|FEeaQOVthgéFéF?FVCOf

surface to water,elysldsd qiickild sphespbasus. Thpstadlyt heibgpenhespbihke
present 1s weight of sodium hypophosphite is required to reduce on
&eight equivalent of nickel.

Genexrally, hypophosphite reduced electroless
nickel plating solutions are useful in the invention are
those which contain nickel sulfate, sodium

hypophosphate, lead, and thiroyurea.

B. The Disk or Substrate

Any number of nonmetallic substrates may be
used in accordance with the invention which will provide
the intended function. In a creation of hard disks or
data memory or storage, generally, nommetallic
compositions which are nonpolymeric may be used such as
carbides, nitrates, oxides, and phosphides or mixtures
thereof. Nonmetallic compositions which may be used in
particular include compositions such as silicon carbide,
sapphire, titanium nitride, boron carbide, boron
nitrate, carbon, silicon nitride, and the like.
Additionally, and in accordance with a more preferred
aspect of the invention, the nonmetallic substrate may
be glass, ceramic, and mixtures thereof.

Glass is generally a silicate material having
a structure of silicon and oxygen where the silicon atom

is tetrahedrally coordinated to surrounding oxygen



tatal ytically oxidized to orthophosphite and gaseous hydrogen independently
of the deposition of nickel and phosphorus. This is the cause of the | ow
efficiency of electroless nickel solutions. Typically, five tines the

wei ght of sodi um hypophosphite is required to reduce on wei ght equival ent
of nickel. Generally, hypophosphite reduced el ectrol ess nickel plating
solutions are useful in the invention are tHigse whi ch contain nickel

sul fate, sodi um hypophosphate, |ead, and thiroyurea, B. The Di sk or
Substrate Any nurdme mspiaumier; ofyupshest BITRE}2HE BI¥IPPnugEof@ance

with the inventi Ofb:bmngamsm Idud aw %rbheokﬂaéodedlfiuﬁﬁt bﬁﬁldel ngérﬁzéﬁ&!hhzon
of hard disks or ‘%%FE or storagebsgenerall n

conposi tions whlc‘?iK I?W%FF% ‘s &F* Chp k ﬁuanXlﬁFfrates,
oxi des, and phos prezedivr qnxdﬁur@sSBnepegkldNonﬁBtaMPny 9§W§95|znansnmhmch

may be used in pagiigfdl 3616&?&]&@%x€%@°§&hb°8§1&80hléédsbkb.aen s@ﬁmﬁam
sapphire, tltanlun1n|tr|de, bor on _car bi de, bor on nlﬁrate car silicon

nitride, and the ¥¥ide. ;ﬁﬂﬂrﬁﬁﬂh&FPﬁe'aﬁﬁrVﬁ aERoPYAAte ﬁﬂfﬁoﬁlﬁﬁrQXIde'
preferred aspect ®fduiifn ioRile,i eeanthemnorigeal LantRahahr akedanyyberghass,

ceram c, and m xture ereof.. 34 ass ene Lly. mageria
havi ng a structuréub sﬁﬁ%uﬂ%%gﬁd g% genrcrl gethéggi #céﬁgg bn#ngrlum

tetrahedral ly coomxﬁd&ue&¢aﬁoqudeoumdgngsmuygeN1de, 1sthivonexiday heatler
of other nateriahﬁcﬂﬁ% QﬁmH?%&iHQ, barium oxide, calcium oxide,
strontium oxide, cadmium oxide, sodium oxide, cadmium
oxide, potassium oxide, rubidium oxide, wmercury oxide,
and cesium oxide.

In the creation of a hard disk comprised of a
glass substrate, the glass must generally be processed
by cleaning or a hot caustic etch followed by the
application of an inner layer £ilm. Subseéquently, the
glass must be treated to ensure that it is catalytic
before nickel plating.

In turn, glass/ceramic nonmetallic materials
may be treated similarly. -Glass/ceramic disks or
substrate may be obtained from Corning Corporation under
the tradenames Flint®, Memcor and Memcor II®. These
materials tend to be silica-based glasses with oxides
such as titanium dioxide, zirconium dioxide, and the
like. Any oxide may be used which is not soluble in
glass and will crystallize when the glass is fired.

In these instances, a hard data memory or
storage disk may be obtained by slicing a blank, edging
that blank and then lapping the blank to the desired
flatness and thickness. 'Generally, the thickness of the
disk or blank will be about 0.615 mil.

In turn, glass/céramics generally result from

the melt formation of glass and ceramic materials by a



form gl ass such as boron oxide, silicon oxide, germani um oxide, alum num
oxi de, boron oxi de, phosphorus oxi de, vanadi um oxi de, arsenic oxide,

anti nony oxide, zirconium oxide, titani.um oxide, zinc oxide, |ead oxide,
éluninun1oxide, t hori um oxi de, beryllium oxide, zirconium oxide, cadm um
oxi de, scandi um oxi de, |anthanum oxide, yttrium oxide, tin oxide, gallium
oxi de, indium oxide, thorium oxide, |ead oxi-gdes- magnesi um oxi de, |ithium
oxi de, | ead oxide, zinc oxide, bariumoxide, calciumoxide, strontium

oxi de, cadniunloxbwmyesadbmaﬂogﬂdss madufaatoxidg, tpohasgiem oxi de,

rubi di um oxi de, g;u%lﬂ&teﬂg ﬁséﬁyﬁgél dee hBatherengali pg of a hard

di sk conpri sed of SS su rate ass nust generally be processed
by cleaning or a ﬁé?n§59§ﬁléhéﬂcHnFBIfbﬂﬁdgﬁ?lPhérﬁﬁ PFE&P?oﬁaB?rhﬂ Fhner
layer film Subseqypithi, glhesgtasamitst abe, t £6at eﬁahplensm@abai: 6118

materials may be CPONEAERS REPS: 147 EE Y Co M e T S5t ey be
obt ai ned from Cor $iQg; Cbnpbxlan|M1kmtﬁ,h@%0a§§m@mesﬁﬁw¢dumemmm &nd
Menmcor 11 . Thesesgqh@_&bﬁl Sah8Rdsk0 BEoSi |4 B RARRMD | R9SRE MWkt 1 des

such as titanium di oxid zi rconi um di oxi de, and the |ike. Any. oxi de may be

used which is not T8&f461 glpm' off RROUIRERG IqoMsstc%{ll‘}trlféiMM]t%'gPé’é‘s
fired. In these i ash@gpeﬁTs;aod\ﬁﬁéixeslaic?cdrmmrue omWo@sﬁhmySanel

o e Y S £ DBgRaldn webSkNe L 02 gELRRK 20Tl 0e0 ) 20RO L DR AT

or blank will be sbdad €c8uSienl.Sif, it woinedl adigrdrlaf c enptmtridid y Massul t

from Si0,; fluorphlogopite solid solution, KMg,AlSi,0,,F,;
mullite, 3Al1,0,-28i0,; and, (Ba,Sr,Pb)Nb,0;,. Given the
crystal structure present in the glass/ceramic
composition, the caustic etch is optional. Processing
may be initiated by the application of the inner layer
followed by catalytic treatment of disk or substrate and
nickel phosphorus plating.

! If the data storage or memory disk is made
from a nonmetallic ceramic material, additiomnal
processing variables may be considered. Ceramics are
generally comprised of aluminum oxides such as alumina,
silicon oxides, zircomium oxides such as zirconia or
mixtures thereof. Typical ceramic compositions include
aluminum silicate; bismuth calcium strontium copper
oxide; cordierite; feldspar; ferrite; lead acetate
trihydrate; lead lanthanum zirconate titanate; lead
magnesium niobate (PMN); lead zinc niobate {P2ZN); lead
zirconate titanate; manganese ferxrite; mullite; nickel
ferrite; strontium hexaferrite; thallium calcium barium
copper oxide; triaxial porcelain; yttrium barium copper
oxide; yttrium i;on oxide; yttrium garnet; and zinc

ferrite. Commodity ceramics are available from Coors as



the melt formation of glass and ceramic materials by a -17- conventi onal
gl ass manuf acturing techni ques. Subsequently, the materials are heat
treated to transformtheminto fine-grain crystalline materials. Typical
gl ass/ceram cs are, for exanple, [err]-quartz solid solution, [err] [err]
lithiummnetasilicate, [err] [err] lithiumdisilicate, [err]
[err]-spodunene sol ution; anatase, [err] [etriB=spodunene solid solution;
rutile [err] [err]-spodunene solid solution; mullite, [err] [err]
[err]-spodunene ceRdeeépFEEOniergratyitatieriak @s mMplls AF feyocea gndquart z;
quartz, e[rr] [ertiofURbLEoROLE Oz s0kariON, [err] spinel, [err] enstatite,
MyO- [err] fluorphlogopite solid solqi'pn rI%;arr gﬁ{lite,. err nd, .
(Ba, Sr,Pb)[err]. Gven the i??s?ﬁysgﬁ i&ﬂéj s &t G5+ éﬁg Ser&ni ¢
conposi tion, the tahstestepitsi stojplommintiodessibey swefage iofi tthet ed by
the application Oéla&g@-éi‘“erx aﬁ'sefp&f%éﬁaﬁ% l}gaa%a%' pit el TNtk di sk
or substrate and nic e?_' phosphor us %ﬁatl ng. It the data storage or menory
disk i s made fronFarABRAETAFETEALRIEMN 1SRt FACOTEAHCS Sitah gP@tessing
vari abl es may be £epshEL6RIcorESF P88 St Qi) QREigRlr Y he@Br it3e @ 00midiremsnum
oxi des such as al um na $I I Ibﬁ %(éde | reqni #m oxi des sugi,g1 a%%#(rcom a
or nixtures theredfS BYPrEEtoeriT (ﬂ]r%os}it'o s TFREFPOTe alt i or
silicate; bisnuthschscrame stayprite wsiicepheredgpeadde lappedi, eantle r1kahedsdpar ,
ferrite; lead acepple hLfWgdl & JGad{AUNRAWD 7k 6pRALALNT bABRLAI nLead
upon the level of porosity within the ceramic material.
Further, the formation of an inner layer may be also
optional depending upon the porosity and characteristics
of the material as with alumina.

To create a data storage or a memory disk in
accordance with the invention, a catalytic metal should
be applied to the disk in accordance with the invention
and a nickel phosphorus layer should then be plated onto
the 'nonmetallic disk.

Referring now to the drawings, and more
particularly to Figs. 1 and 2, there is shown a data
storage system 20 with the cover 23 removed from the
base 22 of the housing 21. The data storage system 20
typically includes one or more rigid data storage disks
24 which are stacked coaxially in a tandem spaced
relationship, and rotate about a spindle motor 26 at a
relatively high rate of rotation. Each disk 24 is
typically formatted to include a plurality of spaced
concentric tracks 50, with each track being partitioned
into a series of sectors 52 which, in turn, are further
divided into individual information fields. One or more
of the disks 24 may alternatively be formatted to

include a spiralled track Eonfiguration.



nragnesi um ni obate (PMN); |ead zinc niobate (PZN); |ead zirconate titanate;
manganese ferrite; mullite; nickel ferrite; strontiumhexaferrite; thallium
cal cium bari um copper oxide; triaxial porcelain; yttriumbarium copper
oxide; yttriumiron oxide; yttriumgarnet; and zinc ferrite. Commodity
ceram cs are available from Coors as -18- an electronic grate materi al

as well as Kryocera and from Norton as zircenga. The crystalline nature of
ceramic results in inherent pits (triple points) in the surface of the
material. It is preferabl e Ahaactimmtgar t30itzeiicaiys tingdrassc aimlem'aaliayf or

use in accordanceohl tBebBfeL VSN Ak CHMIEE ! Skl laldiCha k80 A ok0 20

m crons and preferably from about m crons te may

be sliced, edged, °P§pB§dm°§ﬁth?%ﬁﬁﬂﬁfz“?PbéﬁﬁeﬁtLﬂFth&ddaé§t?§S@W€ﬂaﬁ§ i s
opt i onal dependl nN@oupeadt be &evedd Qfea’kormlfb}t \Mefahlllﬁhgt hedcerdfiagnat eri al .

Further, the formati nner . | end|
Lpon the porosi ty araPeAL o8 4 G 6 e oREenraroBE AiBksnRln nindr,
create a data stoségéenrbadymﬁﬁnas(n¥§¢qailacd@sdgneé wist hnt herbdyeation, a
catal ytic metal shou} i o Ahe gl 'skeéiaﬂsa%g&d%csfgﬂ bl the

I nvention and a nlcke?nphosp orus, | ayer s ont o
t hei nonmet al | i ¢ dFYkfagef ek rihgy Mok 24 eFe GﬁaﬂPESSOfaﬁHlﬁéﬂé peEercafarly

to Figs. 1 and 2, rbbetfohSisdueuses daind shasagethysteanauski-hatthgocover 23
removed fromthe hover above the disk 24 on an air bearing or airflow
patterns produced by high-speed disk rotation. A
conformal lubricant may alternatively be disposed on the
disk surface 24 to reduce static and dynamic friction
between the slider body 35 and disk surface 24.

A typical data storage system includes one or
moxre data storége disks coaxially mounted on a hub of a
spindle motor. The spindle motor rotates the disks at
speeds typically on the order of several thousand
revolutions-per-mirdute. Digital information,
representing various types of data, is typically written
to and read from the data storage disks by one or moxre
transducers, or read/write heads, which are'mounﬁed to
an actuator and passed over the surface of the rapidly
rotating disks.

The actuator typically includes a plurality of
outwardly extending arms with one or more transducers
being mounted resiliently or rigidly on the extreme end
of the arms. The actuator arms are interleaved into and
out of the stack of rotating disks, typically by means
of a coil assembly mounted- to the actuator. The coil
assembly generally interacts with a permanent magnet
structure, and the application of current to the coil in
one polarity causes the actuator arms and transducers to
shift in one direction, while current of the opposite

-
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base 22 of the housing 21. The data storage system 20 typically includes
one-or nere rigid data storage disks 24 which are stacked coaxially in a

t andem spaced rel ationship, and rotate about a spindle notor 26 at a
relatively high rate of rotation. Each disk 24 is typically formatted to
include a plurality of spaced concentric tracks 50, wth each track being
partitioned into a series of sectors 52 whi-<do-in turn, are further divided
into individual information fields. One or nore of the disks 24 may
alternatively be polamitedcshifimndchedecauspprabrad apdckreostiugerst ionan

-19- An actuator ﬁ&gyp&&a&ﬂ%g&gnqdes a plurality of interleaved actuator
arns 28, with each arm having one or nore transducer 27 and slider body 35

assenbl i es mounted to a | odd FedaPisafodigabaltng2hRdShPFEeRgSYFEEMmation to
and fromthe dataasdDrayeli=sks 24orédeial tHer £befly oB5mhgnkypiccal |y
designed as an aerodynamic lifting body that |ift he transducer 27 .of f of
the surface of th r%ﬁéé%ﬁﬂ?%ﬁfﬁ;ﬁégFg SgoPQsﬁPﬁaFeéﬁ%For0385%g¥aFP8ﬁed

i ncreases, and catrrsks ronprasdage she23urbanevef tbheveaghetdiegkledrpgidn

air bearing or aidid Oveditddge RS sR50duead E_i‘aEkQha§Ee§Qn€£§;KleH§HrRQQd A
conformal |ubricant ma alternatlv%Iy be di sposed on the disk surfagce 24 to
reduce static and®¥yhahiRIYTEYoRthELGERRSt hE1ER| BBFIHEAGTESE SATPYLEANT

surface 24. A typ ctlaistat oStioifagRatyshefiéDésUudesn@nef oth8viRfdahat 5681 age

di sks coaxial Iy mpunted on 30,90 83pLAgL&a "PLE" e IPEngPhREL HRIPL
other fields contain sector identification and
synchronization information, for.example. Data is
transferred to, and retrieved from, specified track and
sector locations by the transducers being shifted from
track to track, typically under the contrxol of a
controller. The transducexr assembly typically includes
a read element and a write element. Other transducer
assembly configurations incorporate a single transducer
element used to write data to the 'disks and read data
from the disks. .

Writing'data to a data étorage disk generally
involves passing a current through the write element of
the transducer éssembly to produce magnetic lines of
flux which magnetize a specific location of the disk
surface. Reading data from a specified disk location is

-tyﬁically accomplished by a read element of the
transducer assembly sensing the magnetic field oxr flux
lines emanating fxrom the magnetized locations of the
disk. As the read element passes over the rotating disk
surface, the interaction between the read element and
the magnetized locations oh the disk surface results in
the production of electrical signals in the read
element. The electrical signals correspond to

transitions in the magnetic field.



-Speeds typically on the order of several thousand revol utions-per-m nute.
Digital i-nformation, representing various types of data, is typically
witten to and read fromthe data storage di sks by one or nore transducers,
or read/wite heads, which are nounted to an actuator and passed over the
surface of the rapidly rotating disks. The actuator typically includes a
plurality of outwardly extending arnms with ome-or nore transducers being
nounted resiliently or rigidly on the extreme end of the arns. The actuator
arnms are interleaved into and out of Wa ating di sks, typically

b i | bl
y neans of a coil asse yTHQU@ngo%Qn;B%nf&étﬁgl%%cﬁﬂrgﬂégngﬁ%e apgtl | C¥}|0n

generally interacts with_a pernmanent

of current to thedeoRPti hiBhe pebarinyenteipfes the actuator arns and

transducers to shift in one direction, while current of the opposite

-20- polarity shifts the a ator arns and transdu posite

direction. In a typical di g‘%# 7S TR FES 2?& L?rﬂe gzlgtoae ’dgt%r‘f"‘éeg'fored

in the formof maghetwmaltshoskt i dftse qylass ss eliisés @frecmmm@nmmedclmsel y

spaced tracks Conﬁaaaﬁ'iaaat,k@ﬁéﬁgé&?ed&dlé 110G 1230108 <! ;rahda@ah%o%wage
I VI

di sks. The tracks are gener Into a uraltyo sectors, w'th
each sector conprfSPh d j inesledatiinge Pilé‘[td-él Sistyre pad

i nformation fiel dﬁeaseaym caicwcdes:n"igilati@ksf QfreS tthiinN@piakad wiikhe ot her

fields contain segtor L ANt LIS &%) /pdoac (.4%) /in

dichloromethane. The disks are then cooled to room

temperature. Sensitizing the disks is undertaken in
SnCl2 5% solution. The glass disks are then strike
plated in standaxrd electroless bath to 0.3 wmicron. The
glass disks are then plate as normal on disk plating
line. The glass disks are then polished as usual
including superfinish.

§

Working Example 2

Disks using glass/ceramic materials are
prepared in accordance with the method of the invention

using the processing of Example 1.

Working Example 3

Ceramic alumina disks are prepared by
preheating the disks to 250°C to prevent thermal shock.
The disks are then etched in NaOH/KOH molten eutectic 5§
min at 250°C. The disks are then cooled, rinsed and
loaded into plating fixture and heated to 350°C. The
disks are then sprayed with Zirconium Isopropoxide
{(10%) /PAOAc (.1%)/in dichloromethane and cooled to room
temperature. The disks are sensitized in SnCl2 5%
solution and subjected to;é strike piate in standard
electroless bath to 0.3 micron. The disks are then



synchrioni zation infornmation, for exanple. Data is transferred to, and
retrieved from specified track and sector |ocations by the transducers
being shifted fromtrack to track, typically under the control of a
controller. The transducer assenbly typically includes a read el enent and a
wite elenment. OQther transducer assenbly configurations incorporate a
single transducer elenent used to wite dataz30 the di sks and read data
fromthe disks. Witing data to a data storage di sk generally invol ves

passi ng a current pilatedghst hermalt en edlfskendlafirddhd imearsdigen iaheenialsy to
produce magnetic | i netize a specific location of the
di sk surface. Reaglggllgidg{“gi ggﬁ%ﬁég%%%? |les(.‘P‘di sk location is typically
acconplished by a read el enment of the transducer assenbly sensing the
magnetic field or flux |lines emanati Rgh Ao ERampagngti zed | ocati ons of the
disk. As the read el enent passes pver, the rotating disk surface, the

i nteraction between the reaf*EFRRthtILTHF AT REGRECCTed™ GCSLFEIRECEN WikE

di sk surface resuths mathbé of odhetimremficel estingC@hespgbakssi bt Werkead

el enent. The el ec%gﬁ leSkgnals correspond to transitions in the nagnetic
field. -21- \Wor g%xa' | es The follow ng exanples further illustrate,
but do not linmit, the i nvegﬁl%rﬁbfe‘sr%s%istﬂuﬂﬁéoar’ eeprepdgseantdoerbofidmehCst o

prevent thermal shothstFiee Jb@s SoethSdtit YnBletrB@AnBLE GREEFI Bhe invention.

However, since many variations of the invention can be

made without departing from the spirit and scope of the
invention, the invention resides wholly in the claims
hereafter appended.

»¥



Nad—l/ KOH nol ten eutectic solution for 0.5 nin at 250[err]C, cool ed, rinsed

and toaded into plating fixture and heated to 310[err]C. The disks are then

sprayed with Zirconium | sopropoxide (4% /PdOAc (.4%/in di hI or onet hane

The disks are then cooled to roomtenperature. Sensitizin faced

undertaken in SnCl2 5% sol ution. The gl ass disks are then

standard el ectroless bath to 0.3 mcron. Thesglass disks ar

normal on disk plating line. The glass di sks are then poli shed as usual

i ncl udi ng superfinish. Wrking Exapl e 2 D skarmMsi ng gl ass/ceramc materials

are prepared in a 1 “of the invention using the

processi ng of Exa?r%oé:q%&%rkl 1 gﬁgﬂnﬁegg Cerami c alum na di sks are

prepared by preheating the &i sksAtmer@tﬂeCPﬁ |8 atwing evermnudtsxIidalc shock. The

di sks are then et @ﬁ%t&'&t@a@ém&@ﬁé&%&fxﬂﬁgu&{ THE LY err] C The
a

di sks are then cooled, rinsed and | oaded into p |ng flxture and heated to
350[err] C. The disks are th ﬁ spRERRT W ih 24 ABRTAN SSRBKEaEilm on
(10% / PdQAc (.1%/in dichloronetsabé suksktaealeed to room tenperature. The

di sks are sensitized in [err 5(Vsolut|ona. bj ected to a .stri l.at e
in standard el ectrol ess bat YSL BT Iéqor?l#r?é#’(ﬁsﬁg‘ 5’%1 gﬁi‘g
plated as nornal on disk plati ngd¢ﬂ>¢elt:md; poldagtadgtas maﬁr&lruariclarmtrmg
super fini sh. said film to make said film catalytic;

and

(c) forming an outer plate on said catalytic

adhesion enhancing film.

2. The method of claim 1 wherein said
adhesion enhancing film results from application of one
or more reactive precursor compounds, said precursor
compounds selected from the group comnsisting of a
zirconium compound, a titanium compound, a niobium
compound, a vanadium compound, a silicon compound, an

aluminum compound, a tin compound and mixtures thereof.

3. The method of claim 1 wherein said
adhesion enhancing film results from application of one
or more reactive precursor compounds, said precursor
compounds selected from a zirconium alkoxides and
partial alkoxides, a titanium alkoxides and partial
alkoxides, a silicon alkoxides and partial alkoxides,

and mixtures thereof.

4. The method of claim 1 wherein said
adhesion enhancing fiber has a thickness ranging from
about 0.01 gm to 10 um.

L) )



Working Exanple 4 Zirconia disks are prepared in accordance with the method
of "the. invention using the process of Wrking Exanple 3. '!Whﬁmablas/meenkfﬁiiced

di scussi on, exanples and enbodi nments illustrate our curre g
of the invention. However, since many variations of the
made wi thout departing fromthe spirit and scope of the invention, the

invention resides wholly in the clains hereabter appended. 23 CLAIMS 1.
A nmethod of plating a nonnmetallic substrate, said nethod conprising the

steps of: (a) depositing a BrecUfROImEOROSHE i ARt artataytdLidqmat eri al

onto said nonnetal Lic substrste .wWherein said precursor conposition is

capabl e of forni n§EfFSAGReSTOR CHRANTYY 1T rﬁ%?ﬁ) formation said

adhesi ve enhancing filmis rable beating isaly sbstiatialta i temratiyre b)

form ng a catal ytic adhesion enhﬁgﬁg{%ff‘]}% %J{p‘ftﬂwcagg g86epnosiLRY said
n P

precursor conposition; and ngl' for an outer ate on said catalytic
h

adhesi on enhancing film 2. SPRPFART T | IATROSE IR ST K PHdHesi on

enhancing filmresults from applpeasderdedforite e MHEAG I Ve precursor
conpounds, said precursor conpounds selected fromthe group consisting of a
zi rconi um conpound, a titanium conmpound, a ni obi um conpound, a vanadi um
conpound, a silicon conpounél, anThé umethod cohpolaids la wharedonpeud and

m xt ures thereof. sgﬂsg ?ger@g hg{ldgfcégﬁ};(%icl ML I 5714 adhes] Y o

enhancing filmresu rom applicat]on of one or nore reactive precursor
conpounds, said pFeBdrsbive ndB2 x| ke FFTRIH A Bc SANERA RS des and

partial al koxi deScoﬁfbhhﬂnbelIE@ié@XfﬂﬁrS 1yl gaRidp dordikedsindest & silicon

al koxi des and parééi‘ a kﬁ%xégrﬁﬁéur?@,d amp>&t r.es_t hereof

atinum compound, a gold
compound, a silver compound, a nickel compound, an iron
compound, a zinc compound, a cobalt compound, and

mixtures thereof.

7. The method of claim 6 wherein the
adhesion enhancing film and the catalytic material are
applied to the substrate simultaneously, said catalytic
material formed from a reactive conductive precursor
comprising palladium acetate, said adhesion enhancing
film formed from a reactive adhesion enhancing pfecursor

comprising zirconium propoxide.

8. The method of claim 1 wherein said
substrate is treated with an acidic or caustic etchant
prior to forming said adhesion enhancing film on said

substrate.

9. The wmethod of claim 1 wherein said
substrate comprises a material selected from the group
consisting of a ceramic, a glass, a glass/ceramic, a
carbide compound, a nitride compound, an oxide compound,
a phosphide compound, and mixtures thereof. -

%

-

e



4. The method of claim 1 wherein said adhesion enhancing filmhas a

t hi'ckness ranging fromabout 0.01 [err]mto 10 [err]m ShisSiEkdianBech Beplaged
claim1 wherein said adhesi on enhancing filmis applied i

Said substrate to a tenperature ranging from about 200][er |
and *C L N S 24 (b) depositing a conposition of zirconium propoxide
onto the substrate. 6. The nethod of claimi_wherein said adhesive
enhancing filmis nmade catalytic through application of a conductive film
sai d conductive film conprigingTReCREEHEEI ¥E EDADAUNwiseted ashid om t he
group consisting o | I adi um.conpound, a tinum.coppound, a |.d
conpound, a sil vgﬁégﬁggﬁnﬁ?mgrﬁfsﬁe? %%?ﬁ%%ﬁ%%,ﬁ%n J|‘sr}f)n c%r}‘pso%nlcf qgatza} nc
conpound, a cobalstozegpoand, retdieval udevicdereof. 7. The nethod of claim
6 wherein the adhesion enhancing filmand the catalytic material are
applied to the substrate sinultapeously, .said catalytic material, fornmed
froma reactive conductivelpr ecEP%o?eE%%r?gi?lbaH&I¥%df HetspiE  sai d
adhesi on enhanci agnikekalildengdiskr oompri eeSta ira ttehiios] oie rdtant | fxgap redr sor
conprising zirconiumpropoxide. 8 . The, nethod of claim_l erein said
cUbetrate’is i roaraurhrPReaRERET L BroMRY 1S Srretai DS P ng
sai d adhesi on enthezen§-fil mon said substrate. 9. The method of claim1
wherein said substrate conprises a naterial selected fromthe group
consisting of a ceramc, a glass, a glass/ceramc,. a carbide conpound, a
nitride conpound, an oxi deléonpbubteted pRRpietRl Lt rthRErahes madur es
thereof. 10. Thesokthedtef cehprisingherei n said substrate conprises a
nonnmetal lic disk for use i ata_sto i ev, i.ce. 11. The
met hod of claim 10 wherei n?ggi dgrrlloinr?r% aﬁ%g‘ged‘ir%ﬂc%n%?%ggatae’mt erial

sel ected fromthe group cofBl stingadtesion grhancing il and ni xtures

thereof. 12. A plated, nonnpgfalligatabet{Atfatsai £ YPdd it R IsHiR0:

adhesion enhancing film;

(d} an outer plate deposited over said
adhesion enhancing film.

13. The substrate of claim 12 wherein said
inner substrate comprises a material selected from the
group consisting of a ceramic, a glass, a glass/ceramic,
a carbide compound, a nitride compound, an oxide

compound, a phosphide compound, and mixtures thereof.

14. The substrate of claim 12 wherein said
plated, substrate comprises a rigid disk for use in data
storage and retrieval device.

15. The substrate of claim 14 wherein said

rigid disk comprises a material selected from the group
consisting of a glass, a ceramic, and mixtures thereof.

I



"QS,ﬁ("a)“ an inner nonnetallic substrate; (b) an adhesion enhancing film (c)
a catalytic material deposited over said adhesion em\tsa‘.h@t Bkenl laded

maki ng sai d adhesi on enhancing filmcatalytic; and ( ate
deposited over said adhesion enhancing film 13. The cI aim 12
wherein said inner substrate conprises a material se ec romthe gr oup
consisting of a ceramic, a glass, a glass/caeeanic, a carbl de conpound, a
nitride compound, an oxi de corrpound, a phosphi de corrpound, and m xtures

t hereof. 14. The substrate 1&. cThenstBsthatei of saladipl B2 edheseintsated
conprises a rigi ﬂxéé&&p J:%%clﬂgdﬂﬁmsi:é?é@ﬂ@saf'ﬂoxﬁeiﬁ;bfz‘!@étij&!{'&P ore-

The substrate of claim1 herein-sald rigid sk rlses a materi al
sel ected from t hYriys %tgffpngrspugsgq:aggmp%u%%? arﬁ%l I TSI es
thereof. 16. The sumgsiuraise sefleckatnEidmvbke egrowgi corethetsizon ehhancing film

results from appli catl an, of é’%f) 85 ngr&{ggf&hvgoség&%soa( Igi)cgg)x)unds said
r

precursor conpourdds Select & om t hé cons f<a zirconi um
conpound, a t|tamqmpcumﬁ)o@n&anadmumbﬁgm@m@m@cslhlmmmumimmmd a

silicon conpound,, aldama&agbgaapoané Bc PGP th AR X S o f
thereof. 17. The substrate of claim 1211\7\Ihere3:;b sai d adhesion enhaeﬁlcs:elong film

results from application of one or nore reactive precursor conpounds, said
precursor conpounds, selectied fram suBsteane Ut ad ke de2 whe&aeriti aaid

al koxi de, a ti tam m al koxi artial a ko de or
partial al koxide;® lr%nxteﬂlgggg ré%#‘m rgs'%%(iggroluﬁeapsﬂ]b Tare & cqréﬁ m 12
wher ei n sai d adhest mr@nbr&ﬂezltng'ef Precunson CIMRRUES, reaigh rlg:efmmﬁcabout
0.01 /[err] to 1Q:c{n&fcfu]nd%9se1taetéab§£&at£ S r&dRiuR 2 eI S ial

catalytic material_i's selected fromt roup consisting of a palladium
conpound, a pl at |%ﬁ’%&?poﬁn81tﬁnbﬁff‘daju6‘%’b’cégc?r é’as‘?':l’\?gr alkoxide, %

silicon alkoxide or partial alkoxide, and mixtures

thereof.

18. The substrate of claim 12 wherein said
adhesion enhancing film has a thickness ranging from
! about 0.01 gm to 10 pm.

19. The substrate of claim 12 wherein said
substrate is made catalytic through application of a
catalytic material, said catalytic material selected
from the group comnsisting of a palladium compound, a
platinum compound, a gold compound, a silver compound, a
nickel compound, an iron compound, a zinc compound, a

cobalt compound, and mixtures thereof.

20. The substrate of claim 12 wherein the
adhesion enhancing film and the catalytic material

comprise a single co-applied layer.

~
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fdoﬁﬁbdnd, a ni ckel conmpound, an iron compound, a zinc conpound, a cobal t
conpound, and mi xtures thereof. 20. The substrate of cl ai"m‘sSBeemharBeérrREhed

adhesion enhancing filmand the catalytic material conpris
co-applied layer. 21. A data storage and retrieval device,
device conprising a plated, nonnmetallic disk for data storage an

retrieval, said disk conprising: (a) an innef-nonnetallic substrate; (b)

an adhesi on enhancing film (c) a catalytic nmaterial deposited over said
adhesi on enhancing film (d1. a citer spbatgedepdsireedievel savdcagheaian

enhancing film th.ggi qﬁ¥3§?§‘3§dﬂf¥s@h 1 WagLRLR SAld E?Qﬁﬁi%“gigkakgr
conprises a material Selected fromthe groap consi $ting of -a ceramc, a
gl ass, a gl ass/ ceia Sterags finde xefspeund, &gapd rigddc Sagburempaasdrigde

conpound, a phosphi de conpowd, sandnfeXt ubatethbengef subdcriie ;devi ce of
claim 21 wherein said adhesj.qn enhancing filmresults_from application of

one or nore reactive precurSsdr §dons§P2BFaREr §6t™Compounds sel ect ed
fromthe group consisting ofcla a ratalyticonpoandaladepbantemh ogaporadd a

ni obi um conmpound, a vanadi um co W Ao8hhh&9RLC und, an al um num
conpound, a tin conpound and ni%?%k%go?hgééék.gﬂg ggﬁgﬂ. The devi ce of

clai m 21 wherein sai d adhesidn emheuEergPiatm AapcaitRACRNESSSRAAGI ng from

about 0.01 [err] to 10 [err] 25adhbeidavefRaptigharmadl wherein said,
catalytic material conprises a catalytic conpound selected fromthe group
conprising of a palladium conpound, a platinum conpound, a gold conmpound, a
silver compound, a nickel &e@npoldhe, damiceonfcohpdund]l wheraincsapdubfnea

cobal t conpound, §HB£€?3§é“H@Ep&E§E%OB'mateig§l selected from the group
consisting of a ceramic, a glass, a glass/ceramic, a
carbide compound, a nitride compound, an oxide compound,

a phosphide compound, and mixtures thereof.

23. The device of claim 21 wherein said
adhesion enhancing film results from application of one
or wore reactive precursor compounds, said precursor
compounds selected from the group consisting of a
zirconium compound, a titanium compound, a niobium
compound, a vanadium compound, a silicon compound, an

aluminum compound, a tin compound and mixtures thereof.

24. The device of claim 21 wherein said
adhesion enhancing film has a thickness ranging from

about 0.01 um to 10 um.

25. The device of claim 21 wherein said,
catalytic material comprises a catalytic compound
selected from the group comprising of a palladium
compound, a platinum compound, a gold compound, a silver
compound, a nickel compouné, an iron compound, a zinc
compound, a cobalt compound, and mixtures thereof.

[ —
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26. Y Fhe devi ce of claim21 wherein the adhesion enhancing filmand the
c:at‘a‘l-yt'i'c‘ mat eri al conprises a single co-applied | ayer.

r

-28~

26. The device of claim 21 wherein the
adhesion enhancing film and the catalytic material
comprises a single co-applied layer.

as Been Replaced
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