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invention relates to di sm“ storage devices, and in particular,
to the manufacture of gl ass u#é'eram c disks for use in disk drive data
st orage degosesess 10 BACKCROUND OF THE | NVENTI ON The |edwGB02M41b¢ of t he
twentieth century has been witness to a phenonenon known as the
information revolution. Wile the inflormation revolution is a historical
devel opnent broader in scope than any one event 15 or nachine, no single
device has cone to represent the information revolution nore than the
digital electronic capyirehrsniecrberss spelnss ok CERROMISUt er Syst ens has

surely been a revol %dfsQE'usE?‘EE' D¥6RbrIvEOSHRN RbrAcE VS8 Qr OW faster, store
nore data, and provide nore applications-to their users. 20 The extensive

data storage needs of nodern conmputer systens require |arge capacity nass

dat a st orexger QB\IHEAVENEEYN e vari ous data storage technol ogies are

avgj lable, the rotating magnetic rigid disk drive has becone by far the

nost ubi qui t OYfe psukehe AntlintkondEdivMeesded aist arirgalate stomg@Sevirean extrenel y

conpl ex pigce of RGO NEL Ve GONALRN-BBEPEIREE D QorariBCKY €6t upalhS,

ul t ra-srroad‘t h dfsﬁ< surf'aces, hligh-den3| ty magnetically encoded data, and

sophi st i cHEk frare8PoHi%FE% 87 &Hcodi ng/ decodi ng data, and control |ing

drive operation. Each disk drive is therefore a mniature world unto

| tsel f, CEACREROMNINQF ITHE (INYHNEI®N, St ens and subsystem each one of 30 which is

needed for proper drive operation. Despite this conplexity, rotating

nmagnetic di sk ¢lf i)yes-haie & MHeOMRALIe€E @etkudf Haapaet wytnespapfoor mnce and

cost which nake t%&g}iﬁ\?&ﬁé U AYE dSY ik &R1A 18 N0iNa8e flie 1aformatige variety of
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appl i cat i BIFSo"38" ve tynical o L6 disks attached
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havi ng a oremtvies: Bpeiraledevife PR FaF® 1Bt & F s recorded on the flat
surfaces reblitien gibsk thassthel dgital elechrosiesempupen.r Jhe AFKSREREY i s
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The extensive data storage needs of modern computer systems Fequlre
large capacity mass data storage devices. While various data storage
technologies are available, the rotating magnetic rigid disk drive has
become by far the most ubiquitous. Such a disk drive data storage device
- 25 is an extremely complex piece of machinery, containing precision
: mechanical parts, ultra-smooth disk surfaces, high-density magmetically
'f'3 .encoded data, and sophisticated electromics for encoding/decoding data,
h and controlling drive operation. Each disk drive i1s therefore a miniature
world unto itself, containing multiple systems and subsystem, each one of
30 which is needed for proper drive operation. Despite this complexity,
rotating magnetic disk drives have a proven record of capacity,
performance and cost which make them the storage device of choice for a

large variety of applications.

35 A disk drive typically contains one or more disks attached to a
common rotating hub or spindle. Each disk is a thin, flat member having a
central éperture for the spindle. Data is recorded on the flat surfaces
of the disk, usually on both sides. A transducing head is positioned
adjacent the surface of the spinning disk to read and write data.

40 Increased density of data written on the disk surface requires that the
transduéer be positioned very close to the surface. Ideally, the disk
surface is both very flat and very smooth. Any surface roughness or

L
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transducer be positioned very close to the surface. Ideally, the disk
surface is both very flat and very snmooth. Any surface roughness on 31@ARVR
2006 ierren~ 13 MAR 2006 WO 03/ 024664 PCT/ GB02/ 04160 2 5 -wavi ness"
(deviation in the surface profile froman ideal plane) decrease the

abi lity ofobddmedss ansduci ng heads to maintain an i deal PGIVGROYPIE from the
recordi ng nmedi a, and consequently decrease the density at which data can
be stored on the disk. The disk is nAnufactured of a non-magnetic base
(substrate), which 1is coated with a magnetic coating for recording data on
the recording surfaces, and which may contain additional |ayers as well,
such- as @, R Clabviat il & thDahifage prbfdlotianhy Ydead| RAFHUAPFER heen t he
mat eri al ‘éza%glel hQie 6o f QL nddlEi g URSES Ab Graishaisi@si igRals pohbdecEitamons have

become nore ndl Lt 1s Jpereasingbysedide ddndidy &0 whBAtasdthem usi ng
al um numtreAgeerF gr'éec%g%’t a?%ﬁ?"sset er%shas been considerabl e interest in

ot her matcer bg|asoredspoEhs Btdi'|y gl ass. G ass or ceramic materials are
potentially superior to alumnumin several respects, and off er t he
potential to fRetidt phemutstdesi ofn 2asysaciaanetaf g (EIPSERESH (P8 one of the
maj or dr qubackss bt Rasseidbodias oo reedingi drtdiwkthestasstdd¥es i s the cost
of their uf act uc{ﬁhic A9 ScohBaif WdaBlohdl UHREs ian wesDmBuatomsTer ci al  di sk
drive desTgis " 'afthou energlslt 130113, N1G0EIn 325 beer?@nd Ratercanvent i onal

al umi numPrPYReEIEY PHEERISYTIASs di'sk nanuf aGtUring pracess, ke gl ass base
metoer i al dhgidenfari B gRPbIATRD Ph APHEA BPASS hects. - Miltiple glass disks
are then auindingmia isHecteasipgdy GLEEOMTFRRETAFPBdYe%e 2576 11'n| shed, which
typi cal | Vil fspdht gSardlttei@hes preT egmidireble integessy a‘fherf'waé?ria%‘i'a recordi ng
surfaces ape diBany|Apped digsd oduemmiawianessls ariP@BnpollsARI*1Y a snmoot h
finish, oi ch W@l}c‘@ M BB LS ek sMirlai gHzer RhO @esRtit epseetThighef ass
substrat e t fius ored Jjs then coatad with a magnetic recording |ayer, and
madf be coXELHF RIAESERST |'ayers such as a protective layer. 30 The initial

cutting of glass disks fromthe sheets produces rough el zeynferential
edges at bot h oeaefoectieh skavkagd thit hes f’gr?e?ssedrge of - the .central
apert ur e. pEentéhasghe dasta of Shatt mmméeTtiEdt oft2Phde GFEelEitial edges,
t he edges idSlonbércidinushed-1ve dpiigus deltdoughegenerally at a higher cost
- 20 "than conventional aluminum. In a typical glass disk manufacturing

process, the glass base material is initially formed in thin glas? sheets.

Multiple glass disks are then cut from a sheet. The circumferential edges

are finished, which typically requires multiple process steps. The broad,

flat data recording surfaces are then lapped to reduce waviness, and

25 polished to a smooth finish, which again may require multiple process
' steps. The glass substrate thus formed ie then coated with a magnetic
) recording layer, and may be coated with other layers guch as a protect;vg
layer.
30 The initial cutting of glass disks from the sheets produces rough

circumferential edges at both the outer disk edge and the inner edge of
the central aperture. Even though data is not recorded on the |
circumferential edges, the edges must be finished to provide close
tolerénces and sufficient mechanical st;ength. Conventionally, finishing
-35 the edge involves multiple process steps. The edges are first ground with
a relatively coarse grinder to obtain a round disk within proper
dimensional tolerances, and subsequently polished. Finally, the disks are
subjected to a chemical strengthening process. Each of these steps adds
to the cost of the disk. Even so, glaes disks thus produced have certain
40 drawbacks. For example, the ions implanted during chemical strengthening .

can leach out under certain conditions, potentially causing device

failure.



tol erances and sufficient nechanical strength. Conventionally, fini sl‘?m}% 2006

35 the edge involves nmultiple process steps. The edges are first gr

with a relatively coarse grinder to obtai3n a round di sk w thin proper

di mensi onal tol erances, and subsequently polished. Finally, the disks are

subj ected to a ch mc strengt he t
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failure. 12t¥1 s s are c rren y significantly nore
expensi ve tdias diskswéfiet.i onal al um ni um di sks. Unless the cost of glass disk
manuf acture can be substantially reduced, it will be difficult to replace
alumniumwi th glass and realize the potential benefits that glass disks
of fer. SUMWSWMMARYaccordance with one or nore aspects of the present

[ nvention, Various hJHBFQIHES ige R GUeSdiOlashioN Dl he prosentiinvertiber outious

e o e o, B tiSania] ?%ﬁlf‘tﬁté FRAAL iRt Bt 1B on Skl didks,
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gener ati on e grin proces produce .an
essent i al | yadcometished-biyr grinding tha cdgesi in nbmtiucttlm snwb@a f@%‘lm fio RV e gepstatiahPhg

steps. Accoﬁgéttﬁ% dﬁrf’%h% réri ﬁ-{% FO08E Lan prédiRe RhRIQAtially Hattafd-fres surfiee evithdut

provi ded a acturing a di sk substrate for a rotating disk
drive data %m@p@cb@)rcﬁ@mﬁéeﬁms higrfbSsi ng t he steps of: providing a disk

substrate having gcgdralﬁ é arrast ds afécteﬁg@a prsénd dﬁhchisumutlferer stpovided agnathod

mat eri al fromthe set o stl

conbi nat i onfosf mgnyfaetubng ‘gﬁlgﬁns ﬁﬁageags Phd §% % @gtgﬁéﬁ%g%ﬁ&gd&

finishing apaaprdingtheategs of:i ndi ng sai d circunf erentl al edge of said di sk

substrate in a ductile é'(ﬂ% @9[6 t{af‘@hm‘;n Y &%&ﬂe@nﬁ%@dée‘ %hﬁhﬂl@ﬁ substrate
i Sk” substra

appar at us; V\:hEI’EIPIrgl te 1's finished, for aIIatlonlg
di sk drive being oft mrlagenaldévnbéhwsﬂheﬁtm%ﬁ@ﬁ &8P51§tir}geﬁ5t ﬁ nFTYCs A i sk

substrate. ﬁﬁ (;}%,ft fak aﬁ@g&@m@spect of the present disclosure, there is
provi ded a rranu act uri n? a ddrggl% bstr ate fsogmdal rotating disk
drive data stor ag@aé’élﬁlsé‘é 15 PSR ¢ WP ng a di sk
substrate having ?nﬁdlh shiﬂfdlfvuﬁifaﬁnﬁalrmgafoé‘rsani disk sebigeate émia uctjles grinding
substrate being o fi‘ h g%ﬁzﬂ&ﬁet of materials consisting of

gl ass, ceraffi ggﬁe using said nishin

wherein sa1d disk substrate is finished for installation in a disk drive data storage
device without chemical strengthening of said disk substrate.

According to a second aspect of the present disclosure, there is provided a
method for manufacturing a disk substrate for a rotating disk drive data storage device,
comprising the steps of:

providing a disk substrate having a cut, unfinished circumferential edge, said
disk substrate being of a material from the set of materials consisting of glass, ceramic,
and a combination of glass and ceramic, wherein said disk substrate material is not
chemically strengthenable; and

finishing said circumferential edge of said disk substrate to a finished state
suitable for use in a disk drive data storage apparatus using at least one edge finishing

apparatus.
According to a third aspect of the present disclosure, there is provided a method

for manufacturing a disk substrate for a rotating disk drive data storage device,

comprising the steps of:



and a conbi nation of glass and ceramc, wherein said disk substr

material is not chemcally strengthenable; and finishing said ?3 MAR 2006
eircunferential edge of said disk substrdte to a finished state suitable
for use in a disk drive data storage apparatus using at | east one edge

finishing apparatus, Accqrding t t.hi rd aspegt. . :
di scl osure, ther 81qvdipg &/aﬁgéugﬂf?& ﬁ%‘ngfao?‘ﬁngﬂﬁrﬁlglg{du%?ﬁl&wg&??gie%bg%lflat e
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3 MAR 2006 4 prcgv di ag a dfagk?.nzdtcl% trate having a cut, unfinished
ci rcunf e_reﬁ‘f‘iiél gretion of glasy fStrate being of a material _fromthe set
of materi ?I s condinishingy saifl greasiferentialagdge, of eaidl dislc spsmale 10 A fipishad gate;ng
ceramc; fini I [ j hslicdti
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flat disk surfaces, ich is preferably a full di [ [
or ovi des inﬁ?)‘?‘B\/‘éBeal"Bg? p y radi us. A radius disk edge

( stance to cracking or chipping., | [
the di sk edges arln omd embédiment; dhmermdmg delegl ;dggi}g?ge;d W?ngﬁiﬁcgi‘ ‘ﬁ?e;sir%gﬁé
di amond grindiag, @ﬂﬂg bf’si‘glgﬁferé}ﬁ%él élswges‘l WAHORE fREdiEk ShrEses priok isprtfetaplyia) full

mcrons in'srze, and subsequent |. round.in.the ducti. L. i
rel atively fadis. v radiusidisk edgp Rryles mprRYef gesisiEice %r@?k'ﬁér&’?%‘éﬂﬁ?‘ 'rr;rr}da
particles approxi paé@ ¥mbodiinehf ke Uitk widges arByintislly greunduwith lacrelasiyelirarouglye

Bt caent i BN PO iamaGS EFPABE dpRde, 148 GaRBAE e AE bR Riaicy 48 Hitgrons
pr ocesses a{rﬁ;iae,dmbsi_xbsmnﬂ:acmmdoin the duride resame UVl asieplivly; fiag Wﬂheg
where addit flgﬁlaolﬂg ogfggg&bg@éﬂcg’f}%:ﬂ] C lﬁlglbﬁd S%rﬁglgf glkaifr biéiﬁ@ﬂy?@nibi_‘ms prosipe.
necessary. Accor dBygisipg adustileregiame fglge igding process 1n accor%aﬂce%ﬂﬁ ﬂﬁ’pr@feﬁe@m
embodiment of the present invention, edge fractures caused by conventional edge
finishing processes are reduced. The reduction in edge fractures substantially increases
the mechanical strength of the disk substrate, to the point where additional process steps,
including chemical strengthening, are not necessary. Accordingly, the number of process
steps is reduced, reducing the cost of manufacture. Additionally, a disk substrate formed
of non-chemically strengthenable glass is in certain respects superior to a conventional
chemically strengthened glass disk substrate, having high temperature tolerance and
reduced susceptibility to failure caused by ion leeching. Higher temperature tolerance
may, e.g., be used to advantage by increasing the temperature of the metal sputtering
process, which may provide improved sputtered coatings.
The details of the present invention, both as to its structure and operation, can
best be understood in reference to the accompanying drawings, in which like reference

numerals refer to like parts, and in which:



steps is reduced, reducing the cost of manufacture. Additionally, 'azlaﬂhﬁlfﬂﬂﬁ
"substrate formed of non-chenically strengthenable glass is in cer't
respects superior to a conventional chemically strengthened gl ass disk
substrate, having high tenperature tol erance and reduc&%ﬂﬁg&&epti bility to
failure oeues@ashy i on | eeching. H gher tenperature t 34 may, e.g., be
used to advantage by increasing the tenperature of the netal sputtering
process, which may provide inproved Sputtered coatings. The details of the
present invention, both as to its structure and operation, can best be
understood in reference to the acconpanyi ng drawi ngs, in which Iike

r ef er enc gprEpUbERERIPRIONCOC TRE ORAWINGS parts, and in which: 13 MAR 2006 WO

03/ 024664 5 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ GB02/ 04160 Fig. 1 is a
sinplified representation.of |tBEi ABGN L troCatdng magréeiaséisdt or age
device, in V\/nF’c?h ]dilgk""s.'s’1 l%fée&lril'E .e%;ﬂggr 0368 nbAshaldeetstnled toise,

accor di ngrtvs evoEags 89art ey SRBOdIENt O the, present ;i,0MeMd;on; Fig. 2

i | lsust r atues, acdordinshextel BReLEEHsSt FRPE™FI Jccor Jance with the preferred
enbodi nent, shown in both a top view and a sectional view, 10 Fig. 3 is an
i sometric viewyfsanredgregrd pitilagpdagiphraberatopin éca‘i’m‘”iﬁ’l;qu‘b’%f‘ rAfe, in
accordance w th er, sbegl sesh view gnd 4 sestinpabiyieiged parti al

i sometri c,pr\e;%l\éer\fvedo%lt&%ﬁg{egfr:‘l ﬁgi&ﬁg apparatus of Fig. 3, according to the
preferred enbodiment; 15 Fig. 5. s an_enlar ' Sbarde WOF KpdieEe nounting
fissture of th&g-gpidfdiheupHarat§e °gfmﬁfg§e§{q§%i\ég3ygi ng to the preferred
enbodi nendupstateg. 16 aceordppcentish J88 PFPERE” °§rihdi ng wheel fixture of the
20)grindi ng apparatus of Fig. 3, according to the preferred enbodi nent;

Fig. 7 is a siggpl ifisesh iehlaigéa pidtoal ofomptridciier of B ¥4P1'88s parts during
operation_of the grindiNd.aprahatcdschefpreigred enadimnli ng to the preferred
enbbgdi nmentr-and 25 Fi g. 8 is a process flow diagram show ng the different
pr&tess steps in finishi t he, ed L Skurtias Eladhues ofickerding to the
breferred entddi feth = SO PEIATLED s%f%ﬁgﬁeggrﬁwﬁmgaﬁm EMBODI MENT
W th ref epdindingf dnparatup ofi H9- £ 195878 s°shown a sinplified drawing of the
maj or conponents of a rotating magnetic disk drive storage._device 100, in
whi ch di sks aspgescid bednhemed viar of iangtiafingdwrst fiEwre BF idr i ve

according to the preferred embodiment;

20 grinding apparatus of Fig. 3,

Fig. 7 is a simplified illustration of the motion of various parts

during operation of the grinding apparatus of Fig. 3, according to the

preferred embodiment; and

25
' Fig. 8 is a process flow diagram showing the different process steps
'N) in finishing the edges of a disk substrate, according to the preferred
. embodiment.
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference first to Fig. 1, there is shown a simplified drawing
of the major components of a rotating magnetic disk drive storage device
100, in wﬁich disks as described herein are installed for use. Disk drive
-35 100 typically contains one or more smooth, flat disks 101 which are

permanently attached to a common spindle or hub 103 mounted to a base 104.
Where more'than one disk 1s used, the disks are gtacked on the spindle
parallel to each other and spaced apart so that they do not touch. The
disks and spindle are rotated in unison at a constant speed by a spindle

40 motor.



35 100 typically contains one or nore snooth, flat disks 101 whi Ch"aiﬁ
"permanent |y attached to a common spindle or hub 103 nounted to a bds %lﬂ%
Where nore than one disk is used, the disks are stacked on the spindle

parallel to each other and spaced apart so that they go, n@%‘“& uch. The
di sks andvas3iopdéde are rotated in unison at a const ant Eﬁg ‘\3 a spindle

40 motor. 11 3 MAR 2006 WO 03/ 024664, PCT/ GB02/ 04160 6 5 The spindl e notor
is typically a bruahless DC notor having a nulti-phase el ectromagnetic
stator and a permanent nagnet rotor. The different phases of the stator
are sequentially driven with a drive current _to rotate the rotor. Each

di sk 101 i s foenednde mteolis dyetoaklyspdFuiless B¢ P TUALTMafe, having a hole
in the CoMlphed cid@rspimdie statortang pasimananhcnagitistetat e THas typically

been al um&gg%mb%gsgg BEendTat SHok re sabeenp0Aasy ireven] vithcr dridance with the
present invention %Irea S ol geramc materials are used 10 for the disk
subst r at 9¥%5RY tPn‘I°B t F'cufar, according to the preferred enbodi ment, gl ass

i ssused as the disk substrate material. The substrat abet-g@ated with a
thin | ayer ofEavhghek i18hliEetonBders a|€°1h$817¥é§ha§8§itb s rEe coated with a

Jonal l
prot ect i wavingy£holelin Bod¢ gentsr rfor dirgedinstiet han £if fpéﬁ%sabef X‘fbﬁera&fsk or disks
in the nREEINGHIABNY Bednayi@iinukp bdo otvrsyatetiade aredghePleed™pat t er ns
representing, the,datde YrBudn®! H06htidh,  fiRssBYNeramizbhasetialp @xe PEed dat a
patterns are ﬁgaﬁsa - aLl.anged i n el duei akccefiag ol tie predeiesd al t hough

spior al - t rFREKE® SO poOssi bl e. Each . iSefidit hehe dinstdad i nto a
nunber ofemBepgits I19¢F E%ld‘ﬁedsé‘%ttg? dg%ugu%s(%?éﬁr% lﬁa:'riilgr a nd) laai8osgEf Or's of a

track conipl emketyvith eithin daven fptRIRRHERIE AP or 165 positions a transducer
head 109 mdiacantitohe procsiventayge surface to read or wite data. The
actuator may be |likened to 25 the tone arm of a phonograph player, and the
head to the pLavi ng D&eEleon EDRLSLE ONENE Massduckrkhimdhd or each di sk
subface cont ai g;bgg 159%,%}- INE ARG Yahle hisHadilk¥a phtteiss afaedenaingaxi s

paral | el pagnqtiz3abi%; 12 rotation’ of  the disk  LoLnesibize the head. The
act uat or tﬁlypqa&amr? qomelduﬂbgheamagsng\%i ab]ﬁ 'anQJ:. 4‘@ datlaOp

_ | ock, sur | hakl Q& bearing
106 havi repusbiybarrhged o @irgplaqoBadt iy Fr&‘\ﬁ/‘é?'da{ﬁ%g‘gbé}ékgr?mhg sias, for this

reason, saiEstgoreidleef Bachegach ds farihes dEies iPEe & BEPLP il n Suspensi ons

10§, at t achRs deRtdrenuar ftBms anchre, all the sectors of a track completing a

circle.

A moveable actuator 105 positions a transducer head 109 adjacent the
data on the surface to read or write data. The actuator may be likened to
25 the tone arm of a phonograph player, and the head to the playing needle.
There is one transducer head for each digk surface containing data. The
17 " actuator usually pivots about an axis parallel to the axis of rotation of
the disk(s), to position the head. The actuator typically includes a
solid block surrounding a shaft or bearing 106 having comb-like arms
30 extending toward the disk (which is, for this reason, gometimes referred
to as the “comb”); a set of thin suspensions 108 attached to the arms, and
aﬁ electro-magnetic motor 107 on the opposite side of the axis. The
'transducer heads are attached to the end of the suspensions opposite the
conb, one head for each sugpension. The actuator motor rotates the
35 actuator to position the head over a desired data track (a seek .
operation). Once the head is positioned over the track, the constant
rotation of the disk will eventually bring the desired sector adjacent the
head, and the data can then be read or written. The actuator motor is
typically an electro-magnetic coil mounted on the actuator comb and a set
40 of permanent magnets mounted in a stationary position on the base or
cover; when energlzed, the coil imparts a torque to the comb in response
to the magnetic field created by the permanent magnets.
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a force to the transducer heads in a 4
25 aerodynamic characteristics of the slider counter this force,
the slider to fly above the disk surface at the appropriate distance for

irection into the.disk gurface. The
and enable

! ) ‘data access.

various electrical components control the operation of disk drive

30 100, and are depicted mounted on circuit card 112 in Fig. 1, although they

may be mounted on more than one circuit card, and the card or cards may be

mounted differently.

It will be understood that Fig. 1 is intended as a simplified
tic disk drive, which is merely an

35 representation of a rotating magne
¢ disk

example of a suitable enviromment for using a glass or cerami
ced in accordance with the preferred embodiment. It does

substrate produ
onment suitable for such a disk.

not necessarily represent the sole envir

40 ~ In accordance with the preferred embodiment of the preseht
the circumferential edges of a glass disk substrate guitable

invention,
in a rotating magnetic digk drive data storage device, are

for use, e.9.,
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influence of an abrasive (typically diamond) . This chipping or tear ng

action leaves surface roughness and causes gubsurface damage in the form
of brittle fractures. Even where the surface is subsequently polished to
a vieibly mirror finish using a cerium oxide.polishing agent, some of the
25 gubsurface damage remains. Small cracks and surface irregularities can
. readily spread in brittle materials, substantially reducing the strength
f”) of the finished part.

The roughness and depth of damage is related to both the relative

30 grinding speed and the gize of abrasive particles. Larger sized abrasives
and lower grinding speeds lead to deeper subsurface damage . For
sufficiently small sized diamond abrasives and sufflclently high speed,
the action of the abrasive on the substrate changes to one of gmooth
streaking or shaving, leaving virtually no aubsurface fracturing. This is

35 referred to as the ductile grinding regime or ductile grinding mode. As
used herein, ductile grinding includes any mode in which the predominant
abrasive action is ductile, even if occasional brittle cracks occur.
Ductile grinding can be expected to produce a very smooth surface, having
a roughness of approximately 50 nm rms Or less as meagured by an atomic

40 force microscope. As a result of edge grinding in the ductile regime, the
edge 1s naturally strong; further edge finishing steps, and in particular
chemical strengthening of the substrate, is unnecessary.
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sk. Disks an then cut from the thin glass sheets. Central disk

apertures are cut in the disks at the same time the disks are cut from the
25 sheets. Cutting leaves rough cylindrical edges at the aperture and outer

edge of the digk. Furthermore, the initial glasa_fabrication process
and surface roughness on the broad,

”‘) leaves a certain amount of waviness
flat surfaces. Various finishing steps are required to correct these

conditions.

30
In order to finish the broad, flat surfaces, the surfaces are

typically lapped to reduce waviness, and then subjected to polishing in

multiple steps to remove a thin fracture layexr in the glass left by

and to achieve the requisite surface roughness of the recording
35 gurface. In the preferred embodiment, the circumferential edges of the

disk are ground as herein described after lapping of the broad, flat
However, it should be undergtood that the

ould vary. BAfter the broad flat

lapping,

surfaces, but before polishing.

order of performing these operations ¢

surfaces, and the circumferential edges, of the substrate have been
40 finisghed, the substrate is coated with a magnetizable layer in a

sputtering operation, and may be coated with additional layers in other
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to an ion _exc
the le g‘ %d embodiment, shown in both a top view and a sectlonal view in

the plane of the disk axis. The thickness of the disk substrate in

proportion to its diameter is exaggerated in the sectional view for

For example, for a typical disk having an outer

25 illustrative purposes.
diameter of 95 mm and an inner diameter of 25 mm, the glass substrate
) should have a nominal thickness of approximately 1.05 mm. As shown, the
' The

disk is a flat, circular member having a circular central hole 201.

broad, flat surfaces 202, 203 arelused for recording data; typically, both

sides of the disk are used, although it is possible to use only one side.
k forms an outer circumferential edge 204. The
Both the outer and

3o
The periphery of the dis
central hole forms an inner circumferential edge 205.
the inner edges are finished by ductile mode grinding, as described

herein. The grinding wheels are shaped to provide radii 206 at the

35 junctures of the edges with the broad flat surfaces. Radii reduce the

internal material stresses and formation of cracks at these junctures, and

therefore improve the strength of the finished product. In order to

provide improved strength, it is preferred that the radius be no less than

0.175 mm, and specifically, that each radius be approximately a full

40 radius, l.e., that the radius be approximately one-half the thickness of

the substrate, 80 that the edge profile ig semi-circular. However, it
should be understood that these values could vary depending on the disk



process, in which the dopant ions are exchanged for larger ions (such as
"potassium under catalytic conditions. The larger ions create intgryyHAR 2006
conpressive stresses in the glass substrate, which increases its strength.
15 In particular, the strength of the glass is increased because the

i nt er nal waBHpisesssi ve stresses added by the |arger | 86HGBEAdIP0 retard the
gromh of cracks within the gl ass wﬂen subjected to external forces. Thus,
glass which is-not chemcally strengthenable is glass which |acks
significant requisite ion dopants needed for chem cal strengthening. 20
Fig. 2 illustrates a finished disk substrate 200 in accordance with the
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workpiece mounting fixture 301 relative to grinding wheel mounting

fixtures 302, 303.

re

25
Fig. 4 1s an enlarged partial isometric view of grinding apparatus

300, showing in greater detail workpiece mounting fixture 301 and grinding
wheel mounting fixtures 302, 303. Grinding wheel fixture 302 comprises a
pivoting arm 403 supporting a relatively large diameter grinding wheel 401
30 for grinding the outer circumferential edge 204 of disk substrate 200.
Grinding wheel fixture 303 comprises a pivoting arm 404 supporting a
relatively smaller diameter grinding wheel 402 for grinding the inner
circumferential edge 205 of disk substrate 200.

35 Fig. 5 is an enlarged view (from an angle other than that of Fig. 4)
of workpiece mounting fixture 301. Workpiece mounting fixture contains a
fixed L-bracket housing 501 which is rigidly mounted to table 305, and
which surrounds an air bearing 502 supporting a rotatable shaft. The
shaft rotates on an axis parallel to table 305, and perpendicular to

40 vertical mounting panel 304. A pulley 410 (not visible in Fig. 5, but
visible in Fig. 4) ie attached to the shaft on one side of housing 501,
while a vacuum chuck 503 is attached to the shaft on the other side.
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13NVAR2006 o\ 08¢ 246 6<buPdEE/ B0/ eDeik66E the position of pivotable arm 404.
Constant force cylinder 608 is an enclosed cylinder for applying constant
force to a piston (not visible) by means of air pressure. The piston is
coupled to the upper end of pivotable arm 404. An external compressed air

25 source (not shown) applies a constant alr pressure to cylinder 608, thus
maintaining a constant force on the piston and a constant torque on-arm

404, regardless of the angular position of arm 404. Stops 609, 610 limit

the arc of rotation of pivotable arm 404, preventing further removal of

material when a pre-determined limit has been reached.

30

Grinding wheel fixture 302 is similar in design and operation to
grinding wheel fixture 303, although is supports larger grinding wheel 401
and the dimensions of pivotable arm 403 are different from those of arm
404. I.e., grinding wheel fixture 302 similarly contains a pivotable arm
as 403 in which the pivot is attached to L-bracket 601, which is in turn
mounted to vertical pamnel 304; an air bearing supporting a motor-driven
shaft to which is attached grinding wheel 401; and members extending from
L-bracket 601 which constrain movement of pivot arm 403 and support a
distance indicator, constant force cylinder, and stop mechanisms.
40
Bearing 503, which supports the rotating vacuum chuck and workpiece,

bearing 602, which supports pivot arm 404, and bearing 603, which supports



5 Vacuum chuck 503 secures a disk substrate 200 during grinding operations
‘by vacuum A separate electric notor 505 is nounted to table 305. Mo MAR 2006
505 drives a belt wound around pulley 410 to rotate the shaft, vacuum
chuck 503, and substrate 200 during grinding operations. Fig. 6 is an
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25 through the pivot arm to point of contact 702. The constant force
cylinders thus maintain a controlled and constant force of the grinding
wheels against the workpiece during operation. When the pilvot arms have
traveled a sufficient angular distance as a result of grinding, the arms
encounter the stop mechanisms above described (not shown in Fig. 7), and

30 further movement of the pivot arms is arrested, thus preventing further

removal of substrate material.

Fig. 8 is a process flow diagram showing the different process steps

in finishing the edges of a disk substrate. Initially, a single disk

35 substrate 200 is loaded to edge' finishing apparatus 300 by applying a
vacuum to vacuum chuck 503 and placing the disk substrate on the chuck
(step 801). Lafge and small grinding wheels 401, 402 are attached to
rotating shafts at the ends of pivot arms 403, 404. The grinding wheels
loaded at this stage are for coarge (non-ductile) grinding to remove

40 sufficient material to bring the disk substrate near nominal diameter and
concentricity. Specifically, it is preferred that the large grinding
wheel 401 used for coarse grinding be a vitrified bond diamond formed



40 Bearing 503, which supports the rotating vacuum chuck and worklp'iﬁ e
beari ng 602, which supports pivot arm 404, and bearing 603, which Bﬁ)&mﬁs
11 3 MAR 2006 WO 03/024664 13 PCT/ GB02/ 04160 the small (inner dianeter)
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Initiall ygriadﬁﬁbruiéfhtd$ﬁ%k Coarse grinding continues at substantially constant
parameters until sufficient material is removed so that the pivot arm 403
encounters a stop, and can no longer rotate to remove further material.
25 At this point, grinding force drops essentially to zero, and the grinding
machine is stopped. In the preferred embodiment, the coarse grinding of
the OD takes. approximately one minute or less, and removes material at a
rate of approximately 250 microns/min, it being understood that this is
only an estimate and not a process parameter, since the actual end of the
30 grinding step is determined by the position of the pivot arm.

An analogous process is then used to grind the inner circumferential
edge (step 803). I.e., wheel 402 and disk 200 are simultaneously rotated,
while a constant air pressure is applied to the constant force cylinder at

35 the top of pivot arm 404. During this stage, pivot arm 403 is disengaged,
so that no grinding is performed at the OD. In the preferred embodiment,
wheel 402 is rotated at a speed of approximately 25,000 rpm, whi}e the
disk is simultaneously rotated at a speed of approximately 100 rpm. The
air cylinder applies a grinding force of less than 5 pounds at the point

40 of contact. The same slurry is used as was used in step 802. Coarse
grinding continues until pivot arm 404 encounters a stop, at which point
grinding force drops essentially to zero, and the grinding machine is
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Such an edge 18 na%ura&i§ %tf&ig, and does not require further chemical

strengthening to achieve desired strength.

25
The outer edge of the substrate is then ground in the ductile

/\) grinding regime (step 805), by again simultaneously rotating grinding
wheel 401 and substrate 200, while applying a constant force with the air
cylinder to the top of pivot arm 403. In the preferred embodiment, wheel

30 401 is rotated at a speed of approximately 4000 rpm, while the disk is
simultaneously rotated at a speed of approximately 100 rpm, glving a
relative speed of approximately 30 m/sec at the point of contact between
the grinding wheel and disk edge. Air pressure provides a grinding force
normal at the point of contact of less than 5 pounds. A grinding slurry,

35 which is preferably the same as the slurry used in coarse grinding, is fed
to the grinding surface during ductile grinding. .Ductile grinding
continues at substantially constant parameters until sufficient material
ig removed so that the pivot arm 403 encounters a stop, and can no longer
rotate to remove further material. At this point, grinding force drops

40 essentially to zero, and the grinding machine is stopped. In the ductile
grinding regime, a thin layer of surface material, approximately 50
microns thick, is removed, this being gufficient to remove virtually all



only an estimate and not a process paraneter, since the actual end of the
30 grinding step is determ ned by the position of the pivot arm An%3 MAR 2006
anal ogous process is then used to grind the inner circunferential. edge
(step 803). I.e.., wheel 402 and disk 200 are sinulta tated, while
a constaﬁ%ogﬁ’ormﬁ essure is applied to the constant f%??@h%/;q“kﬁder at 35 the
top of pivot arm404. During this stage, pivot arm 403 is. di sengaged, so
that no grinding is performed at the OD. In the preferred enbodi nent,

wheel 402 is rotated at a speed of approximtely 25,000 rpm while the
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approximately 30 m/sec or more. However, it will be recognized that in

some cases it may be necessary to use a lower speed, e.g.., because the

25 finishing apparatus is not capable of such high speegs, and for at least

some combinations of process parameters, a relative speed of 20 m/sec or
") more is believed to be adequate to produce acceptable finished edges.

such speeds could alternmatively be achieved at lower grinding wheel speeds

by simultaneously increasing the speed of the workpiece (disk). A wider

30 range of grinding speeds could be used in the coarse grinding stages, but
. the relatively high speed is used in the preferred embodiment to achieve

raplid material removal.

The edges of the disk having been finished, the disk is then
a5 unloaded from the grinding machine (step 807).

It will be understood that the order of certain operations in Fig. 8
could be changed, and in particular, that the order of steps 802 and 803
could be reversed, and the order of steps 805 and 806 could be reversed.,
40 or that both coarse and ductile grinding of one edge might be performed
before any edge finishing operations are performed on the other edge.
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| s 28t Oppedn Frepertivelavesipens oFRERT SFEAFRRIPET & the 1D by ductile
grinding is approxi mately the same as that renoved at the OD, _i.e. 50
mcrons. I n thgdaseheineosiading dinaglat aret éhgwn in Fig. 7 in similtaneous

contact with disk substrate 200, in fact in prototyping operations inner

and outer edge grinding operations are performed one after the other, as

described above and shown in Fig. 8, so that both grinding wheels do not
‘Thig is done to avoid vibration or

25
simultaneously contact the workpiece.

") other effects of one grinding operation interfering with the other.
However, it may be possible to achieve acceptable results performing both

operations concurrently. I.e., it may be possible to perform steps 802

30 and 803 concurrently, and/or to perform gteps 805 and 806 concurrently.

In production mode this would be a desirable method if acceptable results

can be thereby achieved, because it shortens the time required for edge

" finishing operations.

35 Tt will be understood by those skilled in the art that certain
trade-offs exist among many of the process parameters described above, and

that the parameters described above as part of the preferred embodiment

are but one example of a set of poseible parameters, which are believed to

give a relatively low total process cost given currently available cost
It is possible that many variations exist which could
hed disk substrates, but which would vary the

40 constraints.

produce acceptable finis
components of the total process cost. For example, the type of grinding



ductile grinding of the ID takes approximately two m nutes or |ess. 20
Ducti]le grinding is preferably carried out- using a high relative S'p?g‘gR%Uﬁ
the point of contact. Ideally, this relative speed is approximtelly
m sec or nore. However, it will be recognized that in_sone cases it my be
necessar WQH/%%%E 5 | oner speed, e.g., because the 25PFTEBEHY apparatus is
not- capabl e of such high speeds, and;for at |east sone conbinations of
process paraneters, a relative speed of 20 msec or nore is believed to be
adequate to produce acceptable finished edges. Such speeds coul d
alternatively be achieved at | ower %lrei ndi n(ig< wheel = speeds by, si mul taneously
i ncr easi Metha s pesy RBFaeRer ot Rpi et FAR 8k A A de range of grinding
speeds coukereBeousnodudena tfheerceintaze YinHrhtPver 5w Hsut? M™%l atively high
speed i S iasHfsé hé hemgpefoehere coseniretomreintvolved aahtheyecarsq griddthg eri al
removal . cthe. esl@es: efe the dinskedaas Biheb@eBtHeirnoshedotorbidnublged il t hen 35
unl,0aded from e 46} 0dk N dBChipambskety 807 hay bb pekdibideo urerr st ood t hat
the order g;‘: cer%&hn gperaf | ons e'rrif':x'g-%' Bee O%Qeq ReifhaNeedue dRd i N
par ti cul &P hFEItINE Brefe s OFcsteps 802 and 803 oul d. be, reversed, and the
order of feFmphe gosk a%tmwaaw&e@é’aftév‘&?‘g%d‘f Eﬂﬁﬁgrent e B0t W coarse and
ductil e cpresdiirapiof. oWditigndllmi ghrione abkarPeiive FLUIFf GFR°3RiP Bdge fi ni shing
oper at i ongpad et peiddndebec0n, ehe. oidhervecayd: 13 MAR 2006 WO 03/ 024664 17
PCl/ GB02/ 04160 The grindi ng apparatus shown in Figs. 3 - 7 and descri bed
above was _des} qRed, LAl LOWQIHAE, a¥ RaphTBRALheN atadiprotiuatson of

|

pr.ot ot ype di sks accor da w.th the f ed | ROt &f the present
i nfvent i ot ™9 121355 pE S yp s %l-%?xégt g%f;n(f hg;t , n’?‘ gr&%&' i, T

. . i olit| e, L Ghs. ol urre
product i offigeqiapach lAPPERTERG Preadt ifdRs Ak P BE AL FEthe 4r i hdI nd appar at us,
whi | e st i tHespmoehschaing peifipkmed; Wfa&éhﬂ&ﬂ%eefwifwnﬁr?é°ffﬁég‘§ﬁ’é‘d enbodi nent .
| nagart i cadsaribed Or Howlvegh anohnpotisbed dloti digk nay aiberngtivelyppefferehl e to avoi d
a manual QPEIMbiel professvd,! 6ithag nbw emstinpar serdadtex devakopgdi ndi ng wheel
during thg 20Q6.119" itAdi R, ORE LA dnOfociaSsteph ade Ratréematsnat Bp 804. This
coul d be idg acconpl i shed by nounting a pair of grinding wheels in parallel
al i gnment? tetSt at i ng about a comon axis on a single rotating spindle, one
wheel being used for coarse grinding and the other for ductile grinding. A
meghani sm \ADGF‘CFhBePIEF?W‘F‘HWO%HPenﬁ‘D\F hFURAERE 1% AR \ﬁb‘?’ﬁf)‘iegcte" (i.e., the
di sk) or &Heelcayritmelighgeniheehsi it it Harther airefirred thatntheosWEFE&Eei vel y bri ng
one or thgaterial be a glass which is not chemically strengthenable. The finishing
of disk edges by grinding in the ductile grinding regime as described
herein leaves little or no fracturing at the disk edges. Minute fractures
25 in brittle materials such as glass and ceramic significantly affect the
break strength of the material. A finishing process which produces
©y " virtually no fracturing therefore produces a much stronger disk. The
strength of a disk produced in accordance with the preferred embodiment is
believed to be sufficient for application in typical disk drive storage
30 devices without the need for chemical strengthening, and it is therefore
recommended that chemical strengthening be foregone. The elimination of
chemical strengthening has several beneficial effeqte. Most obviously, it
removes prdcess steps (e.g., én ion exchange step and a cleaning step),
and reduces the cost of the manufacture accordingly. But it also has the
35 potential to provide a superior finished product. A chemically
strengthened disk or disk made of chemically strengthenable glasa, having
ion impurities, is subjec£ to ion leaching under certain conditions. This
leaching occurs over time, is typically not detected during manufacture,
and may be so severe as to cause operational failure of the disk drive
40 after installation in a user’s data processing system. Additionally, a
disk made of chemically strengthenable glass will rapidly leach ions under
higﬁ temperature conditions, limiting the temperature of subsequent disk



15 other grinding wheel in contact with the disk edge. This pair of
grinding wheels would be repeated at the outer and the inner di ank§efAR 2908
that four wheels in all would be used. The grindi ng wheels coul d be

physi cal | separate menbers which are joined on the ' or could be a
cormmon \?ﬁ%@f“zﬁé‘\/i ng two different circunferential s&??@?g{mggptions, each
wth its 20 own respective. roughnesss or ot her surface properties. Although
the grinding wheels are shown in Fig. 7 in sinultaneous contact with disk
substrate 200, in fact in prototyping operations inner and outer edge
grinding operations are perfornmed one after 1P 'eemfbSatine dESCI i bed
above andPrSPRARARG Ftepfy. THEEe JE TRET® BBELRGT N Fﬁg g\}Ah?(-:gb?e qZ) en?)t

si nul t anepusteyimgonteaationhaiijoptqsiesc 8. mor T PLiory S"ﬁeé %6 -avdid’ vi bration or
ot her ef f@gtis mef ronigiendyng operding candinies i/ PHG™YVe! t he ot her.
However, ib;0RY:d}e ROSShDlc8edeOra6hise VA aat obzhatl gotr ebui¢diyer f or mi ng bot h
operat i ons Coréﬁé{fagfemlé %s%;} 5 the ket BYeDEndsED! crdvevargritovalst eps 802 30

and 803 cUFRFTER ,an r to..perf RQF g@askiaEently. In
product | oM ERBHELERY be g9AP 1B SOt L %ﬁ%&%&%ﬁiiﬁ%c%t abl e resul (< can
e

be t her ebjesaxived heErinisdag & lep BhYy PHHTRIY e rediired for edge

fi ni shi ngchepEraaty epengt3En |the \dupstrpte aHEErLEHSITDIITROLTE SKiTTed in the art
that cert fidReaded atlength.s BXiefld ainigomiiy bofPoERible tecres® FaFIREYEr s

deseri bed, AhONen BN natdied (iR cparameters rdebdy iavettablrovena®tpait of the
preferr Edwlgtgﬁ%%“ m n%hemﬁragl,py{reggﬁemmhe 1of t1d metalehicgos shiliealpar anet er s,

whi ch are I"eve 0 Ive.a re i de0ik) PRACEs Si/AFt given
cul rent | y=EreBIShEHRg ’é‘o%"?‘v 1%“5?15 1?%;%?155}411}9?}5‘% s possi bl e that many

vari at i onemigxthet chemish tgensre i fHat®e accept abl e fini shed di sk substrates,
but which would vary the conponents of the total process cost. For

exagpl e, the typencOfregeiradicnbodidend, MR 200 60D di3mekrscwge P8 BT/ GB02/ 04160
wheel and g her pakAELRS tndiS@dr i dahdter @agr see Ginintiches SinishehPyht be

al tered t ﬁ.PcE duce a f i N8lesk! fiaGRy Withmshikl pBerpobsiats wpesnishhi ch may

I ncrease e nme_of other_c t ' | MQehtibn,t Bey.Camesmeer | Ndi ng
stage, buf™4t “1*h&" §g?r§5ﬁsrr%ccrg€&&ﬁ%:%t‘%%:pi(zg%&g% £A08dn LRCLHAES dage/ol ved in 5
t he duct i ledoegr thsae N8rasE AJEe5Af (“8F ngﬁ%ﬁxy,' it may be possibhe tfe.avoid a
coanse gr ibpciome obhexg ePogibdy defie LA 1MM PBFYELSS u°s$§: ?o tnitially cut or
form the @iagkas st Aeajeasingran titeprogess dsafhi hiial X JoFF &P FEPS i ose to
specification. Additionally, various alternative slurry conpositions,

types of gri nd&rpghé/\’B?&Iel?redeénﬁodimamta Readss&tl ceramic, disk is produced
having an edge radius, by grinding in the ductile regime and omitting a

25 chemical strengthening step. However, in one aspect of the preasent
invention, a disk is produced having one or more circumferential edge
radii as described herein, without necessarily employing ductile grinding
or omitting a chemical strengthening step.

30 As described earlier, a glass disk substrate produced in accordance
with the preferred embodiment is sultable for use in a rotating magnetic
disk drive data storage device. However, such an app;ication is not
necessarily the only application in which a glass disk substrate produced
in accordance with the present invention may be used. For example, there

5 may be other data recording technigues, now known or hereafter developed,
which require a glass or ceramic disk substrate. Data may, e.9. be
recorded on disk surfaces in an optically encoded form, or in some other
form. 1In this case, there may be certain variations in disk structure
from those described above, e.g., the absence of a magnetizable layer.

40 Additionally, there may be other layers not described herein, eithexr now
known or hereafter developed,'which are deposited over the glass disk



10 in the preferred enbodi nent, an unpolished glass disk is fornmed p§
‘rolling a glass sheet, cutting disks fromthe sheet, finishing the dis4AR 2006
edges, and | apping the broad, flat disk surfaces to reduce the wavi ness,

t hese steps being perfornmed before the edge finishin [ ss herein 15
descri bedO ¥#¢er, an unpol i shed gl ass di sk may al tg’f:ﬁ’ggﬁﬁ%?@ be forned
by different processes, either now expsting or hereafter devel oped.
Additionally, the order in which process steps are perforned nay be
altered. 20 In the preferred enbodi nent, the substrate is not subjected to
chem cal strengthening, and it is further preferr Substrate
materi al PEsErage AELer PARFAGERT8E tBh SRR LA ey{ns ?cé’ﬁ(gt %Eﬁq t(ia:{.l]éaThe fini shing
of di sk eplgesntbinvegptiin®i ng in the ductile grinding regine as descri bed
herein leaves little or no fracturing at the disk edges. Mnute fractures
25 in brittle palesl @l Sestab asSo@hafSon ek apraanion Igisgiveh iddariicksd af f ect the

break strandt B ol LGl &b flived) 14 BLANGNGoRGRORE by hiosd sRrindalags

vi rtual | y* 1707 fracturin erefore produces rongede @itgk, The
strengt h B artdreg ﬁdb‘%ﬁ %]dvfﬁ%?glé’é’%olfl efrﬁ%@?gmdtzgﬁtihﬁg’pr eferred embodi ment is

g
bel i eved the beors 9Eftihe ELowiag Api¥¥i cation in typical disk drive storage 30
devi ces without the need for chem cal strengthening, and it is therefore
reconmended that chem cal strengthening be foregone. The elimnation of
chem cal strengthening has several beneficial effects. Mdst obviously, it
removes process steps (e.g., an ion exchange step and a cl eani ng step),
and reduces the cost of the manufacture accordingly. But it also has the 35
potential to provide a superior finished product. A chemically
strengt hened di sk or di sk nmade of chem cally strengthenabl e glass, having
ion inmpurities, is subject to ion |eaching under certain conditions. This
| eachi ng occurs over tinme, is typically not detected during manufacture,
and may be so severe as to cause operational failure of the disk drive 40
after installation in a user's data processing system Additionally, a
di sk made of chemcally strengthenable glass will rapidly |each ions under
hi gh tenperature conditions, limting the tenperature of subsequent disk 41
3 MAR 2006 WD 03/024664 19 PCT/ GB02/ 04160 processing steps. There is reason
to believe that higher tenperature sputtering operations will produce a
nmore uni form nmagneti zable [ayer, which may facilitate higher recording
densities and/or inproved



reliability. For all these reasons, glass which is not chemcally 5
strengthenable is used in the preferred enbodi ment. However, it wo#lZcMAR 2006
alternatively be possible to finish t?f circunferenti al edges of a disk as
descri bed herein using a chem cally sftengthenable material, and to

chem cally strengthen the substrate after such edge finishing for even

i ncreased strength. It would additionally be possible to use a chemcally
10 strengWedaihhe material (which nmay be nore readily avail abl e than
material which is not chemcally strengthenable due to the preval ence of
cheni cal 1St r engib@dl e hindatven i oiskbubtirale b atatitingydigk ddesdas), and to
sinply omt the chem cal strengt hen| ng step. 15 in the preferred

enmbodi nenStor&‘thd@VtcheCWéFn&fhéﬁ‘EP%? edge at the central aperture and the
outer di amet er edifo250idl AbaRRLhATd b BhaRerrAfal dRBchibadk hassehe Hoever
it my alter naff e y Be pOSSi Inis e of the edges according
to the presglofiamvaaidldom theget oftrhaemals eams1sedgef ghisereerdmicgand &t r esses can
be expected, and to finish the other edge 20 by sonme other, possibly |ess
exact i ng, cpmbiagen obglassANHSEramifi sh the other edge at all. depending on
the process us%‘adﬁr%éaﬁﬂ&ﬂsl%ﬁ% 16t ah B8 AEhing Bp Jsahﬁueraﬁaerred embodi ment, a
gl ass or ceramc rocIuc havi ng an edge r adi us by grinding in
the ductile re@-ufrémgrsdldmmcumfﬂgntml edge Qﬂsewlldlek s@strretngt hémtﬁggetl@eg However ,
in one aspect of the, res i nvent i a disk is produced having one or
nore ci rcﬁ?&‘@teéﬁ’c“iga??‘dee(ﬁlég mPSQH’iglapB%raﬁléscri bed herein, without necessarily

enpl oyi ng duct iy} Qﬁ%ﬂ@'dﬁﬁk suBitradNistilrighed ForGheslitiah is b dekgirheniang step. 30
As described earlier, | ass di sk substrate({)roduced in accordance wth

the pref erstoemgesidmdlwrﬂmut themigaltstrongshening efssaid ¢iskysybstratei ng magnetic  di sk
drive data storage device. However, such an application is not necessarily
the only application in which a glass disk substrate produced in
accordance with the present invention nmay be used. For exanple, there 35
may be ot her data recording technjques, w kno r ereafter &i vel oped,
which req@re éfhglra@b%formfﬁcelr%sakd@%’gﬁﬁf%‘?@ greingsayl di g‘é recor ded

on di sk SLH’nt %%gtsa dtdla ygé;dméél Qlr&tﬁtug%‘ﬁggr?eglnfd?srkrﬁnv‘érdatarht&‘dggdéﬂlé*@%mdf orm In

this case ain v s in disk structure fromthose
descri bed dikosubstrate being bitsequneinceated withreagagstelic abating afige said gonding
Additionally, there may be other |ayers not described herein, either now
known or H#Peafter devel oped, which are deposited over the gI ass disk 13
MAR 2006 WD 03/024664 20

3. The method for manufacturing a disk substrate of claim 1, further comprising
the step of coarse grinding said circumferential edge in a non-ductile mode, said step
of coarse grinding said circumferential edge in a non-ductile mode being performed

before said step of grinding said circumferential edge in a ductile grinding regime.

4. The method for manufacturing a disk substrate of claim 1, wherein said disk
substrate contains an outer circumferential edge at the periphery thereof and a central
aperture defining an inner circumferential edge, and wherein said grinding step is

applied to both said outer circumferential edge of said disk substrate and to said inner

circumferential edge.

[R\LIBQ]02845.doc:PIM



substrate after manufacture of the substrate in accordance wth the

present invention. Although a specific enbodi nent of the invention] hMARQEBN
disclosed 5 along with certain altern ?Lves, it will be recognized by those
skilled in the art that additional vafiations in formand detail may be
made within the scope of the following clains: 11 3 MAR 2006 -21 W claim
1. A nmethod for manufacturing a disk substrate for a rotating disk drive

data stofage dbevimethodfonmangfapiyringe diskespbsteate o dainyl.ighacinisaid substrat e

having a ci.rcunferential ed sai i.Sk.,su [ being: of .a materi al
fromthe %P&Bg SITRCOMPLFES %ﬂﬁm%ﬁaf(ﬂ%&jg(gfwlthgﬁ g@é‘,e &i%g?(gﬁg(??&éaglﬁea conbi nati on
of glass gaefoRRMBT ah e QARLRG abaidiciedusifeeontialigdgee to an edge finishing
apparatus; and grinding said circunferential edge of said disk substrate in
a ductile grinding reginme using said edge finishing apparatus; wherein
sai d disk substrate is finished for installation in a disk drive data
storage device w thout chem cal strengthening of said disk substrate. 2.
The net hod, f or Tiemiast fof hiagufictirial ashisksubsttate of claihal ywhereintseidei n sai d di sk
drive data storage device is a rotating magnetic djs iye data storage
devi ce, satindingistep compsiseshringing hegrinding arpleneq of Sé&faﬁféequls\ﬁ'f‘gaam’&aﬂb‘t ic
coating atter i t Ndi i : Ny g a di sk
substr at e“b?oné cg#‘%h%’al(?%{rc{a%'ef?éég%gg%?ryyogﬁgﬂ@?ggggﬂggﬁgég?isﬁ%i ng said
ci rcunf er grihdiag appigence and cinannfirentinl elgeod epprexintitdy 8 m/efc aramerse gri ndi ng
said circunferential edge in a non-ductile node being perforned before
said step of grinding said circunferential edge in a ductile grinding
reginme. 4. The nethod for manufacturing a disk substrate of claiml,

wherein said disk substrate contains an outer circunferential edge at the
peri phery 7t her & naethiodafoc erenn fcturiag erdiskr swbstedte af elginah, Whetein sgidedghf er ent i al

edge, and wherein said grinding st is.. applied t.o ho Q] ut er
ci r cunf er &Wishing mggtlgfc%%rﬁe%?%ncgﬁ%g}%p}lgpgﬁéaﬁglgt é)la%lg?{ij B?%ﬁieeg of
ci rcunfer %g%ﬂoﬁimﬁglg%m[cPéAsldr%.02845. doc: PJM 13 MAR 2006 -22 5. The net hod
for manufacturing a disk substrate of claim1, wherein said grinding step
conprises grinding said edge with a fornmed grinding appliance conform ng
to an edge radius at said circunferential edge. 6. The nethod for
manuf acturing a di sk substrate of claim1l1l, wherein said

8. The method for manufacturing a disk substrate of claim 1, wherein said disk

substrate is of a material which is not chemically strengthenable.

9. A method for manufacturing a disk substrate for a rotating disk drive data
storage device, comprising the steps of:

providing a disk substrate having a cut, unfinished circumferential edge, said
disk substrate being of a material from the set of materials consisting of glass,
ceramic, and a combination of glass and ceramic, wherein said disk substrate material
is not chemically strengthenable; and

finishing said circumferential edge of said disk substrate to a finished state
suitable for use in a disk drive data storage apparatus using at least one edge finishing

apparatus.

[R:ALIBQJ02845.doc:PIM



grinding step conprises bringing a grinding appliance of said edge 13 MAR 2006
finishing apparatus in contact with said circunferential edge and

providing rel ative notion between sai_q _grinding appliance and
circunferential edge of approximately 30 m sec or nore. 7. The nethod for
manuf acturing a di sk substrate of claim1, wherein said edge finishing
apparatus conprises a grinding appliance having_di ampnd, particles o

appr oxi mattél y ﬂ"heimwtbmrtfommall@lg@turglg ardigk subste of %‘ﬁnﬁh&@ﬂﬁa%%e%o%i sk

substrate of claim1l rei.n sai sl i - i whi ch

i s not ché%‘%’é‘?ﬂ Vﬁf#ﬂ%ﬁﬁ@hgﬁﬁ?%g&‘%ﬁ%? Eog ¥egér0ﬁ1r1dar§8§g%1?dt}ir?$§fgag@%ﬁ sk
substrateiif,grdu@m@%ﬁﬁain Geglnfek drive data storage device, conprising the
steps of. providing a disk substrate having a cut, unfinished
circunferential edge, said disk substrate being of a material fromthe set
of materials consisting of glass, ceramc, and a conbination of glass and
ceram c, wherein said disk substrate material is not chemcally.

st rengt hengbl e; T dethbdferhhamfamiriheed disksdbsiratetolf alains Qgehereinssaididigk s k
substrate to a finished state suyitable for. u$e ina disk drive data
storage apirivealatistersgndevige Isadetating magngfle disk $riv 4l sabgs ARYISE

[R\LIBQ 02845 : : 5 ot e duifade dTaaidfdisk uri ng a

di sk substrpgtﬁ%d %@Fg%ﬁgwgg%g&nofgcg?tg%s%t-e[%%gf finishing said

ci r cunf er eabitadte adtier migreat doatingksaid betingtstepdwsingriestosmed phierisall sai d edge
in a ductile grinding reginme. 11. The nethod for manufacturing a disk
subst r at e SMNHIER-9 wherein said disk drive data storage device is a
rotating nmagnetic disk drive data storage device, said nethod further
conprising the step of coating at |east one flat surface of said disk
substrate with a magnetic coating, said coating step being perforned after
said grinding step..,12.. The t J: i skrate of
claim?9, V\ﬁer ei ihes'glﬁﬁ'oﬁifglkma B%Fﬁlg% %8%%%}&%%%{%@? é?hgfe?%fjaﬁrfalgr enti al
edge at thgpeeith BhRhins bhouretirauntfeentianédgalat theperiphary thbeddfand g cantralnner
circunferential edge, and wherein said finishing ste onprises finishing
both sai d apertere defmingrdreinast sissumdergatial edgsppd & ‘i@l%%?g%f‘}“g?‘é‘géﬁe& sai d inner
circunferential edge,.13. T i GisR sehshistesdndst r at e of
claimo9, wiaPRSE gg}sﬁméts"é’éh %ﬁd Hﬁaﬂlas uif[rﬁgregg"indl&gi@?g%ﬁm erential edge grinding
st ep conpris@mnkpeifduntferentigidgiger adi us at  said circunferential edge. 14. A
nmet hod for manufacturing a disk substrate for a rotating disk drive data
storage device, conprising the steps of: providing a disk substrate having
a cut, unfinished circunferential edge, said

13.  The method for manufacturing a disk substrate of claim 9, wherein said step of
finishing said circumferential edge grinding step comprises forming an edge radius at

said circumferential edge.

14. A method for manufacturing a disk substrate for a rotating disk drive data

storage device, comprising the steps of:

providing a disk substrate having a cut, unfinished circumferential edge, said
disk substrate being of a material from the set of materials consisting of glass,

ceramic, and a combination of glass and ceramic;

finishing said circumferential edge of said disk substrate to a finished state

suitable for use in a disk drive data storage apparatus by application of mechanical

[R:ALIBQ]02845.doc:PIM



di sk substrate being of a material fromthe set of materials consj$MARQIIRS
glass, ceramc, and a conbination of glass and ceramc; finishing said
circunferential edge of said disk subgtrate to a finished state suitable
for use in a disk drive data storage” ﬂp‘arat us by application of nmechani cal
[R U (r)Q 02845. doc: PIM 13 MAR 2006 -24 forces using at | east one edge
finishing apparatus, said finishing step bein acconpl i shed w t hout

cheni cal Sércegsiment lagst ofic sdgedinishsig mplaatmsasaaig finhinprséepgingd f or

manuf acturing a, di sk substrate of claim 14, wherein said disk substrate is
of a mat eRFEAMRHNE Wl"i‘ochﬁ"e@ﬁcé‘ﬁf%eé\gﬂyng’tgroiﬁﬁ'lgnﬁgﬂ(a%‘lgg.rgi‘6. The nethod for
manuf acturing a di sk substrate of claim 14, wherein said step of finishing
said circunferential edge of said disk substrate conprises grinding said
edge in a ductile grinding reginme. 17. The nethod for manufacturing a disk

substrate qf claim14 erei ai d di.sk ] t i is a
rotating gneti rag:tEQd %iwugﬁfwn&a&#@(gseubgé%% ?(fa?ﬂ{sngilg’ \gfrlr%tg ﬁo%@/%%her
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substrate wth a magnetic coating, said coating step being perforned after

said grinding step. 18. The nethod for manufacturing a di sk substrate of
claim 14, wherein said disk substrate contains an outer circunferenti al
edge at the periphery thereof and a central aperture defining an inner
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edge.

17.  The method for manufacturing a disk substrate of claim 14, wherein said disk
drive data storage device is a rotating magnetic disk drive data storage device, said
method further comprising the step of coating at least one flat surface of said disk

substrate with a magnetic coating, said coating step being performed after said

grinding step.

18. The method for manufacturing a disk substrate of claim 14, wherein said disk
substrate contains an outer circumferential edge at the periphery thereof and a central
aperture defining an inner circumferential edge, and wherein said finishing step

comprises finishing both said outer circumferential edge of said disk substrate and

said inner circumferential edge.

19.  The method for manufacturing a disk substrate of claim 14, wherein said step
of finishing said circumferential edge grinding step comprises forming an edge radius

at said circumferential edge.
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