WO 01/50464 PCT/ US01/ 00229 G.ASS SUBSTRATES FOR MAGNETI C MEDI A AND
MAGNETI C MEDI A BASED ON SUCH GLASS SUBSTRATES Descri bed are gl ass
subst r atye of/Sgsssmgneti c nedia, for exanple, hard di sk driREEUSI1802%9s0
descri bed are nmethods for making such substrates, nethods for nmaking a
magneti c medi um from such substrates and the resulting magnetic nedi a.
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al um num substrates include inproved shock resistance and higher stability.
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s| ap damgg)egérg%efdrhﬁf gfaisél &H\é{%‘%@,’fﬁqﬁ %gi@ﬁrgkrd%?|f§mﬂrﬂﬂ?e,”ﬁ‘afr§|dis§%ﬁ;e§ ates and

t he i nprove resu 'S ving less flutter when driven at
hi gh spgesigesensédireinethdtisTOL makling kachbitsirags | inkthdls fetraikingdepgatic
stability. Additionally, a glass substrate with a highly snmooth surface can
provi denealiuth $tormichisubsirat¢seandshelresitiingneensiaimediioser to the di sk,
resulting in nore data storage. However, the practical applicability of

gl ass substrates has been hindered by the need for significant processing
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from the appakajousmtibyforise bf glassi subfoateefbrinmgneac stedit, paiticuhaly Heeddiskknown
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provide a disk which can be used with the head closer to the disk, resulting in more data

v

storage.

However, the practical applicability of glass substrates has been hindered by the
need for significant processing steps to provide a substrate with suitable surface properties
20 from direct pressings or from glass sheets, i.é., the glass material directly from the
apparatus by which it is formed into a sheet. It has been known to prepare sheets of glass
by a number of processes, including downdraw, float glass, updraw and rolling methods.-
As for preparation of glass sheets for use as magnetic media substrates, one type of
downdraw method, known as fusion-type downdraw, has been disclosed; see Kitayama,
25 U.S. Patent No. 5,725,625. However, glass sheets produced by this fusion downdraw
method still have insufficient surface properties, i.e., the required flatness, waviness,
thickness variation and surface roughness, for direct use in prepafing substrates for
magnetic media. Thus, as disclosed in Kitayama for example, it was necessary to subject
the glass sheet to a significant flattening step. In fact, the Kitayama invention is mainly
30 directed to méthods for flattening the glass sheet prepared by the fusion downdraw process.

Further, the disks cut from the flattened glass sheet in Kitayama (i.e., the substrate blanks)
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30 directed to nethods for flattening the glass sheet prepared by the
fusi on downdraw process. Further, the disks cut fromthe gl ass
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magneti c nedia, particularly hard disk ives, cut from
15 necessity of forming a blank of higher thickness, e.g., the expense of melting and
processing a greater amount of glass material per substrate blank.
The known methods for providing glass substrates for magnetic media are deﬁcient
In failing to provide a practically applicable process wherein a substrate having the required
superior surface properties can be cut directly from a glass sheet, as formed, such that little

20 or no surface treatment is required for use in preparing magnetic media, particularly hard

disk drives.

Summary of the Invention
At least in part to overcome the deficiencies in the art, it is an object of this
25 invention to provide substrates for magnetic media, particularly hard disk drives, cut from
a glass sheet, as drawn, which require little or no surface treatment. Othér objects include
methods for preparing such substrates, methods for preparing magnetic media comprising
such substrates and the resulting magnetic media products of such processes. Upon further
study of the specification and appended claims, further objects and advantages of this

30 invention will become apparent to those skilled in the art.



a gl ass sheet, as drawn, which require little or no surface treatnent.

O her objects include nethods for preparing such SUbStral%(ﬁle (ggﬁ) ds for
prepari NYORYEME4i ¢ nedi a conprising such substrates and ¥ i ng
magneti ¢ nedi a products of such processes. Upon further study of the
speci fication and appended cl ains, further objects and advantages of this
30 i nvent i onAatdrdingéc oheinappameintiuties:t hose skilled in the art. 2 WO ‘
01/50464 PCT/ USOL/ 00229 Accordingly, the invention includes: A substrate
for a magnetic nmedi URFPHeRIre@aEndmnBedyin PECRafehbironra ghsssheerorgen dr awn
froma s icul ) redn.: ass sheet. has the
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subsequeiiowi StoptaRe, s @akiEin tHel ASBSMdrAY PR CHARSt aB?rsﬁﬂ)s%ngx&'il y <_ 10
m crons, waviness |ess than 100 angstrons, particularly |eSs than 40
angst r opwfacettigRbhgméss variation - 20 microns, particularly 15 microns, and

surface roughness, lLess than 10 uinggtr ns, particularly less than 5
angstrons. 100K SAHSHTERY REERCUHATRE S A PETM8di um wherei n the substrate

surface 1s PLavifRdesthi GAGINALAS SHEAR PIRRAL APakBlhy, Dy touch

pol i shing and cleaning o gl ass eet as drawn from a Sl ot downdraw

process. A sthiddnestariadodas 20 niednabmyecuMyich 1S nfiefong, &i@r d di sk drive,
particularly wherein the substrate is in disk shape and has a nagnetic
| ayer ther eofHrfacs reughaessoless BrangdOangstroms Paglicdy ieghérnd angdiremsubst r at e
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20 | essdtahanrdf asshgstommdsaw pracess, to any surface treatnent subsequent to
drawing fr omt he ?Al s?l%)stractlg g\g]ggsg}livbepdr z?b%%g SWhiCh is for a hard disk drive, particularly
wherein the substrate is in disk shape and has a magnetic layer thereon.
15 - A method for preparing a glass magnetic media substrate which cornpriées:
drawing é glass sheet from a slot downdraw process, and
cutting said glass magnetic media substrate from the glass sheet.
- The above method wherein thé substrate has a flatness < 25 microns,
waviness less than 100 angstroms, thickness variation + 20 microns and surface roughness,
20 less than 10 angstroms, prior to any surface treatment subsequent to drawing from the slot
downdraw process.
- The above method wherein the only treatment which results in removal of
glass material from the substrate surface is touch polishing and cleaning, preferably where
the touch polishing decreases the total thickness of the substrate by a maximum of 0.02
25 mm, preferably a maximum of 0.01 mm.
- A magnetic medium comprising a glass substrate prepared by a method as
described above and a magnetic layer, particularly wherein the magnetic medium is a hard
disk drive. |
- A method for preparing a hard disk drive having a glass substrate which

30 comprises:

drawing a glass sheet from a slot downdraw process,



The above nethod wherein the only treatnent which results in renoval of

glass material fromthe substrate surface is touch polishj eani ng,
pr ef er abWQ O46¢  t he touch polishing decreases the tot aﬁ%g‘ﬂﬂ’@g of the
substrate by a maxi num of 0.02 25 nm preferably a maxi rumof 0.01 nm A
magneti c medi um conprising a glass substrate prepared by a nethod as
descri bed abewenaadisk eyt glassiskpets | particul arly wherein the nmagnetic

mediumis a hard disk drive. . A nmethod for preparing a hard disk drive
having a gl agogcgﬁﬁléﬁll?%aé’d\/ﬁ\rg?wg%désg‘rrﬁ}“?ses: drawi ng a gl ass sheet froma
sl ot downdr ayy43;R€ @S$8agnetk pytﬁgﬂgﬁ BEFILS01/ 00229 cutting a disk from
the gl ass sheéet’, touclh polishing and cleani'ng the disk, and applying a

magnetic |layer to the disk surface. 5 The raw naterial glass used in the

sl ot downdraw process to prepare a glass sheet for use according to the

i nventi on cakPhEVSBIREEREAIaST &l dn Wicddohdandrgw proagss eriirgpase afmdass skeet as a
substra for eric_nediu owever, . it is.preferred that t | ass
have fthéoe% ufsgﬁff%\gmﬁﬁ ?Oprhgﬁré\?etnggg&%ge \é\%gﬁf%gfm{ DT ity ¢ mi_@“ﬁl.s' ?)Pﬁglﬁ%i on
coef fi chentuthsir@®idPa hAgddR Medifm? hwdve; itYQPflﬂéﬁed@gPﬂhﬁ%lﬁE hQ¥e @ tenpering
of more than 65 Mpa d. density (g/cnB) of from2.3to 2.7 e. ehardness of
nmor e t hiotloB@g pikipériklesops Har dness, as per |1SO 9385 procedure) 15 It is

al so desirable that the glass;ﬁossess only small tenperature versus

vi scosity vafi at | GWEICAMEARHARIHY forming region in order to attain an

oI DLOCESS SR RRaph ST B R eher act e st o T
C. Young’s modulus prior to tempering of more than 65 Mpa
d. density (g/cm’) of from 2.3 t0 2.7
e. hardness of more than 500 HK (Knoops Hardness, as per ISO 9385
procedure)

15 Itis also desirable that the glass possess only small temperature versus viscosity variations
within the forming region in order to attain an optimum process achieving desired
dimensional characteristics. This is because control of the flow of the glass through the
slot during the downdraw must be uniform in order to provide a glass sheet of specified
thickness and properties.

20 - Non-limiting examples of useful glass include aluminosilicate, calcium silicate, zinc
silicate‘ and borosilicate glasses, the borosihcates being particularly preferred. Glass
fcompositions should be formulated to provide a functionally insignificant alkali interaction
between the glass subStrate and the magnetic layer(s) of the magnetic media. Examples of
useful glass compositions typically contain, on a mole % based on the oxide, 60-75% SiO,

25 0-12% B,0,, 0-17% ALO;, 6-13% NAZO, 3-8% K,0, 0-10% ZnO, 0-4% TiO,, 0-5%
MgO, 0-10% CaO, and 0-1% BaO. Minor amounts of As,0;, Sb,0, or other processing
aids mayr be incorporated for refining purposes. Specific examples of useful glass materials

are described in the following Table 1, together with the material properties thereof.
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sl ot during the downdraw nust be uniformin order to provide a gl ass sheet
of specified thickness and properties. 20 Non-limting e usef ul
gl ass i nMAMEuni nosilicate, calciumsilicate, zinc si f?’g&sgﬁ(gﬁ%)
borosilicate gl asses, the borosilicates being particularly preferred. G ass
.conpositions should be fornmulated to provide a functionally insignificant
al kali interaction between the glass su strate and the magnetic |ayer(s)
of the magnetic nedia. Exanples of %ﬁf | glass conpositions typically
contain, on a nol e% based on the oxi td&°60-75% Si 02 25 0-12% B203, 0-17%
A1203, 6-13% Na20, 3-8% K, O, . 0-10% ZnQ, 0-4% Ti 0210-5% MO, 0-10% CaO and
0-1 % BaO. M nor ampurft¥npIsitess Gyitatdp fer3he Popmntiesmw Progesssi ng ai ds may be

i ncorporated for refining purposes. Specific exanples of useful glass
materials are described in the following Table 1, together with the

mat erigléﬂa_sgﬁyoperti eSlashspeofluBinod Wb 04647iRCT/ USRE4-00229 . Tabli&ut.
Conpo€lassibesiogui t abl e for t Ricklewndr@ivicfE ocesgiHeassi: SReC

Al um no©Oxidal ci um Zi nc- Boro- Boro- Cal cium s%lcgsesi ?lgéa}tgi gir%f%%fel [ (%g]tcélte
SilicatMolgiohicate Silicate Silicate Silicate Oxide Mle % S102 61.7 71.46
67.13 69.77 74.44 73.73 B203 0.93 7.89 10.52 A1203 16.8 1.31 1.78 2.69
Na20 12.2 8.07 9.07 6.75 9.05 8.17 K20 4.1 6.28 6.33 4.79 4.87 5.65 2znO

2.77 9. .74 3.34 Ti02 0.8.0,32 0,49 3.28 0.16 0.20 0 3.7 4.50
3loby 51 7796 & 19 0 &,,M 74.44 7373

B203 0.93 7.89 10.52
A1203 16.8 1.31 1.78 2.69
Na20 12.2 8.07 9.07 6.75 9.05 8.17
K20 4.1 6.28 6.33 4.79 4.87 5.65
ZnO 2.77 9.60 4.74 3.34
Ti02 0.8 0.32 0.49 3.28 0.16 0.20
MgO 3.7 4.50 ‘
Ca0O 0.2 9.67 0.02 023 792
BaO 0.67  0.88
As203 0.5 0.08 0.09
Sb203 0.04 0.06 0.09 0.07 0.13
Properties
Chemical Yes Yes Yes Yes Yes Yes  Yes
Temperability
Exp. Coef. 35-100 86 96 96 72 83 94
"10-7C-1
Youngs Modulus
Mpa prior to >65 73 72 69 73 82 72
chem.Tempering
Density 2.3-2.7 25 2.5 2.6 2.5 25 255
gm/cm3
Hardness HK >500 595 511 n/a 590 610 540



Ca0 0.2 9.67 0.02 0.23 7.92 BaO 0.67 0.88 As203 0.5 0.08 0.09 Sb203004

0.06 0.09 0.07 0.13 Properties Chemcal Yes Yes Yes Yesdy(%slgg(
Tenper abVOiRGM64p. Coef. 35-100 86 96 96 72 83 94 "10-7 BUNGE I\/bdul us
Mpa prior to >65 73 72 69 73 82 72 chem Tenpering Density 2.3-2.7 2.5 2.5
2.6 2.5 2.5 2.55 gnicnB Hardness HK >500 595 511 n/a 590 610 540 5 WO
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where the_channel has weirs open at the top along the ngt
channel S“éﬁc%B’torRe’é%eéleér hg dusipmdowndrew nrheese hsasreedrafving @nk g Melanes gt ass
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surfaces Jjoin at this edge to forma single
overflows the weirs and flows by gravity down the outside surfaces of the drawing tank.

10 These outside surfaces extend down and inwardly so that they join at an edge below the
drawing tank. The two flowing glass surfaces join at this edge to form a single flowing
sheet, i.e., they fuse. The general features of the fusion downdraw process are described,
for example, in U.S. Patent Nos. 3,338,696 and 3,862,609 thevdisclosures of which are
incorporated herein by reference. The references indicate that the advantage of the fusion

15 - downdraw method is that since the two films flowing over the channel fuse together,
neither outside surface of the resulting sheet comes into contact with any part of the

- apparatus and, thus, its surface properties are not affected by such contact.
The slot downdraw method, schematically shown in Figure 1, is distinct from the
fusion doWndraw method. According to the process, the molten raw material glass (1) is

20 provided to a drawing tank (2) which is heated by resistance heaters (3). The bottom of the

- drawing tank has an open slot with a nozzle (4) extending the length of the slot. The glass
flows through.the slot/nozzle and is downdrawn as a sheet (5) therethrough and then
through an annealing region (6) by a drawing machine into a continuous sheet. Compared
to the fusion downdraw process, the slot downdraw process has the advantage of providing

25 a thinner sheet of glass having the desired properties because only a single sheet is drawn
through the slot rather than two sheets being fused by the fusion downdraw process. In
particular, the slot downdraw process advantageously provides a substrate with a thickness
of from 0.03 to 1.9 mm, although a thickness of from 0.8 to 1.1 mm is preferably |
applicable for hard disk drive substrates. Applicants have discovered that, although the

30 glass obviously contacts the sides of the slot/nozzle, the process will provide a glass sheet

of excellent surface properties for magnetic media substrate use.



sheet, i.e., they fuse. The general features of the fusion downdraw process
are descri bed for exanple, in U S. Patent Nos. 3, 338,69 , 609
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references indicate that the advantage of the fusion 15 downdraw nethod is
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In particular, the slot downdraw process advantage y p es a

subst r adiepley subskatehag Resesibed by IX. (Ruett@er0 Slise TecBnatogy Hitérnamigial ayédilgkness of
from0.8 to. 1.1 mnmi ef er apl applicable for hard disk drive
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use. 6 ré@réibed BRGSO e bilicofQlrb Admgans widl@Rlaad seipsdr A48 aaccor di ng
to the invention, the slot downdraw process nust include tight control over
t he vi SEWSTIASPPstible agd dslly minedrig theheragiing @pnkentMesnaderssush arh exenghifet
formati.on; see the sch tic.of Figure 2. Thus, the ability to forma sheet
and pr1833|05§g?rh Oraeé@ﬂpgeg%é’dﬂs%ctge B&E‘ﬂ%ﬁﬁ@lﬁt}@%ﬁlﬁ%’&%@%@g}t fraciibecosity of
the gl agsefel t provided S in"the drawing tank, the viscosity of the glass
where sheet form ng takes place in the range between the form ng point and
the soft eni gispas discobed heBodtass, tangde@sqec ctadrigrerstict beboth the drawing tank

and the nozzle for the slot will affect the uniformity of the drawn product. The geometry
and height of the nozzle are provided such that uniform glass thickness over the whole
width of the nozzle and thus in the resulting glass sheet is achieved. The corner areas of

20 the slot and nozzle are particularly hnpbrtant. If the corner areas are too wide, the out-
flowing glass melt is too hot and will flow faster thanbthe melt towards the center of the
slot/nozzle. If the corner areas are too narrow, the out-flowing glass melt will cool too fast
and flow slower than the melt towards the center. In either of these events, stresses will
occur in the glass which will distort its properties.

25 Further, the viscosity can be affected by heating. Thus, both the drawing tank and
the nozzle are preferably capable of being adjustably heated in different zones, preferably
by direct resistance heating.

It is also of importance to control the temperature of the drawn glass sheet after it
leaves the nozzle. After leaving the nozzle, different forces influence the conformity of the

30 glass sheet, e.g., the downwards directed tensile force generated by the drawing machine,

earth’s gravity and the surface tension. Thus, it is preferable to have a pre-annealing



viscosity during annealing. It has been discovered that the slot downdraw

process for preparing flat panel display substrates as i y D
Boet t gerWO@/80484 Technol ogy I nternational, Year 11X 10 no.&iﬁ%tﬁ@ﬂ ~August
1998), provides useful teachings for preparing a glass sheet useful for
magneti c nedi a substrates according to the invention; it is, thus,
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different z ~.preferabl by direct. resistance heating. It is also of
i mport ance %&%8% \;a(g}a%%e-t ?gr%}é(rrogflﬁaéhﬁlarﬁ%ét gsmro@ﬁa sheet after it

| eaves the nazzkeougNneq! 1dseMEnND dd36iraZ Z)Ricdhdllf s8Manf PLLRT QS | UENCe the
conformty of the 0 gl ass sheet, e.g., the downwards directed tensile
force deesenatued atpyddat¢renidatdevacrgrdiag b kegwemethods, greaws syandards fdre sur f ace
tensi on. Thus, itl is pref er;aﬁl e to have a pre-annealing 7 WD 01/50464
PCTI USBEADGSESUTIReRFOPERG 8T Hefj RIGEnErRIan fulisHatey! assdessbst ing¥hMF Dilp- | eaves

th8€ N0ZZdEhy SHRARISEN! e tali€ (OPHE flatness, waviness and roughness properties is

demonstrated in Figure 3 wherein it seen that the actual traced profile has components of
flatness (i;e.,,yariation over the whole scale of the surface), 'waviness (i.e., variation from
complete smoothness on an intermediate scale) and surface roughness (i.e., variation from
complete smoothness on the smallest scale).

20 ~ With ﬁroperties within the values described above, the glass sheet can be cut into
blanks suitable for magnetic media with little or no surface treatment. For instance, the
glass sheet can provide a blank for magnetic media which only requires touch polishing and
cleaning before application of a magnetic layer. Because the glass sheet already has
superior surface properties from the downdraw process, additional surface treatment steps

25 can be avoided, e.g., flattening, grindihg, lapping (sand blasting) and/or heavy polishing
steps. Thereby, a great savings in time and elimination of additional apparatus is achieved.
This 1s particularly advantageous to magnetic media manufacturers who purchase blanks
and prepare magnetic media, particularly hard disk drives, therefrom. Further, there is a
savings associated with not having to form as thick of an initial glass sheet because less

30 material is removed by the above-mentioned surface treating steps to form the final

product.



conventional annealing step can be conducted. The annealer is necessary to
qui ckly cool the glass sheet in a controlled and unifor r
Addi ti onWQ8}/50468e vi scosity of the drawn gl ass sheet hag}gﬁggﬁémlzzr?creased
such that it holds its desired shape despite the above 5 discussed forces
being applied to it. The draw ng machi ne used can be fromthose

conventi onal | g known for thin sheet applications. According to invention, a
gl ass sheet i 8¢ BYERIMERIOHIdER a4 YanIaBEoRn ERBOBISS Vo thtaBethpd efprephung dawndr aw
process i j.or face.properties, preferably: flatness _< 25
m crons m\gg}éeﬁ{al @@%%Gﬁfgg’_l@%#%ﬁ%ﬁg : {hfg"“ }?g&i Cﬁésg §uﬁsé§1§es_t‘ﬁ%/{ﬁ pi@@r%fln@ét rons,
parti CUFiﬂJcbsSéesi RSSIvidraRrdtheangals $eB: andlsibekines die Lddss bR v%gmm crons,
particularly 15 microns, and surface roughness, Tess than angstrons,
par t i cuflatdnyng aslssurfienmddHpiggtstapsso providesesutatraesyidr aledehte prbpuatitsefor

acgordi fr}]g t 0. known pet hods, such as standards for measuring surface

pr dper t EELGE TR§d3- S‘S‘Pféqateaipéiﬂaéiﬁ ABEdiR G 10epPliganty] B sTIDR |0 1Pt SEMIreD15 15

1296 by aSEMind 229 heaw i the fl atness, wavi ness and roughness
pr opertlﬂes |ns° ajr%emr?sat}Fg%rlg%%it%a |ggnt.t1're 3 wherein it seen that the actual

traced profiheshas omHdasJoOhnaghdiRINERS cdl beprep¥REifAin ek AN&MshEhgsWwhol e
scale of the surface), waviness (i.e., variation From conplete snoot hness
on an | ftasnEen diedesrdray paprtsswithdisde pong findss stifac. reamentat Therblimam
compl ete srmot%ggss Bn fhe srm}l%blgest cale). 20 Wth properties within the
val ues HESETHEEHTARJUR SlashEheg) s SeRykRaw Bithp arte o expmblep thenglasssiirtan| e

f magpet:i j I; i . QF f g - nce, the
glqgss sﬂgel%t%cugﬁg{)@g\\%lggg Sgb%% gﬁl k&f%r gﬁg}é%ldett%ggth%\g?g%tgﬂgagéﬁ%/ﬁ?éﬁui res

t ouch pldtivstii eagh ahett, prefaatilpgdipetdreempphta atlitentnks af pRgNGtets wiayer .
Because, the gl ass sheet already has superior surface properties fromthe
downdr aW!§51e81BE 42y CERIE thedrillegiup feuE Bietquisd rdiameter op ghexdsicami Be insids ded,

e.g., fil. iLpg,. arinding. | appin sand bl asti ng) d/ or. .heavy, poli shing
o9 "UabaDLre, GEndlngy danel e eand, blastingn andorcany, pol s n
appar at gifmbes oAetks veelultiplibd Sy ke ﬂﬁﬂﬁér%'éﬁéé@’irﬁ#ﬂ&@ﬁ%ﬁ&?gﬂ&i QneRggetic media
manuf acturers who purchase b?lanks and prepare magnetic nedia, particularly
hafd dimknlbriof ésks phendeidrppmonéaperagon of Helmgiasstack. saldrngsveapsiriiiaged with

not havi,nlg to formas thick of an initial fql,ass sheet. because | ess
disks may be laser cut from individual sheets to prefinished dimensions. The invention is

preferably applied to making disks of any size currently popular in the industry. Current -
'popular sizes include what are termed disks for 5.25,3.5,3.0, 2.5 and 1.8 inch drives.
The actual dimensions of the disks for such drives are as follows: 5.25 (OD 130 mm, ID 40
20 mm), 3.5 (OD 95 mm, ID 25 mm), 3.0 (OD 84 mm, ID 25 mm), 2.5 (OD 65 mm, ID 20
mm) and 1.8 (OD 48 mm, ID 12 mm). However, the invention is not limited thereby if
different sizing is required. After arilling, the disks are provided in cylinder stacks with
the adhesive interleaving layer holding the cylinder stack of multiple disks together. The
inside diameter and edges and outside diameter edges are preferably then polished while
25 being maintained in the cylinder stack and then cleaned to remove polishing compound.
The resulting cylinder stacks of blanks are ready in this form to ship to customers and
provide the distinct advantage that the customer need only separate the blanks from the
cylinder stacks and subject them merely to touch polishing and cleaning to provide a
substrate for application of a magnetic layer to prepare a magnetic medium, particularly a

30 hard disk drive.



30 material is renoved by the above-nentioned surface treating steps to
formthe final product. S WO 01/50464 PCT/US01/ 00229 The invention

pr ovi deswadasniageous econom es in the nethod of prepari n§CEHUSBIREYnet i c
medi a substrates. As discussed, the known gl ass substrates were prepared by
processes involving formng a gl ass sheet and subjecting the gl ass sheet to

[ fl [ : £ yi t t 1 d bstr at ith
adcauat e pr ontr Ly aerd o g L BT oM el T RR L L e B Hedoptnng o

appl i camethibds fov ehérhionl-gectaaical gslishing (OMPY §8RY DGednE/RidNRAVYSY fLace
treatnment. As stated above, blanks tor magnetic nedia can be prepared from

the gl aRYisBiRe&pmagundyy Himdefipwined Water onded magsspreoppéisd by tlpladtict(k . or no
furth f t . The bl ank . epared f the gl heet b
steps. KO ool R Tog o lfapb Bt cndisg rRbShEn seult & auvoutimat 0
ungf or %Xteﬁﬁlzr@ﬁl)oﬁleﬁ%e?er‘ﬁ'gliy%ea?&ioﬁti qgﬁpﬁﬁa&g&h&{thg\ﬁdﬁ%&oﬁ@&ft erl eaving

| ayer between each sheet; preferably adhered to eac ™he stacks of

gl ass sprefetadblyd 100 minntembaavFar@xhapr 8 diskeoft hemdrhick @8h bO Pl édh@ out si de
diameter of the disk and the inside dianeter of the cente o?e f the
di sk. B8 RAERINE 4/ 1pd bimtigkiblankteramiaykonih) O mmuthivénessfof dizsdssali S

mul tipld nunber of sheets in the stack to provide the total 15
nunber %@ﬁ%@éﬁg%&?ﬁcaed per one operation of drilling a stack. Alternative

to drilling,Eitdt s&kSrd6yaRe tha isHh [ aTc Yy o_prefj.ni shed
di nrensions. The invention is ﬁ’g?%?%??ﬁ#;%g?‘?éﬁ ’?glsggﬁg%%gos%@ﬁé hlgny
si®e cuhankato ghepaipalltampénmng foe siraniisemiyg. The teenderingdpubaductidzgskioksl ude what
are termag Cgi fks for 525 3.5 3.0, 2.5 and 1.8 inch drives. The actual
di mensiBROGT 1aTHEagP sk 8Y iisAtag B gated ddanks evidka heatebspdutian oBiiobgi®G nm | D

40 20 . . 8 |D 2 , 2.5 (0D 65

m lDd;‘é?Iarﬁ% %g%c?? 91%3 t%%fg 1§l?1§11 l e%%s‘%s#rg%ﬁb&%%m Cﬁeg’ien%ﬂ?ril% i(s not

i mi t edolubien ey dohtailiddienenE psiaziing ibss ‘ﬁvﬁﬁﬁi\ﬁiﬂ?fepl'ﬁxfzé,%E#Eﬂi‘bél%,nlgcf]iutn{"e di sks
eavi ng

are provided in cylinder stacks with the adhesive inte avi ayer
hol di ngn Kediewp ippgdairthe swrdiceoff teuglasspiteisdpbkmgttbe erfee.in Thmprdsiishde di anet er

Ayl edges ang QgL U8 ol AT R R For e L Y ed ST DOy Shed whi Te
suitable substrates »for application of a magnetic layer to provide a magnetic medium,
particularly a hard disk drive. The magnetic layer Can be provided, for example, by known
methods. For instance, this is typically accomplished by sputtering of one Or more
magnetic layers, optionally after spﬁttering of one or more underlayers, and a protective

20 layer over top of the magnetic layer(s). Glass substrates provide an additional advantage
over aluminum substrates here because glass can accommodate a higher range of
temperatures without losing its shape. Thus, a greater flexibility is provided to use
sputtering steps which may reciuire greater temperatures.

The invention thus provides a more economical process for preparing glass

25 substrates for magnetic media which avoids disadvantages encountered in the art.
Particularly, the invention provides a method for preparing glass magnetic media substrates
which require significantly less processing suﬁsequent to drawing of the glass sheet to
prepare magnetic media. Also, the invention provides the glass substrates prepared by this
process, and magnetic media based on such substrates, which have advantages over the

30 previous glass magnetic media substrates and media therefrom because the substrates are

not subject to the subsequent processing steps which may affect their properties.

10



25 being maintained in the cylinder stack and then cl eaned to renove
pol i shing conpound. The resulting cylinder stacks of bl ady in
this for 6ggﬁfp to custoners and provide the distinct a Jgﬁngéﬁkhat t he
custoner need only separate the blanks fromthe cylinder stacks and
subject themnerely to touch polishing and cleaning to provide a substrate

for appli catTRnedire aisbRERRLIr 1l BYBLarkA FRA 8P T000 IC 1%%
particularly a 30 hard disk dﬁ?geflb vE%51 50&%% %@of?%gé a?ﬂe t ouch
pol i shibrjow als Hereby onciuptrettdly defevsmrenet hods. Preferred are the known

met hods for chem cal - mechani cal polishing (CWP) using a cerium oxide
aqueous slurry polishing conpound with de-ionized water under pressure

lied b i Q. | yvinyl, .al ). . pad. The t h | i shi
e e bl o EBRARE el ind asscr BRI LM BERE: bR end DS R BT Lr ) 20
resluct i @gential ¢rertskitekKN@SSinOéntiocatindi Skinofit &pQ&imomHﬁ@E@FiSQ%&fsc%pg’l Em
ed by touc

at nost.. For exanple, a disk of 1.0 mmthick can be provi

pol i shitAgreef, can maie varivushihakgdsl aad knadificaiony of drel iptvéntdh tomadaguiicloesouof
material fromthe .blank surface. Either before or after the touch

pol i shi'tges® n@%ﬁﬂﬁ&?@ﬁ, it is preferable to subject the 10 blanks to

chem cal tenpering for strengthening. The tenpering is conducted by known
met hods, for exanple, by treating the heated bl anks with a heated sol ution
containing ions of a larger ionic radius to replace ions in the glass
surface. For instance, the tenpering solution nmay contain sodi um and

pot assiumions which will replace, respectively, lithium and sodiumions
at the surface of the glass, thus, placing the surface in conpression. 15
The bl anks, preferably chem cally tenpered, touch polished and cl eaned, are
sui tabl e substrates for application of a magnetic |layer to provide a
magnetic nedium particularly a hard disk drive. The nagnetic | ayer can be
provi ded, for exanple, by known nethods. For instance, this is typically
acconplished by sputtering of one or nore nmagnetic |ayers, optionally
after sputtering of one or nore underlayers, and a protective 20 | ayer over
top of the nagnetic |ayer(s). G ass substrates provide an additiona

advant age

11



over al um num substrates here because gl ass can accommobdate a hi gher range

of tenperatures without losing its shape. Thus, a greate ibility is
provi dedv@81/80464 sputteri ng steps which may require greatl;eq{/bgﬁf?&%tures.

The invention thus provides a nore econom cal process for preparing gl ass
25 substrates for magnetic nedia which avoi ds di sadvant ages encountered in
the art. Particularly, the invention provides a nethod for preparing gl ass
magneti c nedia substrates which require significantly |ess processing
subsequent to drawi ng of the glass sheet to prepare magnetic nmedia. Al so,
the invention provides the glass substrates prepared by this process, and
magnet We dadi:a based on such substrates, which have advant ages over the 30
previ ous glass magnetic nmedi a substrates and nedi a therefrom because the
substrates are not subject to the subsequent processing steps which may

ff hei i ' 0229 h [
gi sgfgshrgl {)'f pgﬁﬁ%gégﬁﬁ?%g%}%on ,n%éé?ge;éﬁl ;%n En%%#@%é%a ‘%IS?'FSS, egti cﬁ@%ﬁ&%&e and

bel ow, 3 k5t ey @iywipisspor ated by reference. Fromthe foregoing description,
one skilled in the art can easily ascertain the 5 essential characteristics
of this invention and, w thout departing fromthe spirit and scope
t hereof, c ma vari-ous changes and.m)dificathi orhsjl of the invention to

o 5%

adapt 11 10 var 1 Do rEHgel B O dof=t oot 04 spidiser) Usol/ 00229
Ve cl a}?%erﬁes,'%s%‘x‘mﬁ FRLEhE Qo AoWRGDEGS gxcocé%ceu/is b ?@ﬁk?sgglgeir:nl?gﬁr’?a lass sheet

dr awn m a sl ot downdraw process. ubstrate o aimT, wherein
t he glwssmemieet has the followng properties, as drawn fromthe slot
downdr aw process w t hout any subsequent surface treatnment: flatness _< 25
m crons, flatness < 25 microns,

waviness less than 100 angstroms,

thickness variation + 20 microns, and

surface roughness, less than 10 angstroms.

3. The substrate of claim 1, wherein the glass sheet has the following
properties, as drawn from the slot downdraw process without any subsequent surface
treatment:

flatness < 10 microns,

waviness less than 40 angstroms,

thickness variation + 15 microns, and

surface rdughness, less than 5 angstroms.

4. The substrate of claim 1, wherein the substrate surface is provided with
adequate surface properties solely by touch polishing and cleaning of said glass sheet as

drawn from the slot downdraw prbcess.
5. The substrate of claim 1, wherein the magnetic medium is a hard disk drive.

6. A hard disk drive which comprises a substrate according to cléim 1 in disk

shape and a magnetic layer.

12



wavi ness | ess than 100 angstrons, thickness variation 20 mcrons, and
surface roughness, less than 10 angstroms. 3. The SUbStrathll'fﬁ%m? iml1,
wher ei n WOBI/3Meks sheet has the following properties op 3m t he

sl ot downdraw process w thout any subsequent surface treatnent: flat ness
< 10 m crofps, i

m crons, ag-{:l]' s\ﬂ&?&%&f?ﬁg’%ﬁ’é‘?@g@ gg%ssq? n{lg%gegéas%@g%@%ﬁﬁchrﬁ&ﬁéwbst rate of
claim 1, whanweing 4 plassiiest ftehe sSetrdosarlring ppoceys,dad Wi th adequate surface
properties solely by touch polishing and cleaning of said glass sheet as
drawn from Cfurﬁféﬂ%ﬂéﬂ g@éﬁ/\ﬁé@%@%&@ﬁ“@@ frore tBYBR6T Heet- of claim 1, wherein
the magnetic nmediumis a hard disk drive. 6. A hard disk drive Wmch

conprises a substrate according to claiml in disk shape and a magnetic
layer. 12 V) 01/ PRABAHBEHE LRk /7003REin the s%b@@&t@%% Eﬁéffo%\%ﬁ% regerﬁ gl ass
magneti c nedi a substrate which conprises: drawi ng a gl ass sSheet ?roma

sl ot d;omwrdoawwpumfwstsqatraﬂd sobretjileTy t dravigh desn rhegriet doovreali araoelsst rat e from
t he gl ass eet. 8,_The nethod of claim7, wherein the substrate has the
fol | owi ng %B"e*rst—l %%mlcﬁPPsor to any surface treatment subsequent to drawing

fromthe sl‘ggwg%\émgg%npf@ %gﬁ mgl atness <_ 25 mcrons, waviness |ess than
100 angstrons, ckness va I'on 20 mcrons, and surface roughness,

| ess than. h@lo@cﬂ@sﬁtvragaﬁon 9. 20 hecrord,he@d of claim 7, wherein the substrate has
the foll owi ng properties .
surface roughness, less than 10 angstroms.

9. The method of claim 7, wherein the substrate has the following properties
prior to any surface treatment subsequent to drawing from the slot downdraw process:

flatness < 10 microns,

waviness less than 40 angstroms,

thipkness variation + 15 microhs, and

surface roughness, less than 5 angstroms.

10.  The method of claim 7, wherein the only treatment which results in removal

of glass material from the substrate surface is touch polishing and cleaning.

11.  The method of claim 10, wherein the touch polishing decreases the thickness

of the substrate by a maximum of 0.02 mm.

12. The method of claim 10, wherein the touch polishing decreases the thickness

of the substrate by a maximum of 0.01 mm.

13. The method of claim 7, wherein the glass magnetic media substrate is cut

from the glass sheet in the form of a disk and is a substrate for a hard disk drive.

13



prior to any surface treatnment subsequent to drawing fromthe slot downdraw
process: flatness < 10 microns, wavi ness |ess than 40 angstrons,

t hi ckneswowassp4sdi on 15 microns, and surface roughness, PeB¥SQH¥R2%S
angstronms. 10. The nethod of claim 7, wherein the only treatnent which
results in removal of glass material fromthe substrate surface is touch

pol i shing and. cl ganifeehodlol.clathe7, neidieid Oplufdiidy BF dHeets TN Q% Ard maﬂg‘ég(ﬁg
pol i shing decreases the thickness of the substrate by a nmaxi numof 0.02
mm 122 stAgk agsthiso o idfancidapsiyel Bitenvdawingi layarlie beowesh epdi $tehi agl phrdages t he

thi ckness. of the substrate by a. maxi numof 0.01 mm 13. The net hod of
cl ai m ISR éfencuttﬁré?nb‘ §£acﬁééﬁéﬂr§e EHPESSBbstrate is cut fromthe gl ass

sheet in the formof a disk and is a substrate for a hard disk drive. 13 WO
01/ 50464 PCT/ USOL/ 00229 14. The nethod of claim 7, wherein a plurality of
sheets of glass Fhenmthodngethims7,avisdrainkhé gred mapnstictiiedn seskhas 48 a
interleaving | ayer in between each sheet and a plurality of substrates are
cut fr8Hekoee RO thld mmagl e cutting step. 15. The nethod of claim 7,
wherein the gl ass magnetic nedia substrate has a thickness from0.8 to 1.1
mm 16. The- nethod of claim7, wherein the glass magnetic nedia substrate

has a thi ckgessThé AR cifimlz, QviBRein ke g’ﬁss{‘ﬁﬁ@ﬁé}fcgnegﬁ?ggﬁlm&%%@ ,Sing a

gl ass substrate prepared by the nethod of ™ claim nd a magnetic | ayer

t her eothickn8ss ffomdgPietol c9medi um conpri sing a gl ass substrate prepared by the
met hod of claim 10 and a nmagnetic |ayer thereon. 19. The magnetic nedi um
of claim17, wherein the magnetic nmediumis a hard disk drive.

17. A magnetic medium comprising a glass substrate prepared by the method of

claim 7 and a magnetic layer thereon.

18. A magnetic medium comprising a glass substrate prepared by the method of

claim 10 and a magnetic layer thereon.

19. The magnetic medium of claim 17, wherein the magnetic medium is a hard

disk drive.

20. A method for preparing a hard disk drive having a glass substrate which
compriées:

drawing a glass sheet from a siot downdraw process,

cutting a disk from the glass sheet,

touch polishing and cleaning the disk, and

applying a magnetic layer to the disk s_urfaée.
21. The method of claim 20, wherein the only treatment which results in

removal of glass material from the disk surface after drawing of the glass sheet is touch

polishing and cleaning.

14



20. A nmethod for preparing a hard disk drive having a glass substrate which
conprises: drawing a glass sheet froma slot downdraw pr ting a
di sk froKPOH&M#t ass sheet, touch polishing and cl eaning ?ﬁ%’:‘s ic’oslkof&%nd
applying a magnetic layer to the disk surface. 21. The nmethod of claim 20,
wherein the _gnly reatgﬂant which results in renoval of glass material from
the di sk surface ‘@CTRFNS AR &f, VhEeH e soushawlishisg decrchses pied ihsdkineg and
cl eani R@ el M /00229 22. The nethod of claim 17,
wherein the %o cg po%‘gﬁioﬁgéegﬁ?%ases the thickness of the disk by a
maxi mum of 0.02 mm 23. The nethod of claim 17, wherein the touch polishing
decreases the thickness of the disk by a maxi numof 0.01 nm 15

2 The method of claim 17, wherein the touch polishing decreases the thickness

of the disk by a maximum of 0.01 mm.
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