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1¥EDGE,,STRENGTHENED SUBSTRATE OF A DATA STORAGE DI SK AND METHOD FOR

- FABRI CATI NG SAME FI ELD OF THE I-NVENTI ON The present invention relates
generally to data storage systens, and, nore particularly, to an edge
strengt hened data storage disk substrate and a nethod for fabricating sane.
BACKGROUND OF THE INVENTION It is well-known that a glass article may be
strengt hened by uni f orm devel opnent of conpreassive stresses within a
surface |l ayer of the glass article. A variety of known chem cal '

st rengt heni ng net hod EINEY S TRENCTHENEDO SUBSTBATEr OFgRhPATEH| STORAGE| ISR by

exchangi ng ions between the SUARBCRSTIID rdR ISmrdiddGhis e external ion

source. A conventional ion exchange strengthening process is generally
performed at a processing tenperature bel ow the annealing point of a-
particul ar glass specinen, and is often referred to as a | owtenperature
gl ass strengthening process. In accordance with a conventional gl ass
strengt heni ng nmethod, a glass article is contacted wwth a source of al kal
nmetal ions, such as potassium sodF&ELDoPFsTHEENVENTIONhi ch have
relatively large ionic radii in conparison to the radii of the dom nant

i ons, such as sodiumions or_lithiumions, of, the glass article.. At.:-a
processi ng tenperature bel oW‘FhErﬁﬁ%’é‘él’r’h‘@erite]r%brrﬁﬁlﬁtif%fg@r?é"aél]é’s?o
article, the stredgthestogaget hpstehs pcandyt esortehgaxtcirarigeriof, ttwe dmkediee

al kal'i or silver gEE@h?EBEﬁeEO&aEQes{&ﬁé Ve 9k sukfséz@!é Undl K 3lde iR al
lons in the surfaces of the glass article. signiticant problemassoci ated
with for fabricating same.

BACKGROUND OF THE INVENTION

It is well-known that a glass article may be
strengthened by uniform development of compressive
stresses within a surface layer of the glass article. A
variety of known chemical strengthening methods have
been developed to strengﬁhen glass articles by
exchanging ions between the surfaces of a glass article
and an external ion source. A conventional ion éxchaﬁge
strengthening process is generally performed at a
processing temperature below the annealing point of a
particular glass specimen, and is often referred to as a
low-temperature glass strengthening process.

In accordance with a conventional glass
strengthening method, a.glass article is contacted with
a source of alkali metal ions, such as potassium,
sodium, or silver ioms, which have relatively large
ionic radii in comparison to the radii of the dominant
ions, such as sodium ions or l%thium ions, of the glass
article. At a processing Eemperature below the
annealing temperature of the glass article, the
strengthening method effegtuates the exchange of the
larger alkali or §§lver metal ions for the relatively



ténventional ion exchange gl ass strengthening methods concerns an _
appreci'abl e degree of resi-dual warping in the glass article upon conpl-etion
of the conventional chemnical strengthening process. A noderate degree of
resi dual warpage nmay often be tol erabl e when processing glass articles for
use in applications requiring nodest |evels of surface uniformty, such as
in household wi ndow applications, for exanplg. In high-precision
applications, such as the fabrication of optical or nmagnetic data storage
di sks, however, esgalbeni abkaluwdtsaldfiond gageher shirihbessoderhat goassay
have catastrophic_ gggéfguences such as an irreparable | oss of information
stored on the dat Orage di sks due to uni ntended contact between the disk
surface and a read/wite trAanstaridic#itaprobd egersapcdatednwikb order of .

mcrons are typ'CétheHﬂﬁ&&£Ptf6HEéﬁdhéﬂg%hgﬁhgg sE&@ﬁbEhQHlﬁBphééﬁEagns A
nunber of gl ass strengthening techma&1|e| have been deyel o

specifically addr€S3Cthes r&t ARRARS RgeFees i Ze81aHR oWﬁFP}nSOFBrances
associated wi th ttikefabissadricld Wpakcohpledighass ahei ebasenvibaklle for

use in the manuf act uri o) nal netlz bl sks.
One conventi onal Sﬂéﬁﬁ%?h étﬁgg%iose%% ﬁrﬁ Patgn 8ﬁ§9£ge8g§g?g§ gk
(hereinafter the r@@.:adtml efRypades r@eh@falenybpeppésﬁﬁb&m vhenf pracesaingnt
state of the art @yam-mm& fort Risefl liat a pifiasesont ﬁeéﬁ§¥iﬁ§aﬁ8§eg£ass

article are subje te to chem cal stren enin osed in
the ' 106 patent, %ﬁéﬁﬁﬁp1€h§?¥§ F¥- |§ugpa€§dl?oP°%$$?8$étern1ned
time in a nolten wmmdmmlapplmdatmqndIQﬂ&%)ekamplheatmﬂ hibgh-peapishdnr e

el ow L he anneal | 6] ARG Gl U2 cBlARa28 LLELSn b opibdl Bbkvely
' bt g magnetlc data storage disks, however, even minimal

levels of warpage or flatness deviations may have
catastrophic consequences, such as an irreparable loss
of information stored on the data storage disks due to
unintended contact between the disk surface and a
read/write transducer. Flatness deviations on the order
of microns are typically unacceptable in such high-
precision applications.

A number of glass strengthening technigues
have been developed to specifically address the
relatively stringent surface uniformity tolerances
associated with the fabrication of disk-shaped glass

- articles suitable for use in the manufacturing of
conventional magnetizable data storage disks. One
‘conventional method, as disclosed in U.S. Patent No.
4,803,106 (hereinafter the ‘016 patent), is generally
representative of the current state of the art by which

. both of the flat surfaces of a disk-shaped glass article
are subjected to a chemical strengthening process. As
disclosed in the 7106 patent, a disk-shaped glass
article is placed for a prédetermined'time in a molten

- potassium nitrate (KNO,) bath heated to a temperature
below the annealing'tempergture of the glass article. A



génerally added to the [err] nelt. - Figures 1 and 2 are generally
Il lustrative of known conventional nethods for chem cally strengthening

di sk-shaped gl ass articles. The prior art disk-shaped glass article 25
shown in Figs. 1 and 2 includes an upper surface 50 and a | ower surface 52.
I n accordance with a conventional full-surface chem cal strengthening
process, inmmrersion of the disk-shaped glass afticle 25 into a nolten salt

i on exchange bath results in the production of an upper diffusion | ayer 60

and a | ower di ffus:quratllaesée_ @&amsgee&éﬁeégedﬁyab ¥ tAwNalpRer and
| ower surfaces 50 and 5 51?‘? sg ar@(ﬁ gu The outer dianeter edge
58 of. the di sk- sh &?61:}%% % bjected to grinding in

accordance with a known gri ﬁ‘dgngeﬁenhadd Tharé mmemblmtﬂlm@aﬁﬁfermf
al so be subject tq @b&gentlonalAﬁegﬁﬂa§t55E'éhéﬂfbafﬁ Ebﬁﬂg¥

di sk- shaped gl ass artlcl e 25 grocesse I N accordance W|t a con%\% al
i on exchange cheniddgk Gt AeAPRGAFELALRS cant e RITHOT R et %’tﬁ@d

I evfel s of disk surgfla@@ watpage. zsnsnle?ﬁr.&h F:%ée magitd lnie?riﬁlhxfdéelt dal di sk
surface warpage increases ongptia S the_ st th o e

“article 25 is inclr&&Sad! urr?aﬁgsggeend etg ‘?”r?ned‘%t; egsgubch cfonv cﬂq q oérf=1 ce
chem cal strengt hetithg amernydstyenal afuyl prwdiaee dilbmigtadp ettt xpngshenina| es
that experience vary-agsdegnpessdbnUsRcLRPtGRLE é&ﬂ"gl"!?é‘ SRR iy to

i ncrease the strength of the glass article 25 beyond communly recogni zed
standard strengt h1P§9elasm°FFePssﬁ?af-eH°¥h%?ECI&ﬂﬂPerhar%éqesd’éltfas SibrHe di sks
general | y exhi bi t predakiciehyofoun! aypés &ifRisisigtlaydre ¢ drte apﬂeﬁﬁit
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glass article 25 il &ngrasééﬁﬁﬁaﬁ 29 eandri2 BIIE the glass arthIe 2s.
The outer diameter edge 58 of the disk-shaped glass
article 25 is then subjected to grinding in accordance
with a known grinding method. The inner diameter edge
56 may also be subject to grinding.

As depicted in Fig. 2, a conventional disk-
shaped glass article 25 processed in accordance with a
conventional ion exchange chemical strengthening method
can result in unacceptable levels of disk surface
warpage. In general, the magnitude of residual disk
surface warpage increases exponentially as the strength
of the glass article 25 is increased. It has been
determined that such conventional chemical strengthening
methods generally produce disk-shaped glass articles
that experience varying degrees of unacceptable warpage -
when attempting.to increase the strength of the glass
article 25 beyond commonly recognized standard strength
levels. It is noted that .conventional data storage
disks generally exhibit relatively low levels of
strength due to the present 1nab111ty in the 1ndustry to
control disk warpage.
- In general usage, a data storage disk

fabricated using a conventionally strengthened disgk-
shaped glass article 25 includes a central aperture 54



4t configured to the dinensions of the hub of a spindle notor of a direct
access storage device (DASD). A disk clanping mechanismis generally

enpl oyed to produce conpressive axial forces concentrated around the inner
di anmeter 56 of the disk 25 . at levels sufficient to secure the disk 25 to
the hub of the spindle notor. The relatively |arge axial forces
concentrated near the inner diameter 56 of the disk 25 generally results in
the production of tiny mcrocracks 64 in the disk, which are known by those
skilled in the artohfiigussdt toathy dibakiteidie off rArgtHuboofa ac epiadilieonal |y
strengt hened data a [ e { ' t e ogcurrence
of m_crocracks 64m?’r§:8%e%grgl ?Er%%%egﬁ%%%u%c%%%a@reqﬁ%g R%}]Aégwdi a‘r}\r\e#é'rS%SG
of a conventi onal cdrgping meghanism R \Gengraltlyotemelayeshdce PXIOGUSE ons of

Strengthening met Eoqe Lot o T e et A ol The. droer

ni Ltr i | -
gener gl ly r egul t BﬁaB‘FEEfnagbBEhtg%r ’e@%szsbfatt ﬁ@vﬁﬁﬁ-sé’%gﬁé:&e&itagg article
25 into a state oberalrat thel disk ghs commrhes diute oft thes spihidder estbti.ngTheat e
of - hi gh conpr essi ¥Sl§£§$é§ygf§ﬁ%! %:Il/iéi‘cfo%%}ess c%t}ﬂ%e%fr%%h' h%aQf the

di sk-shaped gl ass articles %/ t1ng the devel opment of tensile
stresses on the s&ppgEediareter 3 2L W sk 2PhesacsRllyvedesnltfeinr t

gener ?l |t_y rlecogl[l} zate_t b@bdﬁhtﬁ%ﬁ gcbft -ty i’ﬂhCiQ:ﬁJ&.Q@c@c%' saté ﬁ%nghEeaheubpwa@eas
is relatively effectiye in inhibitin ss .article reakage.

di sadvant ageousl| y#ﬁdﬁ%@@u‘ﬁ%c‘é"éﬁ%b%%ﬁ%ﬁil? iRk &ar %5888\%2{%;513 when
attenpting to streaguhenthe skt reigipe dlsasonvenitdlons 1iyy stdeogtrhenkey
recogni zed standagg.st Leggide! S. _q%{yg;ﬁé%%t ' bl-¢

conput er - based sygsj}tg-te:rns,E gu%%_a‘?%e ﬁe opnent o%felt%g?‘gg%gkltaﬁé
conput ers, have cREFPERGREStPE MFRAFAURAE ¢F generally more

pronounced near the inner diameter 56 of a conventional

th :
paFm si zed

disk 25, but also develop at other diameter locations of
the disk 25.

It is generally recognized that conventional
glass strengthening methods that chemically treat the
entire glass article generally result in placing both
surfaces of the disk—shaped glass article 25 into a
state of relatively high compressive stress. This
resulting state of -high compressive stress generally
increases the durability of disk-shaped glass articles
by inhibiting the development of tensile stresses on the
surfaces of the glass article. Those skilled in the art
generally recognize.that this full-surface chemical
strengthening process is. relatively effective in
inhibiting glass article 25 breakage, but
disadvantageously induces unacceptable levels of disk
surface warpage when attempting to strengthen disk-~
shaped glass articles beyond commonly recognized
standard strength levels. _

Advancements in ﬁortéble computer-based
systems, such as the development of notebook and palm-
sized computers, have challenged the manufacturers of

DASDs and other storage devices to produce systems



DASDs and ot her storage devices to produce systens 5 capabl e of

wi thst andi ng appreci able |levels of externally induced shock. Dropping and
bunpi ng a conputer systemw thin which a DASD is housed, for exanple, can
dramatically effect” the performance and service life of the DASD. Such

m shandl i ng of the portable conmputer systemtypically results in the
production of short duration shock vibrationg that are transmtted to the
sensitive conponents of the DASD, and severely inpact the operation and
service life of tbephE® 6DMpdfiesdsndidly wﬁne@ihwecaaeeua bf ek€ernally

durability of the, gaaéeahﬁ?]g&g' aﬁ% di sks 5’“‘“@ ngot‘_i‘atcggjl aEe IF?%J:(\&/SI y
Te

hi gh_rates of rot atTon. W grng
speci fications fowithia whichge mg-ajéml@e@d ffor ssempﬂ»epopaabl e conput er

systems general | yaspagtidalipi dBtecth e RYREAGRY BHHCSH)i8XCES8e 0bE
1,000 g. Corrpoundiaﬂ t he |nherent diffi Itles of fabri

in
sufficiently dura dAeh Shigihage n&#th&sBoFﬁagg?t gBi“BuE‘BFrput er
systens is the desyaﬂerplaypﬁcmHﬁA&Bumjwfmn:&neep&oauccmbhl ofiogRbyti ncrease

the data storage gapagcily d&ﬁ? LE %ns' tx:ha% gﬁ@%?kh)[émiﬁﬁggntéegh hat

m ni m zing the cl eéarance S ween rea ransducer and the
data storing port#enssive d%@@@l%?t@@fdlt@ﬁ HARPr akng BEYSTELY iwpact

i ncreased recordlﬂﬂe é&fﬁh ddd iserdlive aBpeceiratad Dﬁsbhéoa@éneﬂ@@ever

that the fl atness of storln surface of .a djs s.a crit,cal

factor and design _constral ?é‘? RGr8 ﬁFth‘FzgufﬁBnﬁbﬁ’n% the

transducer -t o- di séiskeshaped gjlassard:sxsl tthla$ amei copated aharglatlvely

transducer-to-di s %hefé@é@eoﬁdr% kv’lt?h'l‘ﬁ Eﬁ@gﬁAE?,? g_@ﬁénat ely 30 to
econe stan % ge3|

60 nanoneters w | gn paraneters u ure
hi gh- per f or mance, ER#EIIng oFen ¥aRk gt yDABES L1 fACat ions for data storage

disks designed for use in portable computer systems
generally specify minimal shock resistance values in
excess of 1,006 g. Compounding the inherent
difficulties of fabricating a sufficiehtly durable glass
data storage disk for use in portable computer systems
i is the demand placed on DASﬁ manufacturers to
continuously increase the data storage capacity of such
disks. It is generally recognized that minimizing the
clearance distance between a read/write transducer and"
the data storing portion of a data storage disk
generally provides for increased recording densities.
It is also appreciated in the art, however, that the
flatness of the data storing surfacé of a disk becomes a
critical factor and design constraint when attempting to
minimize the nominal transducer-to-disk clearance
distance. It is anticipated that transducer-to-disk
clearance distances in the range of approximately 30 to
60 nanometers will become standard design parameters for
future high-performance, small form factor DASDs. A
significant decrease in trénsdﬁcer-to—disk clearance
provided by the use of highly uniform recording surfaces

can advantageously result in increased transducer

po



sfgnificant decrease in transducer-to-di sk clearance provided by the use of
hi ghly uni formrecordi ng surfaces can advantageously result in increased

t ransducer 6 readback signal sensitivity and increased data storage disk
recording densities. It has been determ ned that conventional nethods for
chem cal ly strengtheni ng di sk-shaped glass articles, such as the nethod
disclosed in the '106 patent, for exanple, geherally produce unacceptable

| evel s of disk warpage, often terned coning, that render the disks unusabl e
for application i reladpaick sdbnadl eepasoiviryl ud t Hidreasad datra Stsimags

Mor eover, such corMent Hakah-adhasgeakl €084 heni ng processes require numerous
process steps and an appreciable nunber _of hours_tq conplete, typically on
the order of sixteen to thirty ﬁsugg?ntﬂ%%e?m%%s‘?w [%%Jé%falcost of
produci ng data st metpeddi fbx. chbhaiecadXy sstsremytt ten sy adidlorsigmpery stlems
manufacturing i ndushiyiackeenik hel bhDSAgkhoa RIS HR! A, S agdli sks
havi ng superi or breal%age reSistance and sUrface unrfornmty characteristics,
and a nethod for Pasentat Ry s¥aEPlehegenexakly productamanaaptadls ovi de

such a di sk fabriqakieds BEOEESR WHepa§ePSéAtEn &l ddmd®BGEP! A hahderc e
times and costs as coggg;(ed to Cﬁ%e tional_ chenjcal, strenqgt heni.ng:

processes. The pft&&e v EAEFBRIEUEPT | FRP IR AN di bt bdfd1abley
SUMVARY OF THE | NuBNDsOAntlt postablebrenputndr tdyes tpFnes.c ntMarecerd 0 such

anel i orate one OrcgﬁbgngkéﬁgiaBnggssfgengthening processes reguire
numerous process steps and an appreciable number of
hours to complete, typically on the order of sixteen to
thirty hours, thus increasing the overall cost of
producing data storage disks.

There exists in the data storage system
manufacturing industry a keenly felt need to provide
data storage disks having superior breakage resistance
and surface unifbrmity characteristics, and a method for
fabricating same. There exists a further need to
provide such a disk fabrication process that
substantially reduces production ‘cycle times and costs
as compared to conventional chemical strengthening )
processes. The present invention fulfills these and
other needs.



the prior art. According to one aspect of the present i pwvent
provi ded-a nmethod of strengthening a substrate of a data 'S"Htﬁra BEUIAR N
Use in a direct access storage system conprising the stieps oRERLBFES ng
'subst ant i all'y glass disk-shaped substrate defining a central aperture and
having an i nner diameter portion and an outer dianeter portion; applying a
strengt heni ng agent selectively to at | east one of the inner dianeter
portion and the outer dianeter portion of the substrate; and heating the
substrate at a diffusion tenperat SUMMABRY¥OOFarBH ¥NVENTIGN gl ass and

strengt heni ng agent; wherein heating the substrate diffuses the

strengt hening agent into the at | east one of the inner dianmeter portion and
the outer dianmeter -portion &het REesellst inient iR diliary edgeasbaragthsped: of

the-present i nventsuagtkaezaeoESapa@Ma%ﬁa@&ﬂé}@ldw ¢ mRitodekesd dat a
storage disk for

direct acc ss st or stem_.cqnprisi.n
di sk- shaped subst%ﬁgﬁ:‘fﬁ LpasPRAGS gl %aﬁe%nﬁgprgﬁggﬁaﬁé( t he
substrat e incl udi agpamednnersdlanee@rpcpxmtorm ofara @litsk-sthapedt glaperti on,
and an inter nedi agﬁbgtégeteeﬁop%&fe@sgeéne?%e&%sﬁ Hilledldlen B2 pen gagfuse ;

i nner and outer dianeter portions; and irst strengthéni ng agent -

into the i nner di HBFEEapBrt| &R oRe emPlifanty & ShFENGtRerAads pEERGt ASof

the inner dianet epréﬁékabmyoépphﬂed%ﬂg’ﬂﬁ | iShr@re ditinelttlean polte ishr eghh of
either one of the,.nter i amet.er rtlo ﬁ%dthe outer .di a

portion of the suffsf a?gepf& c%}?if% ‘E%Sts% : e, sﬁchrSft‘eFﬁgEHr esent
i nvention there i mipedvividtd theli s@mngmtﬁmmgstagﬂge toediigdthihengohility

housing, the devigg Eﬁapélt;éhf'gtoatﬁé"é@é‘ctf@ Q82U R Sthel@ ! B%rh%ﬁ' 8g. an
actuat or novably npunted housi n a transducer nmounted to-

actuator; and a chBfi E4PFyTate AYT IR i tE ngi PFOFEFAt | na'h?o t he
spi ndl e ot or, cogpagsi ngsaraltekxshamd Iedrsd ale ac Aifffusiiog gl ass and
defining a centra I i L dia ;
portion, an out er‘:ﬁﬂgg’%w‘% h?ﬁ é, aél%neqniaél#%e At gfd%?rlet g%’ g% ﬁign
defi ned between tﬁeffhﬁéﬁnaﬂﬁl ‘é‘meﬁ’tld#mlrﬁolaﬂe@ﬁs ingpdthef glags -

strengt heni ng ageghpgifhtised satactfine I cditaloRt ofF Boéi:!reagﬁhehlﬂﬁg
substrate; wherein the strength of he |nner di gnet er E Qn of the

substrate is greaf@RtnhR #Thetdtse e PORE~ 5N 8%, F‘ﬁ?er medi at e

di aneter portion au]dstheteuhzey hleapmtﬂrrnmﬂ tticofuafthielre ssuwrkagthen. the 8

BRI EF DESCRI PTI |
ra? ubSTare Stora f%xp?ﬁlc%‘i%hr Bl ANseleAgENENLfG! | Y

st rengt hened subs
agent to an 1ntermed1ate diameter surface portion of the

glass substrate defined substantially between the inner
and outer diameter portions may be performed to further
increase the strength of the glass substrate.

" This Sheet Has Been Replaced .
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fabritated in accordance with a conventional full- surface chem cal
str.engt heni ng process; Fig. 2 is a cross-sectional view of a conventional
di sk-shaped gl ass substrate strengthened using a conventional chem cal

st rengt heni ng process which pronotes substrate warpage; Fig. 3 is a top
perspective view of a novel edge strengthened di sk-shaped gl ass substrate
having a chem cally strengthened inner di anetgr edge portion in accordance
with a novel selective chemi cal strengthening nethod; Fig. 4 is a
cross-sectional view of a di SBrRIERapESCRIPERON WS T ORANINGG a

strengt hened i nner dianmeter edge portion in accordance with a novel

sel ective chem cal strengthening nmethod; Fig. 5 is a cross-sectional view
of an enbodi ment of a novel Fdgskishapan il hestmatan afe = dijemicad 1o

sel ective chem calgtiemRpticRell Bibatrate | fHLTa HARISNorafdie YK i on and at

an outer di arreter&e?g%e ortign; Fig. .6 is a, %oss-sectio,nal vi ew_of anot her

enbodi ment of a n ’ﬁgé: ﬁfisﬁﬁpéacgpa%%c%u‘b’sﬁ & SR e fddivel y

st rengt hened i nnesutifaret eheadgal psttéempthendey phaowedser edge portion, and

an internedi ate di aneter suggacezp%téog%gg_ié;&q;i t qatd.pldey Jpet ween the
. . Fi g, | &

I nner and outer dianmeter edge~portions S a top perspective-view of

a direct access stconygatipsadndishsthares| dlasy dhstaratmsdréncihengdage
di sks fabricated fisaMg0kaeonteRsi6ALEScISa &CL et rehqt HMRlg PRRESsVe

chenical edge-stre tgl'eni ng Egt-hod]'b 9 Fvlv . 8 is a side plan view of a

DASD enpl oyi ng a b’?%l‘: PEGUBFSHaPR et 55T e fabricated from

sel ectively edge strengt henBdggl Asss sabistp gpeasspective view of a novel
edge strengthened disk-shaped glass substrate having a
chemically strengthened inner diameter edge portion in
accordance with a novel selective chemical strengthening
method;

Fig. 4 is a cross-sectional view of a disk-
shaped glass substrate having a strengthened inner
diameter edge portion in accordance with a novel
selective chemical strengthéning method;

Fig. 5 is a cross-sectional view of an
embodiment of a novel disk-shaped glass substrate
subjected to selective chemical strengthening at an
inner diameter edge portion and at an outer diameter
edge portion; ' '

Fig. 6 is a cross-sectional view of another
embodiment of a novel disk-shaped glass substrate having
a selectively strengthened inner diameter edge portion,
outer diameter edge portion, and an intermediate
diameter surface portion defined substantially between

- the inner and outer diameter edge portions;
Fig. 7 is a top perspective view of a direct
- access storage system (DASD) employing one or more data
-storage disks fabricated from giass substrates subjected’
to a novel selective chemical edge-strengthening method;



ng 9.is a table of enpirical data derived fromtesting a plurality of

di sk-shaped gl ass substrates in accordance w th various cheni cal

strengt heni ng processes, including a novel selective edge strengthening
process; Fig. 10 is a graphical representation of the raw enpirical data
tabulated in Fig. 9 presented in bar chart form and Fig. 11 is a bar chart
representation of the adjusted enpirical datagtabulated in Fig. 9. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now to the draw ngs,

and, nore particularly, to Rigs. 8 iand 4a.dtahpnani Srléhowﬂ anpAkbusip Bdy Dy Of

one enbodi nent of e SS rate 'e ted.to_a nove
chem_cal edge stré%d?%éﬂ%%ggpf%%g%%a f%g %gsglg 8 %égﬁge?ngfﬂﬁes an
upper surface 70, selemkively fedge ?szreagthﬁned Q‘ilaﬁEt substyatgs; and an

outer dianeter edge 78. In Qﬁfgor %a&%eawthhléthe " @kﬂ&&i BhtysaERifEyi
Fig. 4, only an inper diameter ﬁﬁgrﬁgrtlon 7 substrate 37 is

subj ected to chem BEP™ &§dichén ifvoffic lﬁﬁ Fﬁﬂ@gddg ABT PUBFE RIS DN
| ayer 86. EEveIopnﬁmtaéﬁoﬁduhdewm&mhdwanﬁb&s dhéhileadnst agagtRéninga

sufficient depth 5$£§%ﬁ§£(§”(¥ﬁ% n UQS§$0§%agﬁiéégggéh38?$g of. t he inner

di aneter portion dss su 'S generafly subjected to
t he hi ghest |evel SKT gv@rQﬁﬁés | oadi ng produced by a di sk cl anpi ng
appar at us. 10 I'n general ilghezodept i QpﬁicaberéﬁﬁeéeﬂtaﬂféﬁrofhéﬁéJSI on
| ayer 86 is typically a functio of th eS|d al _mcrocrack
produced during ndrilSTREISR: ﬁgtﬁgu Ee IéEs $¥bs r%f%s%ﬁt%% EE?I

antici pated | evel Qﬁazbdﬁﬂrnhoamﬂng produced by a
Fig. 11 is a bar chart representation of the
adjusted empirical data tabulated in Fig. 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and, more
particularly, to Figs. 3 and 4, there is shown an
illustration of one embodiment of a disk- shaped glass
substrate 37 subjected to a novel chemical edge
strengthening process. The glass ‘substrate 37 includes
an upper surface 70, a lower surface 72, an inner
diameter edge 76, and an outer diameter edge 78. 1In
accordance with the embodiment illustrated in Fig. 4,
only an inner diameter edge portion 76 of the glass
substrate 37 is subjected to chemical strengthening to
produce an inner diameter diffusion layer 86.
Development of the inner diameter diffusion layer 86 to
a sufficient depth D, provides for substantial
strengthening of the inner.dia@etér portion of the glass
substrate 37 which is generally subjected to the highest’

- level of compressive axial loading produced by a disk

clamping apparatus.

-

PP



¢lanpi ng apparatus commonly enpl oyed to secure the data storage disk 37 to
the-hub of a spindle notor for rotation thereon. The depth DI D of the inner’
diameter diffusion |layer 86, as well as. other portions of the glass
substrate 37 subjected to selective chem cal strengthening, should be

devel oped to a depth bel ow which such residual mcrocracks are generally

not formed. Those skilled in the art will inmggdiately appreciate the
substantial cost and tine savings resulting fromchem cally strengthening
only a selected portion of angbeseralipsthietde@h Bycdfashaninneerdilaaseser

portion of the dis§ at: , afat he ' | g £ he l[e
substrate to a cozi\}g_%#%?r?gﬂ lgggﬁ-gérigcéy%%n?fc’g% gﬁ%ﬂgﬁfgn‘?ﬁ;ﬁl&r o%%t?.f A
gl ass substrate 3PEkussdicrad madcyerraeky Lrouredldwiingieierdihg at an
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advant ageousl y _provi des r Sybstantia -free u r a ower dis
surfaces 70 and 7fr\ﬁlﬁ°&ﬁ’a]%§de§'§¥ﬁ i‘gdE ‘?’6#%% E?ﬁpcgcﬁ'f‘ifa‘?gﬁa%l e and
relatively def ect dleapictgt appavatiye doskenlBiemslayeid wad ysestumn dtliee iy
only a portion of ISkyssubstrate , [ i

deldz-ade ‘al%% 35" 8b FﬁZ hwdﬁ d: ﬁ%ﬁnﬁ@ﬁ%ﬁ oget her

associ ated with conventi onal chem ca strentg‘ eni (
avoi ded. Turni ng AQkatdom hersorng The idrptdr e Showhe tikrer tiametee
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subj ected to chenistalengthendngenshguid ke devsdoptichrtt e duptth dreland an
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diffusion layer 86 1s preferably develccl)p,ed al ong an jnner di aneter edge
portion 76 of thefgrasd.syftppgt gkayled in the art will immediately
' appreciate the substantial cost and time savings

resulting from chemically strengthening only a selected
portion of a glass substrate 37; such as an inner
diameter portion of the disk substrate 37, rather than
subjecting the entire disk substrate to a conventional
full-surface chemical strengthening process.

A glass substrate 37 subjected to selective
chemical strengthening at an inner diameter portion of
the substrate 37, as illustrated in Fig. 4, ’
advantageously provides for substantially warp-free
upper and lower disk surfaces 70 and 72 which is
essential for producing highly reliable and relatively
defect-free data storage disks. By selectively
strengthening only a portion of the disk substrate 37,
undesirable disk warpage associated with_conventional
chemical strengthening methods is altogether avoided.

Turning now to Figs. 5 and 6, there are shown
two altermative embodiments of a chemically strengthened.
disk-shaped glass substrate 37 strengthened in
accoxrdance with a novel seiective edge strengthening

. method. In Fig. 5, a disk-shaped glass substrate 37 is
selectively subjected to chemical strengthening at an
inner diameter poxtion and an outexr diameter portion of



Addi t'i pnal Iy, an outer diameter edge portion 78 of the glass substrate 37
is preferably subjected to selective chem cal strengthening to produce an
outer diameter diffusion |ayer 88. In one enbodiment, the inner dianeter
diffusion layer 86 is preferably devel oped to a depth DD within the range
of approximately 1 micron to approximately 100 microns. The outer dianeter
di ffusion layer 88 is preferably devel oped t,q a depth DOD of approxinately
1 mcron to approximately 200 microns. It has been determ ned that the

sel ective inner afgh Qui&E éuxﬁsmezta%re 8hassagt &ﬁﬁakhemaagtefoaﬁﬁush&ﬂstrat ed
in Fig. 5 results in a substanti a§ stren hened gls -shaped suhstrate 37
suitable for subse®n %L%ﬁxﬁﬁﬁﬁ%} d¥,d 83 OBfGr 2487di 8R HRUFhgCSAPRT oI

preci si on record!eQEenpdztxnn e aith&heepghadsnenbsbratedBIk- shaped gl ass
substrate 37 subjgsd fitk difh ARPMLAloutel-eRILABRLRTAbe SELEEL SH YBCaE oS 18

depicted in Fig nner sim respect to
Fig. 5, an inner Qﬁ%ﬁﬁﬂ%#bﬁﬁﬁﬁ@ﬁsﬁﬂn1?a?€ﬁf8BaP%Yd§9EDSﬁﬁﬁdaPoaﬁelﬂ%%%Ve

di amet er edge pordhemi ol @tﬁéi@t@eaaagsubspf:aaac&an%u@afealdmaﬂ@fer
di ffusion | ayer %Sﬁ al so prefer%bly develogﬂg?aLon ut er _di aneter
o)

edge portion 78 %mgcths]sa SFoSPr at &2390€ 6?}3 Y, 't T Hajbhe -
desirabl e to subjdicmetrer didfvediont dayeanBéeisspréfierabbyt develdped then
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i ntermedi ate di ameter sufface portiqQn 7 erab a Surface ortlon of
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di ffusion | ayer Sfawsr dthd sogirefetablpt evdlbpadi 0o &ageptB8D,! afone

embodi ment , ”pperlazpa&%:ll‘?ﬁ&etrel'f&e'iﬂ%%ﬁt EoUbbh¥SkPRat 8YS" 508 0nflRL. AT f

respectively
has been determined that the selective inner and outer

diameter glass strengthening process illustrated in Fig.
5 results in a substantially strengthened disk-shaped
substrate 37 suitable for subsequent processing as a
data storage disk having superior precision recording
surfaces.

Another embodiment of a disk-shaped glass
substrate 37 subjected to chemical strengthening at
selected locations is depicted in Fig. 6. In a manner,
similar to that described.with respect to Fié. 5, an
inner diameter diffusion layer 86 is developed at an
inner diameter edge portion 76 of the glass substrate
37. An outer diameter diffusion layer 88 is also-
preferably developed along an outer diameter edge
portion 78 of the glass substrate 37. Additionally, it
may be desirable to subject an intermediate diameter
surface portion 74 of the glass substrate 37 to chemical
strengthening. It is noted that the intermediate
diameter surface portion 74 is preferably a surface
portion of the glass substrate 37 defined substantially

_ ' between the inner diameter\diffusion layer 86 and the
- outer diameter diffusion layer 88.

In one embodiment, upper and lower

intermediate diffusion layers 80 and 82 are respectively



developed on the upper and | ower surfaces 70 and 72 of the glass substrate
37 defined substantially between the inner and outer dianeter diffusion '
| ayers 86 and 88. In another enbodinment, selected portions of the upper and
| ower substrate surfaces 70 and 72 are subjected to sel ective chemca
strengthening to respectively devel op one or nore upper and | ower

i nternmedi ate diffusion portions 80 and 82 defined substantially between the
i nner and outer diameter diffusion |ayers 86 and 88. It is noted that the

Uppfer _ agld ! gwerl i abg&tmss@g snd'ﬁﬁéuﬂnf&t L&'}tY@_rl%for %Qﬁthfaﬁ%% &S:h%efa'%t%h%lfe f
preferably devel o a de err IS re shall.o n either o
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preferred nethod LeresecFBesiyatg SY¥iArAhcl mpd 7@ seespapIgchessso

substrate 37 will sanucbevdi crensesl sdrdrtfiRmiod wtrédde&tiw@ugddbﬂe%g-
4, a strengtheni ng agelr_;t IS p\gef er abl% eIrl ecIJI1 al on%&t hee i nn: r i_anet er
edge portion 76 oPPFh8FgPaET SHst r3lt e SIS FU818Pnder is
m xed with the stpengibeai 8y agdnd2 tdefingd substapltiilalily detwieen the

strengt heni ng agegﬁnge Lhe LBRer Sanmi&! ﬁqq%sa%;lt il%'}e%@ %fﬁ %adﬁhsk L4

during the strengtheni ng_process. The substrate I s"then heate

preferably to a diFfBSFeRd tRiherht WRPeRSHY dowerninkopReddatengiRénrign
agent for a predelayarsedr dpbaticms 0 tante szequer pitefferably defrenghbhantsg

agent to diffuse [n in dj rtiQn 7.6.1 i red _depth
[orr] Asigni {1 caft SSBVAnPagERRF tRatot o el b B S ArREt
met hod concerns a2B@bouter | &l ameier il fusiopc layeirse 86equdr 88 -t oInhenecal | y

strengthen a gl asgmBo@shént & Be dHIP ﬂ,’,,,i, B 19 W d8ia Abowrne
intermediate diffusion layers or portions 80 and 82
range between approximately 1 micron to approximately 20
microns.
Still referring to the embodiments illustrated
i in Figs. 3-6, a preferred method for selectively
strengthening a disk-shaped glass substrate 37 will now
be disclosed. In the embodiment illustrated in Fig. 4,
a strengthening agent is preferably applied along the
inner diameter edge portion 76 of the glass substrate
37. In one embodiment, a binder is wmixed with the
strengthening agent to limit the mobility of the
strengthening agent to the inner diameter edge portion
76 of the disk 37 during the strengthening process. The
substrate 37 is then heated preferably to a diffusion
temperature associated with the strengthening agent for
a predetermined duration of time required for the
strengthening agent to diffuse into thé innexr diameter
edge portion 76 to a desired depth Dy. ,
A significant adéantége of the novel selective’
- : edge strengthening method concerns a substantial
decrease in cycle time required to c¢hemically strengthen
- a glass substrate 37. Cycle times on the order of one



18 hout are generally achievabl e when enpl oyi ng a novel selective edge
strengt heni ng net hod as di scl osed herein. It is noted for purposes of
conparison, that cycle tinmes on the order of 16 to 20 hours per gl ass
substrate 37 are typical when strengthening gl ass substrates in accordance
wi th conventional full-surface chem cal strengthening nmet hods. In one
enbodi ment, the strengthening agent appliedit;0 the i'nner dianeter edge
portion 76 of the disk 37 to produce the |nner di aneter diffusion |ayer 86

conpri ses plot assi h'ctﬂﬂxfl It atf@tgaa{e&raﬂlymehate{rtaamé lhﬁﬂéﬂ genagwht AgYya i nsd&epd
conprise silver nitrate. [err native Di

anot her enbodlnen? iﬁ (ﬁSHE §§§Fﬁﬁ?§nﬂ¥§??€e?sq$f?ﬁi %%yhfﬁflg
applied to the gIEtssa.suimtecatf@ISZ:mrpopesdqfecomarnaem. dibaet eycle ffimson
layer 86. It is engaee&[,é *@aéﬁ%ftmetef 2§tﬁ8{29ﬁhﬁ fnglgggnéuﬁgﬂwéds%hen

perform ng a nov ecfIve chem cal strengt process Is generally
dependent on the i‘%etﬂ?l‘iﬁ]aé@%éﬁrﬁﬁgfzaﬁﬂ-’é%t%1?% %‘P%%*sr?a%%t#%te 37.

For exanple, a glassorddisdd atith3 tohebhtiahel fuDID+seffade sthétbcarommonly
referred to as soda qu_teﬂe sihoul d lgg subj ected to selective chenical

strengt heni ng usi réhj%hghlng agent conprising [err] or AgNG3. A

gl ass substrate 37 fabri catled dneogmbbdimentn sthe cateengiiening agditected to

sel ective cheni C%gﬁiié‘d‘%&%ﬂé‘&nﬂéknﬁléméééfr@&é‘@%6&?&?"56 C@Em!ﬁé' ng
NaNO3 or AgNGCB.

desirable to limt_the | ]
st rengt heni ng agehtsk oﬁ & SHodUcE RS LRBRF ‘Fl?'ﬁ%t‘ic‘ff a@sééb%’s‘?r?‘ aeF 8y
m xi ng the st reng:rdﬁmmsaqmﬂas\mhh aibrater (Kiay) pr&‘hera;lulxyangamiphuags
silicon carbide. t ig. 5,
t he strengt hening Jf;eg:jent S‘I [ edgfwgo%:b e\piaﬁneiré fieﬁbé&gggport i on

76 and outer d,gnﬁ;Qanatlvely, sodium nitrate (NaNO3 . In another

embodiment, a mixture of potassium and silver nitrate
may be applied to the glass substrate 37 to produce the
inner diameter diffusion layer 86. It is noted that the
type of. strengthening agent employed when performing a
novel selective chemical strengthening process is
generally dependent on the type of glass used to
fabricate the glass substrate 37. For example, a glass
substrate 37 fabricated from sodium silica, commonly
- referred to as soda lime, should be subjectea to
selective chemical strengthening using a strengthening
agent comprising KNO; or AgNO,. A glass substrate 37
fabricated from aluminum silicate should be subjected to
selective chemical strengthening using a strengthening
agent comprising NaNO,; or AgNO,. It may be desirable to
limit the mobility of the strengthening agent to the
selected portion of the glass substrate 37 by mixing the
strengthening agent with a binder that preferably
comprises silicon carbide.
In accordance w1th the embodlment illustrated
in Fig. 5, the strengthenlng agent is applled to both
- the inner diameter edge portion 76 and outer diameter
edge portion 78 of the glass substrate 37. A binder may
similarly be mixed with a strengthening agent to limit



eélge "portion 78 of the glass substrate 37. A binder may simlarly be m xed
with a strengthening agent to limt 14 the nobility of the strengthening
agent during the heating and di ffusion process as previously discussed.
After heating the disk substrate 37 to the diffusion tenperature associ ated
with the glass type and strengthening agent for the required diffusion
time, the inner dianmeter diffusion | ayer 86 d/ or outer dianeter diffusion
| ayer 88 is preferably devel oped to a depth D and/ or depth DOD of

approximately 10 pheradgi1ity ! 8¢ NS bilalgrtas id gf%g%hendh@mgr el e varies
dependi ng on the anneal n%b e ature assom ate a particular t pe of

glass, and is genBfaF)9a §399mﬂﬁoqﬁ§§na§h81§§§83§ edisAHESS
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t enper at ur es g associate annea ing tempe ure furEL

noted that the annealing temperature for disparate glass
types varies greatly. Sodium silica, for example, has
an annealing temperature of approximately 514 degrees
centigrade, while aluminum silicate (general) has an
annealing temperature of approximately 712 degfees
centigrade.

With reference to Fig. 6 an inner and outer
diameter diffusion layer 86 and 88 are preferably
developed in a mannexr similar to that described
previously with respect to Fig. 5. Additionally, a
strengthening agent may be applied over the surface or
portions of the surface of an intermediate diameter
surface portion 74 defined substantially between the
inner and outer diffusion layers 86 and 88. In one
embodiment, the diffusion layers 80 and 82 at
intermediate diameter surface portions 74 of the disk
substrate 37 are preferably developed to a depth of D
of approximately 2 microns.

In general, typical diffusion temperatures
range between approx1mately 350 and 650 degrees
centigrade when using a KNO3 type strengthenlng agent for

- varying types of glass, and between approximately 334
and 450 degree centigrade when using a AgNO, type
strengthening agent. The time required to diffuse the



range hetween approxi mately 350 and 650 degrees centigrade when using a
[err] type strengthening agent for varying types of glass, and between
approxi mately 334 and 450 degree centigrade when using a [err] type
strengthening agent. The tinme required to diffuse the 15 strengt hening
agent. to the desired depth along the inner and outer dianeter edge portions
74 and 76, as well as into the internmedi ate giameter surface portions 80
and 82, typically range between 1 and 16 hours. It is noted that the

dit rrensitﬁns_ and m;bgﬁr'égbtﬁéfmﬁ?i hgéhe ofo tdree difﬁi_z%@iié’p};%‘lﬁa@.ﬁn@"@he inner
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strengt heni ng agent conprising approxi nately 99 percent potassiumnitrate
and approxinatelytﬁaﬁegg§n91§?F§£?n$nﬁWQHQ?QﬁﬁiQ%y$QﬂQq§éF99€l?ftGhSi@HEF
one of the inner gubgetr&teecByeafdrstengtthatithd aid itidetdi agehes adge
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found to be effective,in limting the nobility %% t.he strengtgenlng agent
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designed for use In T eRt cess storage system ( RSB ef er'ring now to
Fig. 7, there and approximately 1 percent silver nitrate applied

selectively to either one of the inner diameter edge
portion 76 and the outer diameter edge portion 78 of a
disk substrate 37 will typically require application of
heat at a diffusion temperature of approximately 400
degrees centigrade for approximately 1 hour. It is
further noted that a mixture of the strengthening agent/
and the binder at a ratio of approximately 1:1 has been
found to be effective in limiting the mobility of the f
strengthening agent during the novel selective edge
strengthening process. '

A glass substrate 37 strengthened in
accordance with a novel selective edge strengthening
process is preferably used when fabricating one or more
data storage disks designed for use in a direct access
storage system (DASD). Referring now to Fig. 7, there
is shown a DASD 20 with a cover 23 removed from the base
22 of the DASD housing 21. A DASD 20, as shown in Figs.
7 and 8, typically includes one or more rigid data
storage disks 47 which are stacked coaxially in a tandem
spaced relationship, and rBtaté about a spindle motor 26

- at a relatively high rate of rotation. Each disk 47 is
typically formatted to include a plurality of spaced
concentric tracks, with each track being partitioned



ks shown a DASD 20 with a cover 23 renpved fromthe base 22 of the DASD
housing 21.. A DASD 20, as shown in Figs. 7 and 8, typically includes one
or nore rigid data storage di sks 47 which are stacked coaxially in a tandem
Spaced rel ationship, and rotate about a spindle notor 26 at a relatively
high rate of rotation. Each disk 47 is typically formatted to include a
plurality of spaced concentric tracks, with ch track being partitioned

16 into a series of sectors which, in turn, are further divided into
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38, causing the actué%or ar s
and causes the transducer 27 to hover above the disk 47

on an air bearing produced by high-speed xrotation of the
disk 47. A conformal lubricant may alternatively be
applied to the disk surface 47 to reduce static and
dynamic friction between a constant contact-type slider
35 and disk surface 47.

The actuator 30 is usually mounted to a
stationary actuator shaft 32, and rotates on the shaft
32 to move the actuator arms 28 into and out of the
stack of data storage disks 47. A coil assembly 36,
mounted to a coil frame bf the actuator 30, generally
rotates in proximity to a permanent magnet structure 38,
causing the actuator arms 28, in turn, to sweep over the
surfaces of the data storage disks 47. The spindle
motor 26 typically comprises a poly-phase a.c. motor or,
alternatively, a d.c. motor, energized by a power supply
46 and adapted for rotating the data storage disks 47.

The coil assembly 36 and the permanent magnet
structure 38 operate in cooperation as an actuator voice
coil motor responsive to control signals produced by a
controller 58. The actuator voice coil motor produces a’
torquing force on the coil frame of the actuator 30 when
control currents of varying direction and magnitude flow
in the coil assembly 36 in the presence of a magnetic



surfaces of the data storage disks 47. The spindle notor 26 typically
conpri ses a poly-phase a.c. notor or, alternatively, a d.c. notor

energi zed by a power supply 46 and adapted for rotating the data storage

di sks 47. The coil assenbly 36 and the pernanent nagnet structure 38
operate in cooperation as an actuator voice coil notor responsive to
control signals produced by a controller 58..,The actuator voice coil notor
produces a torquing force on the coil frame of the actuator 30 when control
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per sonal conputers suc éﬁp and pocket-sized conputers
exanpl e. Various FFRRed W%ﬁ¥ﬁ éFU§IF§F§1€ﬁ€r§§§C¥h%Pdsﬁ%EF?§ 1%%3%&?%$nal
housi ng di mensi onghedl se@dindrthds emyitifgl Batar tof aad ofr&iSERe dheksuch.

recogni zed fam |y.of indust rd C&(ﬂé ( 0, uter
Menory Card | ndustry Assomél%{-‘lrge%adq?’%m ?ejvg#’g% ar ds %l%hgg%egggpes bot h
t he di nensi ons fcﬁysuﬁm[mﬁﬁyﬂanﬁﬂny@ganammunlty to miniaturize the

chassis or housing 21 of a DASD 20 to a size suitable

for incorporation into miniature personal computers,
such as lap-top and pocket-sized computers, for example.
Various industry standards have emerged that specify the
external housing dimensions of small and very small form
factor DASDs. One such recognized family of industry
standards is the PCMCIA (Personal Computer Memory Card
Industry Association) family of standards, which
specifies both the dimensions for the DASD housing and
the protocol for communicating control and data signals
between the DASD and a host computer system coupled
thereto.
| Recently, four families or types of PCMCIA
device specifications have emerged. By way of example,
a Type-I PCMCIA device must be fully contained within a
housing having a maximum height dimension of 3.3 '
millimeters (mm). By way of further example, a Type-II
PCMCIA device hbusing must not exceed a maximum height
of 5.0 mm in accordance with the PCMCIA specification.
A maximum height of 10.5 mﬁ is-specified for the housing’
- of a Type-I1II PCMCIA device, and Type-IV PCMCIA devices
are characterized as having a maximum housing height
dimension in excess of 10.5 mm. It is anticipated that



t he: protocol for conmunicating control and data signals between the DASD
and- a host .conputer system coupled thereto. Recently, four famlies or
types of PCMCI A device specifications have energed. By way of exanple, a
Type-1 PCMCI A device nust be fully contained within a housing having a
maxi mum hei ght dinmension of 3.3 mllineters (nm. By way of further
exanpl e, a Type-I1l PCMCI A devi ce housing nu not exceed a maxi num hei ght
of 5.0 mmin accordance with the PCMCI A specification. A maxinmm hei ght of

%0 5 ml ipévélloicijf'taé inaush h@b@zhmgopfcoclﬁmm«éal hhnEQN@kf\zQ@ﬂr)]ﬁeofaﬂﬂshDs ]
ype- evi re_characterized as.having a_maxi num ousmg ei ght
di mensi on in excegﬁigf Eﬁn%“%ﬂiY|¥e?%ﬁ%H¥ﬁ3?ﬁh?§8 R&FO™ Of gSYRESMRdust ry
trend of conti nuedowphyinarwvizhitme AydeaSls PAMCIAcppatificgtienul tSucht he

production of sys - EPNPENMETN MASDL tvﬁ@.lTMB‘fceh.k RS écé@fﬁéi'ﬁ@ﬁé% Such
Type-11 PCMCI A DA W Il |ikely have external housi ng §I mensi ons of

approxi mat el y 54 FHPKNEECRH Rf FPRFOEIRRLSIY G4e™® FaB8 TPoFagd™Bi skRG7
havi ng a di anmet erinélaferaxdard esyortganaiakd 4 mdihgdan&ﬂs&x@ufesidafl ar to

that of a standard credit NONe DASD. 20- i |l ustrated
in Figs. 7 and 8 FRP ?x%era%*)g cébn Al (ﬁegg%\%dt |ni'§£' on 31153_?1%5\“ ng a
relatively small thain ¢ficaostandardjaradiltl gagdnf oimsong @tnbO@J;mme e t he

PC{VEI At housmfg 5p§§$ﬁ'§@"iﬂl§stﬁ£§é{§t Iﬂgftl@% ShlzlganSﬁlg) : foEshg 21
wi thout sacrificin orage.c city is ica achi eve Jncrea3|ng
the track den5|ty° ’Fﬁﬂ'ﬁ% "6?% &%‘%’é i ﬁ&h gYeny, @ o?ef L Yet% storage
disk 47. It is gesmﬁahllgloﬂesfa@&me thatr egdnesalle e6nfdAKS Oto (bisé abiE auore
bet ween t he Sl'dQSftﬁﬁﬁ e§§§¥§H§/§y@%lEQ8aEgggglng data storage disk

e rea

in order to increase
Reducing the size of a DASD housing 21 without

sacrificing storage capacity is typically achieved by
increasing the track density, or number of tracks-per-
inch (TPI), of the data storage disk 47. It is
generally desirable to reduce the separation distance
between the slider/transducer assembly and the rotating
data storage disk in order to increase the readback
signal sensitivity of the transducer 27 to the typically
weaker magnetic transitions associated with higher )
density disks. When decreasing the transducer-to-disk
separation distance, however, the probability of
~detrimental contact between the sensitive transducer 27
and the disk surface due to unacceptable levels of disk
warpage significantly increases. A data storage disk
fabricated using a glass substrate 37 strengthened in
accordance with a novel selective edge strengthening
method as disclosed herein will typically exhibit
superior surface uniformity and durability, thereby
significantly reducing or eliminating the likelihood of
unintended detrimental contact between the recording
surfaces of the disk and a;slider/transducer assembly.
Turning now to Figs. 9-11, the dramatic
increases in the strength of disk substrates 37
processed in accordance with several of the disclosed



signal ,sensitivity of the transducer 27 to the typically weaker magnetic
transitions associated with higher density di sks. Wen decreasing the
transducer-to-di sk separation di stance, however, the probability of
detrinental contact between the sensitive transducer 27 and the disk
surface due to-unacceptable | evels of disk warpage significantly increases.
A data storage disk fabricated using a glass gubstrate 37 strengthened in
accordance with a novel selective edge strengthening nethod as discl osed
hﬁr ei B wil t%/pi ceéwcexidaé béagétmféx@th%m&hgcaeﬁnbfas[( ﬁ?‘é%lﬁﬁdsfﬁﬁéﬁ_@m i txd/, g
thereby signific n a the Li Lhood_o ni nt ende
detri_ment al contgg%é% %ﬁ Eﬁé e recorghﬂ aglrlg?itﬁagﬁls?d ﬁﬁra
sI|der/transducercbégéﬂblyIn1innmn§ ri®W audFKgé of-Fig.tfe theanatis

i.ncreases in the sirgPgEdq Um ﬁkcaslulasttaab%aﬂearQﬁéﬁsegstﬂngcgfégénce
wi th several of the disclose 19 sel ective edge_strengt heni ng net hods

are illustrated tArBEEFRERR IESUHRIASHST S0-GhemprRl cEFreRgEheRINBatPchart s.
In col ums (B) andecé¢&dafcdiwitld tHehapeells stabnyahedirgpnethadsdat a

obt ai ned when tesgi r at,e e

strengthening in accor%%nce thé‘%SgéFﬁH??gﬁgt%%%?%g n%%g%s déseri bed
herein. A convent?@ﬂ%?Y%@r%ﬁmﬂQFﬁnmﬂﬂ§raﬂaévéﬁﬁggyéﬁrFQQEbt%$ﬁ¢ﬁéa%9daverage
strength associ at@gem éibl@‘a&ﬂ“ e tﬁa%ttegsasdkdgﬁissﬁyaﬁéé ai s 3fne Thsrdata

val ues, expressed in terms ds force, are | y representative of
Uhe ani 1 1t0 of e e LitEncereiRara dos onme: Pt Betags | EorgenkEd an
equi val ent amuntgeterally remsisemthaive. ofnthéahbjlity efistidet er m ned

that, on average apehipshenleNees sliskroshared ebosreaubasnacie 37

exhlblts an average apprOX|na orce prior to
br eakage or equlvalent amount of axial loadlng force Inltlally, it

was determined that, on average, an unstrengthened disk-
shaped glass substrate 37 exhibits an average strength
of approximately 8.8 pounds force prior to breakage or
noticeable deterioration.

The empirical data tabulated in Fig. 9 was
derived by strength testing ﬁhree sets of twelve
randomly selected disk-shaped glass substrates 37, and
subjecting the three sets of substrates 37 to three B
distinct chemical strengthening processes. A first set
of twelve glass substrates 37 was subjected to a full-
surface chemical strengthening process for approximately
one hour. This full-surface étrengthening method is
similar to the conventional strengthening method of
fully immersing a disk substrate 37 into a molten salt
ion exchange bath as previously discussed with respect
to prior art Figures 1 and 2. Strength testing of the
full-surface strengthened disk substrate 37 indicated an
average strength of 20.8 pounds force prior to breakage
or noticeable deterioration. The raw data obtained when
testing the full-surface sErengthened substrates 37 is

. tabulated in columm (A) of Fig. 9.

Testing of another set of twelve glass

substrates 37 subjected to selective chemical



nett Geabl e deterioration. The enpirical data tabulated in Fig. 9 was
derirved by strength testing three sets of twelve randomy sel ected

di sk-shaped gl ass substrates 37, and subjecting the three sets of
substrates 37 to three distinct chenical strengthening processes. A first
set of twelve glass substrates 37 was subjected to a full- surface chem ca
strengt heni ng process for approximtely one fgur. This full-surface
strengthening nethod is simlar to the conventional strengthening nmethod of
fully i mersing astrekgshbaingt £818rg i Cirhd®ldiginedrlr ddye ortdrge 7Bat h as

previ ously discus |t p rior t Fi qur. . I .h
testiing of the fu?ﬁ-qs%{rlf ggéggtgg‘lﬁr&% %]gg%&)%ﬁ §<°rstulb°g} r@?e%q’ﬁ'& |sc§:§-ttaet§%g%'n
average strength She2emBogiupnt shewr i iBid+ & brdenangtatesotthadathese

dtet eri ?L atign. ghtgea?utégt;ayob%fé t&g@:n shﬁfeltﬂﬁ&é&@vf :céa'ﬂélﬁiiﬁ:f%ﬁf_ y f
strengt hened substrates s tabul ated in colu of Fi esting o
anot hgr set of twBlVFE2gPa8E™ ﬁ%@r%ﬁe@@?’?&ﬁ@e%@'& ?éﬁ“é’%lsi \%é’r(?ﬁem cgl
20 strengtheni ng ardpg 8o bneakage aoeteot egblepoddtmritiaaidmn delser

di ameter edge poryLon £8, afiLllh téﬁtﬁfkét']:natéées &Pl ERf, SR 30 Fig. 5,

denonstrates that these selectively strengthened substrates exhi-bit an
average strength 6P1upBr 681 nefeFy92624 pounds force prior to breakage or

noticeabl e deterioration. TeshallBy2a {i8tHdY SetelofOfrwrlRE IS 37 IS
tabul ated in colum of Fig. 9. Finally,.another set of .twelve gl ass
substrates 37 vvass‘s‘B%F%?:F%ﬁ %g way e%‘fkﬂfec%er‘?erﬁocﬁe C&'é‘ﬁ’&t FESTHE24 ong i nner
and out er di anet estrdgetheningmasldy drhei8 amgk ontler d@id ametient edgedi at e
dianeter surface BrtiQfs 74! &nd@ TRNNES w1 | a0 {idrmediate diameter
surface portion 74 in a manner similar to that
previously described with respect to Fig. 6. The test
data, tabulated in column (C) of Fig. 9, demonstrates
that a glass substrate 37 chemically strengthened in
this manner exhibits an average strength of
approximately 49.7 pounds force prior to breakage or
noticeable deterioration. It is important to note that
selective chemical strengthening of a disk substrate 37
in accordance with the novel methods described herein
produced no appreciable warpage in the disk substrates
37. ‘

Turning now to Figs. 10 and 11, the empirical
data tabulated in Fig. 9 is illustrated in bar chart
form. In Fig. 10, the empirical data associated with
each of the twelve diék—shaped glass substrates 37
tested in accordance with each of the three chemical
strengthening methods is presented. It is noted that,
on average, a glass substrate 37 subjected to selective
strengthening at inner and outer diameter edge portions
76 and 78 provides for a 300% increase in strength over
an unstrengthened glass suﬁstréte. A disk substrate 37
selectively strengthened at an intermediate diameter
surface location 74 in addition to inner and outer
diameter edge portions 76 and 78 provides for a 565%



previ ously described with respect to Fig. 6. The test data, tabulated in
colum (€ of Fig. 9, denonstrates that a gl ass substrate 37 chemcally
strengthened in this manner exhibits an average strength of approxi mately
49.7 pounds force prior to breakage or noticeable deterioration. It is

I nportant to note that selective chem cal strengthening of a disk substrate
37 in accordance with the novel nethods descgybed herein produced no
appreci abl e warpage in the disk substrates 37. Turning now.to Figs. 10 and

11, the enpirical ifataababithasedehdtiri@red drs dddtisddqimrahdd dik chart

form In Fig. 10, tge engirical data associated with each of the twelve

di sk-shaped gl assS80B5FFates 37 tested in accordance with each of the three
chem cal strengtheni ng net hthe adjpstesdrdadd illustradtest] ithdiar ehaater age,

a gl ass substrat eg3fmSyR] PEGEGL1 Od%uﬁér?s?éfé‘é’eétéx%}ﬂttﬁ%ﬁ@ REfat12301 y2RHe

outer dianmeter edge portions 76 and 78 provides faor a 300% i1 ncreasé in
strength over an BAYRRERGERCRESH SR G FHeNIASHINg Aprdionse of72
sel ectively strenglhssegubstpate N3 Briredcicrdhintee et s WHea e veldC athieicdd i N

addition to inner . di 11 76 and 78 .provi.des for a
565% 21 incr eag‘gggﬁg‘#‘%ﬁ% ﬁ“n%%/}gérdsgﬁ&ﬁsns_%fgr%?%gﬁeél di sIlYE s}&&o{' ate. The
adj usted data il | bbetatkd dataayalves tidentifiedriwith pnj@atenisk do &ion

nore dramatical | ygt §eradyghdAee Switdn it ivR] X RRHERN G ueel ons of a
gl ass substrate 37 _in accor dfmce wi th the novel chem.cal s rengtﬁheni ng

met hods di scl osedSHEFBIRE YR1VES rrRApPSSTHE HE Pata PRTTes Fderti FH8d wi t h
an asterisk in Figl.9 me3®e3s$ghoreshadcn gigaus isudpsttiretay Sr7age retdgttht, edox

strength val ues rgﬂéﬁﬁfgfegsif%&&qzégﬁgtwﬂéﬁwgdﬂﬁégéipg the substrate 37
to inner and outer diameter edge 76 and 78 :
strengthening. More dramatically, a 605% increase in
glass substrate 37 strength is realizable by selectively
strengthening inner and outer diameter edge portions 76
and 78 in combination with an intermediate diameter
surface portion 74 of the glass substrate 37 in
accordance with the disclosed novel selective edge
strengthening method.

It will, of course, be understood that various
modifications and additions can be made to the
embodiments discussed hereinabove without departing from
the scope or spirit of the present invention. For
example, the strengthened glass substrate 37 may be
emploved in the fabrication of data storage disk having
diameters of 1.3", 2.5", 5.25", and 8", and be rotated
at various rates of rotation. A data storage disk
fabricated using a strengthened glass substrate 37 may
be designed to store information magnetically,
optically, or in other forms that are amenable to
storage on a disk-shaped substrate. Further, a range of
values for the parameters of the disclosed fabrication

- ' processes will generally be valid. Also,'materials and
manufacturing techniques other- than those specified
herein may be employed when fabricating the novel edge



11. A 353%increase in glass substrate 37 strength, for exanple, is

reati zabl e when subjecting the substrate 37 to inner and outer dianeter
edge 76 and 78 strengthening. Mre dramatically, a 605%increase in glass
substrate 37 strength is realizable by selectively strengthening inner and
outer dianmeter edge portions 76 and 78 in conbination with an internedi ate
di aneter surface portion 74 of the glass substrate 37 in accordance wth

t he di scl osed novel selective edge strengthening nmethod. It wll, of
course, be under s§ppshdtindnaiIdiGiss @n@'si:iraaéi ans améraddeti oeﬁeceﬂg@e' made
to the enbodi nents,_di sc ssed h%rbes'tr:':ag W|tho§e geggrt g% ﬁomth ‘'scope
or spirit of the %t?%% Rron or exgﬁﬁl higt sttt St eRed9yTass
substrate 37 may e @r@m@tﬁ-nm athglieslsr avdt renamicdafarsesampbedi sk havi ng
di aneters of 1.8"gefactive: éﬁ-en%rh@n&ng 88dohe Pt @bed 4 %enedbgyéléﬁéeéf of

rotation. A data s;g)cége di sk ric ing a,stren
substrate 37 may T3k e € uFFﬁ"S ¥ab¥ ol g %Fﬁﬁ}?ﬂ‘/ Wbﬁ‘l‘&%ﬁ’l 2
or in other fornsot hMrarh:mmrmbdteohe sfothgedbskasdbskrshepeﬂo-substrate

Further, a range eo;; a;ﬂé’e%gque gfe g‘?gg,ﬁ_rgt eric&f) gi,sc{__ {)ﬁgl‘éfatl on

processes w || gener mat'eria
t echni ques ot her th@rpltﬁkﬂﬁé‘— speention Eepuld ney lb% Mlb?@dt%*éhe

Iﬁb“ gatl ntg thet 1 &sﬂ%&t emb%%lﬁbheagahsfe@gsgaaisﬁ%@?bssﬁatsn&hd'\@éeover
€ edge streng n SLra e Tapricate romg S Oor a
conposite of gl as‘g ’g’rfbecﬂ Eb ﬁﬁ?ese%ef%?li‘v]%eg?‘?’e%‘?heni ng of one

or nore upper poréquingicntss @Skhsuﬁsbchbaeéxeﬂnbndimérytsr i n conbi nation
with one or nore | ower portions of the disk substrate, for exanple, nay be
desirable. Accordingly, the scope of



the: present invention should not be limted to the particul ar enbodi nents

di seussed -above, but should be defined only by the clai f_Q_I’_Lh bel ow
and equi val ents of the disclosed enbodi nents. CLAI M5 Whatyd sHgt %%g ==
1. A nmet hod of strengthening a substrate of a data stofffage dng 5 BED &
In a direct access storage system conprising the steps ¢

substantlally gl ass di sk-shaped substrate degfhgning a central aperture and
havi ng an i nner diameter portion and an outer dianmeter portion; applying a
strengt heni ng agent selectively to at | easgrffigsof th

portion and the outer dianeter portion of the substraﬁ“lmmulnmalllhe
substrate at a diffusion tenperature associated with the gl dss Mand * :
st rengt heni ng ageWhatwb,sr eilnimedtiag the substrate diffuses the

strengtheni ng agent into thg {ﬂgﬁhg&sﬁf %Q{ggﬁ&iryqt%%@ﬁl fife R t on and

the outer dianeter portion of the substr |n Caim.
1, including the fatBheEospdp éiski xdapredcfan usftHe LeREN2GHASE a
binder. 3. A netkegagkakyebein) &:ﬁ;’bﬂemg\hﬁr@igtéﬂw g xing step includes
the step of m xing a binder LLSin

i th th
st rengt heni ng agent. 4. ﬁﬁﬁgﬁn%lg %qeaﬁis% £ r‘l’fﬁ%grcgilsﬂ‘ s\ly’r‘i’é’ 4"

di sk- shaped subst sabetracbudeﬁlanngnaecmmaelt @Rhmaalarpbrha\omgi@‘n ned
substanti ally betyagn,t B¢ahBREE ﬁ&PthHf%n&“éH“ﬁ&Héﬂ“HfédHEéfﬂbééﬁion,

substrate; and

applying a strengthening agent selectively to
at least one of the inner diameter portion and the outer
diameter portion of the substrate; and

heating the substrate at a diffusion
temperature associated with the glass and strengthening
agent; '

wherein heating the substrate diffuses the
strengthening agent into the at least one of the inner
diameter portion and the outer diameter portion of the

i substrate.

2. A method claimed in Claim 1, including the
further step of mixing the strengthening agent with a
binder.

3. A method claimed in Claim 2,-wherein the
mixing step includes the step of mixing a binder
comprising at least silicon carbide with the
strengthening agent. '

4. A method claimed in Claim 1, wherein:

.the disk-shaped substrate includes an
intermediate diameter portion defined substantially
between the inner and oute% diémeter portions of the

- substrate; and ' _

the method includes the further step of

applying a second_strengthening agent to the
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<tdhe mat hod includes The Turther step of applying a second strengthening

agent te the 24 | ﬂ er portion, .the ¢ ration of the
“second strengtheni ng gﬁ“m“uimﬁu Iammto the internmedi gteidigErQisP %
"being different fro|m tthec¢cohceht riation of the strengthgni ng Rgﬁﬂ&cé EF 'g
selectively into the at Ieast one of the inner dianete
outer dianeter portion of the substrate. 5.,, A nethod clalned in Cla|n14

wherein the strengthening agent and the second strengtheni ng agent are
substantial |y equh¥akfalihbeCcaiRastds Cpbrt&on, AHeeldRdetltaaén BCtadiem 4,

wherein the concentratio e second he ag diffused into

t he internedi at eS8F8 tEErSBﬁ?FF%ﬂl?% g ‘{Srﬁgi B‘glr'f ﬁ?\gat i on of the
strengt heni.ng agénteuméfliste éealaetemepqru:rm hdmgdtdllféas:lemtném tthe i nner
di amet er porti OncéﬂéehEEae%ﬁr £ Qe & Y ddeSHiFRde 7 A

met hod cl ainmed in arm4 \/\herel n the secon trgét hem .ng agent is
di ffused into th§e§§f§§ﬂ’§§‘¥ nbQ Bt i3l 1Arast one ther dnRsd flangteret er

portion to a deppbrtheh afidl €hé diltdr alidepitert @ortiich WEe tiler snPsiheniteq
agent is diffused selectively into the at | east one of the inner dianeter
portion and the outer dianeter portion of the substrate. 8. A net hod
claimed in daiml, wherein the nethod steps are performed substantially

within a tinme period f apRrQtHBd & daihed flqwcqathl ap%%r@&heltﬁé 0 hours.
9. A method clainmed in CCaim1, whereln teP plying the

strengt heni ng agBhFenaEheptag  #eent nd fthﬁpﬁleﬁ é%@n“gﬁﬁ‘@ﬁéﬁgnﬁgégént
conprising at |eagé SaBsOaAnPLAREEIeduiidledite insidomplosiittioat.e and sodi um
nitrate.

6. A method claimed in Claim 4, wherein the
concentration of the second strengthening agent diffused
into the intermediate diameter portion is less than the
concentration of the strengthening agent diffused '
seléctively into the at least one of the inner diameter
portion and the outer diameter portion of the substrate.

7. A method claimed in Claim 4, wherein the
second strengthening agent is diffused into the
substrate substantially within the intermediate diameter
portion to a depth that is less than the depth to which
the strengthening agent is diffused selectively into the
at least one of the inner diameter portion and the outer
diameter portion of the substrate.

8. A method claimed in Claim 1, wherein the -
method steps are performed substantially within a time
period of approximately 0.5 hours to approximately 2.0

hours.

9. A method claimed in Claim 1, wherein the step
- of applying the strengthening agent includes the step of
applying a strengthening agent comprising at least one
of potassium nitrate, silver nitrate and sodium nitrate.
_
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.25‘- 10. . A nethod clained in Claim 1, wherein: the disk- —substrate
incfudes-an internediate di aneter port ion defined subst nTFHl&IS'—;EEbe%NEBnENhE
D

inner and outer dia t he met hod i ncl ufjes t hREPLACKE®Rr St
of strengthening thﬁiﬂﬂlﬁmﬂﬂﬂﬂﬂ Tmu ally within the"

di aneter portion of jthe Substra&te’s 11. A chemically strengthened data
storage disk for use in a direct access storage system conprising: a

di sk-shaped substrate conprising glass and defining a central aperture, the
substrate includi ng anipnneA dethed eclpiondd cim Glaioutler whieamsdiner porti on,
and an internedi ate di anet eghgoaiélg_nsgggéa\esq_l@@g@t ilhaetyeen the

I nner. and outer dianeter portions; first st rengt heni ng agent diffused
into the inner di &Hﬁ?@eﬁbf“??oﬁlwe?% %‘?Hﬁtqrhtd@ ifes SubstREtdadddgt h of
the inner di amet ebepaethothef 1ﬁﬁersath$td\ﬂctaa: I&agxreeﬁxerpdﬂtammtsheasﬁr engt h of

ei ther one of the internedi gﬁg rre e PQlddon aen%utll @ QuLer nmet er
portion of the substrate. as ora di as clainme Pn aim 11,

further conpri si ngtranghImUlBgr@hgtmmf@@ubsmmﬁdﬂ miig hiilve thet er

di ameter portion 9f¢EbRediREl " @) Sme Ve RN L o GO rRilher one of
the inner dianeter portion and the outer dianeter portion is greater than

the strength of the internedi ate dianeter portion. 13. A data storage disk
claimed in Cdaimi12, whereid themically sitheigithemen) daganistardgehdiski rd

strengthening agenk,ALeqSERRtGOLT Al Y AWML dd FUTARR Byen,

comprising:

a disk-shaped substrate comprising glass and
defining a central aperture, the substrate including an
inner diameter portion, an outer diameter portion, and
an intermediate diameter portion defined between the
inner and outer diameter portions; and

a first strengthening agent diffused into the
inner diameter portion of the substrate;

whexrein the strength of the inner diameter
portion of the substrate is greater than the strength of
either one of the intermediate diameter portion and the

outer diameter portion of the substrate.

12. A data storage disk as claimed in Claim 11,
further comprising: .
a third strengthening agent diffused into the
outer diameter portion of the substrate;
wherein the strength of either one of the _
inner diameter portion and the outer diameter portion is
greater than the strength of the intermediate diameter

portion.

13. A method claimed in Claim 12, wherein the
' first strengthening agent and the third strengthening
agent are substantially equivalent in composition.
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26 44. A data storage_dLsk_as—cJ_ai_aed_i_n—Cl aim 12, wherein the first and
third stfengt heni ng agents corrprl se at |east potassiumnitrate, silver

hitrate, and sodi um ni t”ﬂﬂ ju"j‘ ﬂiﬂl storage disk as claimed in daim
11, further conprising heni ng agent diffused into the -
i nt er medi at e di anet er portlon of "t he substrate; and a third strengthening

agent diffused into the outer diameter portign of the substrate; wherein
the strength of either one of the inner dianeter portion and the outer

di ameter portion is greqt erAchté&ﬁgee'&@k afs t:llamaaerlmiednam dizgnet er

portion. 16. Adat storage disk .as furth

conprising: a sec %Jf?aﬁlaﬁ hé’rﬁ'%tg altj%%thl&%f ﬁf@&&git Blpﬁealg gnsmedl ate

di aneter portion obmphise udistleast pothssivm ndtsatengshidvenynigeatedi fhdsed
into the outer dighgieh RPELd@n of the substrate; wherein the concentration
of either one of the first and the third strengthening agents is greater
than the concentration of the second strengthening agent. 17. A data
storage disk as clainetsin ICI@ti’a Js1t,ox\dg%r digkt be s0bstedt éni €1ae& stant to
shock forces in eg&ﬁsﬁexof 18. A data storage disk as clained in
Claim1l, wherein ra]te ﬁ'ncl udes an upper surface and a | ower
surface; the inner dianet era meadnsh styenggbenangi agentddafgusededysopthei on

proxi mate the cenff@d rARSI4tE &iameter portion of the substrate; and
a third strengthening agent diffused into the
outer diameter portion of the substrate;
wherein the strength of either one of the
inner diameter portion and the outer diameter portion.is
greater than the‘strength of the intermediate diameter

portion.

16. A data storage disk as claimed in Claim 11,

further comprising:

a second strengthening agent diffused into the
intermediate diameter portion of the substrate; and

a third strengthening agent diffused into the
outer diameter portion of the substrate; . '

wherein the concentration of either one of the
first and the third strengthening agents is greatexr than
the concentration of the second strengthening agent.

17. A data storage disk as claimed in Claim 11,
wherein the substrate is resistant to shock forces in
excess of 1,000 g.

18. A data storage disk as claimed in Claim 11,
wherein: _
the substrate-inéludés an upper surface and a
- lower surface;
the inner diameter portion includes an inner
diameter edge portion proximate the central aperture;



277" «¢’he, out er di amet er portion includes an outer dianmeter_edge portion
def4 ned-al ong the ou%e{—ere&nﬁf—er—enengi t he substrate;
‘internedi ate di arreter es at |least a portilp 'ﬁﬁé Fﬁ_a%é%(ﬁ%'\jo
"t he upper and | ower S I! ' I defl ned subst ant .L'"
i nner and outer di arre , further wherein the first

strengt heni ng agent ‘i s diffused |nto the i nggr di ameter edge portion of the
substrate, and the strength of the inner dianmeter edge portion of the
substrate is greater than the &hteﬁgﬁbalﬂét@i'tphﬁ‘ti&tﬁ AlchdRed rirfcw@at e

di anet er portion r e e, p t|o of the substrate. 19.
A direct access s %q'lgté%?d%\%ge %5\%%1‘3 éeﬁjorges(? %’[ I%%e Q_‘ée corrprl sing; a
spi ndl e not or nogirsymierencenofisthy; sr@bsmtma;t cﬁndmvabl y nmounted to the

housing; a transducer nounted §acbbRedfdt@t P ameétitd ?cﬁfﬁrarpfildaaudes at
st rengt hened dat?l st orage dISk nount | to the spindle notor, conprising: a

di sk- shaped substf3S& BoRSFiriPRgCHI SLEISh P hithy apRsh ARd do¥eture, the
substrate incl udisopszraitenenrfiaaest @¢f rosd ismrbstfahmlﬁlejy theaniiety therti on,

and an i nt ernedi @Lhﬁeg.l agt ghtggr iglge &%e & élsf t he i nner and outer

di aneter portions; and a firs reng ‘fused into the inner
di ameter portion of the su@B‘FFb‘?é WWPGEFJQ’F ¢h&1é1§18ter$gitn¢naﬁhemnsnﬁeﬁnt

di ameter portionjef d&meusaass.ﬁeé eché Hreat ofidnaded RRAGR! pRRetikbnobreiher

one of the |nterrre | ortion nd h oyt er digneter portion of
the substrate. r&&?a §{1 r%’@ g inne Slame§er: GRgRer
conpri si ng: portlon of the substrate is greater than the strength of

either one of the intermediate diameter portion and the
outer diameter edge portion of the substrate.

19. A direct access storage device having a
‘housing, the device comprising:
a spindle motor mounted to the housing;
an actuator movably mounted to the housing;
a transducer mounted to the actuator; and
a chemically strengthened data storage disk
adapted for mounting on the spindle motor, comprising:

a disk-shaped substrate comprisiﬂg glasé
and defining a central aperture, the substrate including
an inner diameter portion, an outer diameter portion,
and an intermediate diameter portion defined between the

. inner and outer diameter portions; and

a first strengthening agent diffused into

the inner diameter portion of the substrate;

wherein the strength of the inner diameter
portion of the substrate is greater than the strength of
either one of the intermediate diameter portion and the
outer diameter portion of the substrate.

.

20. A data storage disk as claimed in Claim 19,

further comprising:

e

Sheet Has Been Replaced

TN



28 @« fird strengthening agent dlffused nto the outer dianmeter portion of
the~substrate; wherein ummlﬂ;ﬂ“ l‘tmmst her one of the inner dianeter
portion and the outer d A greater than the strength of the
internedi ate di aneter port|6n 21" A data storage disk as clainmed in Claim
19, further conprising: a second strengthening agent diffused into the
intermedi ate di ameter portion of the substragg; and a third strengthening

agent diffused into the outer diameter portion of the substrate; wherein
the strength of either one afthiwd i stssndgtihdiEneg’ agenti difdndetinéneuot €he

di aneter portion |j eg{gme%gpagas éﬁ{ %%Q gEPngakgteaﬂgggeaetﬂganetef

portion. 22. A da orage
substrate is reS|stant to §H@%R¢¥Qn¢h§;SQ¥6§9@@B9foﬁl$hQGOO§e of the

inner diameter portion and the outer diameter portion is
greater than the strength of the intermediate diameter

portion.

21. A data storage disk as claimed in Claim 15,

further comprising:

a second strengthenlng agent diffused into the
intermediate diameter portion of the substrate; and

a third strengthening agent diffused into tﬁe
outer diameter portion of the substrate; -

wherein the strength of either one of the
inner diametex portion and the outer diameter portion is
greater than the strength of the intermediate diameter

portion.

22. A data storage disk as claimed in Claim 19,
wherein the substrate is resistant to shock forces in

excess' of 1;000 g.



