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1 Title of the Invention G ass-ceram c substrate for a nagnetic infornation
st orage nedi um Background of the Invention This invention relates to a

gl ass-ceram ¢ substrate for a magnetic information storage nmedi um and, nore
particularly, to a glass-ceram c substrate for a nagnetic inforrratilg) z
storage nedi um such as a magnetic di sk de of -a gl ass-ceram c hav{r%%uper
flatness of a surface of the substrate Suitable for use in the near cBRfact
recordi ng systemor the contact recording system The invention rel 9893455 -1

al so to a_pmagnetic_information storage nmedi umusing this glass-ceramc
substrateﬁ%m cation, the term"nmagnetic information storage .
medi um’ meansgy,a_magnetic ihnforngtion stora nediymin the fogy.mof a disk
and incl udes i‘flﬁﬁ%' %’é’ q%sgra&?n?%a I?aegfbp\; OW?)%O?lgf]%ag? ?&%‘ilgﬁ[b card type
hard di sks used respectively for so- called "hard di sks" for per¥onal
conputers and storage of information in a network and other information

st or age Pedkerourdd bfikhd ivenelona di sk whi ch can be used for storage of data
in, e.g., digital video caner-as and digital caneras. Recent devel opnent of
per sonal con%thiermvfenﬁonuIreliateﬁectbaapgla]sssemmiuj subgtriade for deomagmetias and

digital c¢aperas, which requires handling of a | arge anpunt Qf data such as
novi ng p%‘gg%l%(ft%g@e mediup s 8208 Pardedarlyy @ FagHass-eenamisr mat i on

The recor HPRgatoRe PrabRpticaRfEhtisteh GRS bty ey aeriie €Bhr age

medi um t @nd € b ASSlakl-Seirhi g‘ng,- r§a§,kpé}eﬂ§t ﬁp% ' a bit
cell. In confor%ﬁ?‘?b%m'%%%%ﬁgﬁre ction i n%eﬁg%gi%zg 0 ef@r?gl’tglftsé%tﬁtea
magnet i ¢ shitableforiue s theshcapebatdct Fetdrddh@®spstey xthe éonther fdeordimglf ace of
a disk. Thus, as the magnetic head perforns its operation in a near-contact
stat e or systemact Theatinventiomstelates alsok teuaf magnetic bafovmasionmstotagat t hat

a substrate_has a,super flat surface. . . .
medium using Ft)h.ls glass-ceramﬁ: substrate. In this specification, the term

-

"magnetic information storage medium" means a magnetic information
storage medium in the form of a disk and includes fixed type hard disks,
removable type hard disks and card type hard disks used respectively for so-
called "hard disks" for personal computers and storage of information in a
network and other information storage medium in the form of a disk which
can be used for storage of data in, e.g., digital video cameras and digital
cameras, '

Recent development of personal computers for multi-media purposes
and digital video cameras and digital cameras which requires handling of a
large amount of data such as moving pictures and voice has increased a
demand for a magnetic information storage device of a higher recording
capacity. As a result, for increasing the recording density, it is necessary in a
magnetic information_storage medium to increase its bit and track density
and reduce the size of a bit cell. In conformity with the reduction in the size
of the bit cell, a magnetic head performs its operation in closer proximity to
the surface of a disk. Thus, as the magnetic head performs its operation in a
near-contact state or contact state against the disk surface, it becomes

important that a substrate has a super flat surface.
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As descri bed above, the magnetic head is operated in a near contact state
or a contact state and the surface characteristic of the magnetic

i nformati on storage nediumis required to have an increased fl at ness
conpared to the conventional medium Further, 'in addition to the
conventional fixed type hard disks, irﬁ?rnatiOﬂ storage nedia such as
renovabl e type hard di sks and card type hard di sks have been proposed and
put into practice and application of digital video caneras and digital
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density storage nmedi um at ness and snoot hness. Besides, since alum num

al l oy i s congeiredmtb ethel corkeintionmal i arediin. he Fadhem iendddition ate gHeace.
Difficulty also arises in making the magnetic information storage nedium
t hi nner’. cPovenhdonalddinede type t hardretisken pylormationt storage anteddal $wuch iabl e to
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( S[ err] At vhrichis usbOnd-ebebh gEdted. and al um no-silicate gl ass

(Sigerr]-Aferr]derr]-Nerr][err]O. These materials, however, have the
fol | owi ng di sKdventiaghe art df nidgneeicilisk stbstgatesmebeidalafis alwiniwumiaioy al
tenpering process, the chemcally tenpered layer is seriously instable in

maki ng t hEbeli gluminumealloy2)substrateprinmwener: hhas oprejectionst aom -spoffikecss)
Gopr ass: GHRIGsHOpAGm, Hekressions b Uhe HRETERIESNIIRFS HHEIngapOLARIDE duesau
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t enper ed yer, I'ng or ormmng boundary growt h
for a high recording density storage medium in flatness and smoothness.

Besides, since aluminum alloy is a soft material, deformation of the medium
tends to take place. Difficulty also arises in making the magnetic
information stbrage medium thinner. Further, damage of the medium by
contact with a head is liable to occur. Thus, the aluminum alloy substrate
cannot sufficiently cope with the current requiremenfs for a high-speed
recording.

As materials for overcoming the above problems of the aluminum alloy
substrate, known in the art are chemically tempered glasses such as soda-lime
glass (8i0,-Ca0-Na,0) and alumino-silicate glass (Si0,-Al,04-Na,0). These
materials, however, have the following disadvantages: (1) Since polishing is
made after the chemical tempering process, the chemically tempered layer is
seriously instable in making the disk thinner. (2) For improving the contact-
start-stop (CSS) characteristic, the substrate is textured to form projections or
depressions on the surface. Since a mechanical or thermal (i..e., laser
irradiation) processing causes cracking due to distortion in the chemically

tempered layer, the chemical etching or film forming grain boundary growth



3 nethotd needs to be enployed with resulting difficulty in producing the
product in a stable manner at a low cost. (3) Since the glass contains Na20
as an essential ingredient, the glass has the problemthat the filmform ng
characteristics of the mediumis deteriorated and, for preventing diffusion
of NJerr][err]Q it becomes necessary tp apply a barrier coating over the
entire surface of the substrate. This prevents stable production of the
product at a conpetitive cost. Aside fromthe alum numall oy substrate and

chemi cal | enper e ass . n%\g% .t e Q&@c

gl ass- cer'éﬁﬁl:or@ﬂ??aﬁ g{oei’.e %’%i@egfn& 1(13:# elﬂg]ﬂq %s‘??%%pgsfnﬁgl S p?) a ing the
Siqerr]-di NyShiel loWYcolsE(BY ShtdecttRelnBs demanes dahot ant

Appl i cat ié)ﬂr?hﬁgf %}-’%pen- utg?'lh%:l% ?grhl] &o. Heir(Bg-329440 cont ai ni ng | ia't?ﬁ} um

di silicat#n (debéstinl Chertdiédtorthe) ghisd hies rthe -problem tHadr the fBnOferming as

mai n crystal phases is an excellent material as a material textured gver

t he enti rehssactexisticsrofitheahedinm dodeterionated and, frrapreveniing: diftusionypbpul ar
crystal grains,of a - quartz, the cqnventi onal nechanical texturi or
cheni cal gNéxQuwibﬂgom.%eWtf@oﬁl%ﬁi&at é‘?fr?%&’é‘%ﬂ’dhﬁ’é*s e"é’f%% S i shing
(Ra) can ontrolled wthin_a range 0 [ | QF Al

gl ass-cer‘%ﬁit e %%F/it?; C ﬂﬁoprgmqgc?gg%ﬁnﬁ@ﬂéﬁeﬁtﬁfttﬁg élédgjdlc?eﬁnét for
the | ow gl | ecessitated by the rapidly increasing recording
density \?\%Iﬂ]ﬁe@@gg%seﬂg an extrenely small surface roughness (Ra) of 3 Ato
9 A Further, Agiedirom e Aunsihudy glleg substrhtsahd ehenrcily temperedaglass about
t he I anding zone which will be described later in this specification.
Japanese Salistrate/Alpbivacini the drkicde spme glass-reramissukstrates. Aomexarple,
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li t hi um sizhig - (i Lar - S0 Pahd) ad§ddte (bi-Bh0Ymsdhsid égetd fHasker r] O
2SiJerr] ?kﬁﬁﬁﬂf%%%‘?l%zg e%lg‘\%éer Cglleneral I(y hasga poor clﬁjgm crgila .
dur abi | i t i whi 6Xcellaus @daterpalohs emmatepial ttertured over the entire surface in

which, by controlling the grain diameter of globular crystal grains of -

quartz, the conventional mechanical texturing or chemical texturing can be
omifted and tﬁe surface roughness after polishing (Ra) can be controlled
within a range from 15A to 50A. This prior art glass-ceramic, however,
cannot sufficiently cope with the requirement for the low glide height
necessitated by the rapidly increasing recording density which requires an
extremely small surface roughness (Ra) of 3A to 9A, Further, no discussion
or suggestion has been made in the patent about the landing zone which will
be described later in this specification.

Japanese Patent Application Laid-open Publication No. Hei 7-169048
discloses a photo-sensitive glass-ceramic of a Si0,-Li,O system containing Au
and Ag which are photo-s_ensitive metals characterized by forming a data zone
and a landing zone on the surface of the substrate for the magnetic disk. The
predominant crystal phase of this glass-ceramic consists of lithium silicate
(Li, 0  Si0,) and/or lithium disilicate (Li,O - 28i0,) . Lithium silicate however

generally has a poor chemical durability which causes a problem in putting



4 this glass-ceramic to a practical use. Further, in formng the |anding
zone, a part of the substrate (i.e., landing zone) i's crystallized and is
subj ected to chem cal etching by the HF 6% sol ution: It however i ncreases
thermal and nmechanical instability to afford an uncrystallized portion and
a crystallized portion to the disk subsfrate. Besides, in performng the
chem cal etching by the HF solution, control of concentration of the HF
etching is difficult due to evaporation of the HF solution with the result

that the -cerame 1S | | e : c5 10N, :
Japanese_%?é%sgiggﬂngca 9 %ﬁgé%ﬁ%-lé%gh u I}e?a{x?go%%%%llﬁgﬂl :z%éfpegiascl oses
a magnet igarficFtheubebdtphte (i .,eléifdiﬂggio%ieziﬁ:&%ﬂaﬂiﬁd 8nd is subjected to :
Sigerr]-Al[err](Jerr]- Li[err]O system having predom nant crystal phases
of Iithi whethigal etwhing bl ther HFG%2Xsldtiens | Jt hoslewer aeoeasesrthefiial @nd O
Allerr](err] 4Si(Jerr]). This %I'ass-ceram' c, however, contains, as its

o

pr edoni namechanicakingta tpeaffqrd spotnerpsiallizad portien andeysrystellized: nal
expansi on characteristic i ch cquses the supstrate to, have.a negative

Cher nal _ AFHAD 6 Peidhel substrats.  Banes, i parioriing the charmeal SR BREYor Si o
crystals .- quart.z o rl.-S r <CI | Lte (8 -SiO2)
whi ch hath‘%;ﬁSﬁs:"llﬁ?’\?@’ MF%+%§)>{%%%§&% gcélda@gcﬁg??@mlg ﬁ%ﬁﬁ%éﬁ‘y‘* . €°ause
the substdvabBratfoldf¢he MPSdolutién With The RSARNEHAtHeGlad6 c8FdrRid & hét
extrenely restricted. The arithnetic mean surface roughness of this

gl ass- cersuitablafércs logei sthleproductiehi ned as 20A or bel ow but the arithnetic
mean surface roughness disclosed in exanples is a rough.one of 12A - 17A

whi ch fails todJapasese Ratenbhpplicstion Jeridenpeny Bublication dNo-oklgh 9e35234nd,
for the |GARGpReR TaratHe SRLpRErHGe: aohin ol e ainif el gt ARG Ch
or odom naoceyd PfnR AERKER SRR AR PR LRG0 2 0

di f f er encgsiio)) hHe BAdduzhend (IQiLOt-?g{ 4SIORRNSTIS8 g‘#ééﬂcérﬁﬁﬁé,cﬁovbé’ver,
conponent parts of a drive device. Further, since this glass-ceramc
requi res contaiys, t &1ty giredemiham? Qrgsta]l Ghase) 20[-epodiinkne wihych dids zat i on
whi ch prevents a | arge scal e production of the - '

negative thermal expansion characteristic which causes the substrate to have

a negative thermal expansion characteristic and, in this glass-ceramic, growth
of Si0, crystals such as a-quartz (@ -Si0,) and « -cristobalite (c-SiO,)
which have a positive thermal expansion characteristic and thereby cause the
substrate to have a positive thermal expansion characteristic is extremely
_ restricted. The aﬁthmetic mean surface roughness of this glass-ceramic
after polishing is defined as 20A or below but the arithmetic mean surface
roughness disclosed in examples is a rough one of 12A - 17A which fails to
reach the above described desired surface roughness and, therefore, this
glass-ceramic cannot cope sufficiently with the requirement for the low glide
height of a magnetic head. Besides, the material which grows a crystal having
a negative thermal expansion characteristic as a predominant crystal phase
apparently adversely affects the substrate in difference in the coefficient of
thermal expansion with respect to component parts of a drive device.
Further, since this glass-ceramic requires a high temperature of 820°C to

920°C for crystallization which prevents a large scale production of the



5 product at a conpetitive cost. International Publication W97/01164 which
I ncl udes the above descri bed Japanese Patent Application Laid-open

Publ i cati on No. Hei 9-35234 discloses a glass-ceranmc for a magnetic disk
in which tenperature for crystallization is reduced (680[err]C -

770[err]C). A sufficient inprovenent h ver cannot be achieved in this
substrate. Besides, crystals grown in dall exanples disclosed are [err]
-eucryptite (Li[err]O Alferr](err] 2SiJerr]) which has a negative

t hermal expagnsjon characteristic and this adversely affects difference in
the coef fRIOPHRE 2k comPeRivesostinsion with respect to conponent parts of a

drive device. Rutther J E gatsl Qﬁﬁiie t ot .

substantial l'y g&m@n%goﬁuf’ﬁa{@ft e(?éé?gfig(?tpgﬁ% Jel_(&:lt of ot eé(i%goe‘;rﬁ ion to
el i m'nat 1dgaFihad %?aﬁ@é&Phﬁﬁﬁ ABSInd¥Rm Badsorin PUBliSIticH No. Hei'9d3523w i de a
gl ass-ceram c substrate for a magnetic information storage nmedi um having an
excel | entdiktlasess & folass-edrandct fori at nmgnepiebliskofin cwhicly tentgeratwrer domg at a

| ow glide heiﬁgt or contact recording of a magnetic head necessitated by
i ncr ease drystallizatdon isiradyced (680°Cy - FN0Xnm ieng imprayeraenthowvayer
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fi ndi ng, to the present invention, that a glass-ceram c which
I s obt ai neftltheroiglaexpansibh ngithi réspect thi corhponemtnparts of a drive device.

Sigerr]-Li[err]OKlerr] OG-MO ZnOG-Plerr] Qerr]-Al[errég?éer'r -Zrerr]
system gFustheras aifeature of theserpuhlinations: theyyde apt pubstantia isét
| east oneMcr stal phase selected fromthe group consisting of lithium
di silicat gd-i [err]O -2Siderr]), quartz (SiR), quartz solid solution

(Si @2 solid Sﬁ!-%,i ‘Bﬂgref(?{ei, Shf b(%jgéte of %h@zkn@(ﬂﬁuﬁ{ Bt Qﬁﬂihﬁﬁe 38k dbove

described disadvantages of the prior art and provide a glass-ceramic substrate

for a magnetic information storage medium having an excellent flat surface
characteristic capable of coping with recording at a low glide height or contact
recording of ﬁ magnetic head necessitated by increase in the recording
capacity of a magnetic information storage medium.

It is another object of the invention to provide a magnetic information
storage medium having a film of a magnetic medium formed on this glass-
ceramic substrate.

Summary of the Invention

Accumulated studies and experiments made by the inventors of the
present invention for achieving the above described objects of the invention
have resulted in the finding, which has led to the present invention, that a
glass-ceramic which is obtained by heat treating Within a limited range a
Si0,-Li,0-K,0-Mg0-Zn0-P,0,-AL,0,-ZrO, system glass contains, as its
predominant crystal phase or phases, at least one crystal phase selected from
the group consisting of lithium disilicate (Li,O * 25i0,), quartz (Si0y), quartz
solid solution (SiO, solid solution), cristobalite (SiO,) and cristobalite solid



6 solution (Si® solid solution), has crystal grains of the predon nant
crystal phase or phases which are fine and substantially of a gl obul ar
shape, and has an excell ent super-flat surface characteristic after
pol i shing. For achieving the above descgibed obj ect of the invention, there
I's provided a gl ass-ceram c substrate for a magnetic information storage
medi um conpri sing, as a predom nant phase or phases, at |east one crystal
phase selected fromthe group consisting of lithiumdisilicate (Li[err]O

2SiJerr], . having.an interpl aner ,spaci ng,0f _maxi Fum pe | At ensi t asured
by an . SISt RRidk eplh Safufsr b8 R TR oF K% HeBtonibaR oy el "
quartz (Si ril ' an J i ' it Ity .
auar 2 (G ML B RIPLA iSRRG, A EREMBIUEAL abgS) {
3.41A), cRekcellepltisdpsriiat isabfacSchhfidtbristit afted @blitshh?. having an

I nt erpl aner spaci ng of maxi mum peak intensity neasured by an X-ray
diffracti on aFet yehievihghthe abosegdescribed3oljactA of oth@e. 4dvention,i thexeald t e

(Si @2, having_ an interplaner_ spacing of maxi num peak intensity neasured by
an X-ray Rrovidescta oglageraexpmnic wubsirate, fornge magnatic dujormation sstpragey

cristobalite.solid sqolution (Si SOl | ol ution, having an interplaner
spaci ng O‘Peﬁ'&k‘Prﬁ?ﬁ‘?‘%ﬁ‘Pgi W%EF%Mr@Hﬁsﬁyﬂaﬂh&g‘?ﬁaﬁth%%%l tﬁﬂal ysi s
within a e 4 $ i ; €xpansi on
W thin o EARCsOds Eath efords Mnsidfinelof RS diflicfte (TIROTSIOP

t enper at Uhgvingafirteflanep 8h&dink of nPaxifliinPeak inbassidipiiastre®By lansXwi t hi n
a range from30GPa to 150GPa, has Vickers hardness within a range from

4. 5GPa t craysdiffsRetioh analysipsthinca gange froonBtaTiA and S62A) rquartz £5iQ, 2. 8,

has a surface roughness (Ra) after polishing within a range f%%nB to 9A
and cont ahawingEmipplener spacingof maximuspesd ingendby meagHre one

CoPeCt O AR R SRR RIS AR RS
a9l ass- ceagh @HHSLAR SolbBhe hivilelih Mhoedhfirix paBRIESE bbbl oA
intensity measured by an X-ray diffraction analysis within a range from 3.33
A to 3.41A), cristobalite (SiO,, having an interplaner spacing of maximum
peak intensity measured by an X-ray diffraction analysis within a range from
4.04A to 4.14.&) and cristobalite solid solution (SiO, solid solution, having an
interplaner spacing of maximum peak intensity measured by an X-ray
diffraction analysis within a range from 4.042& to 4.14A), has a coefficient of
thermal expansioh within a range from +62 X 107/°C to+130 X 107/°C ina
temperature range from —50°C to +70°C, has Young's modulus within a
range from 80GPa to 150GPa, has Vickers hardness within a range from
4.5GPa to 15.0GPa, has a specific gravity within a range from 2.2 to 2.8, has a
surface roughness (Ra) after polishing within a range from 32 to 9A and
contains Al.zO3 in the amount of 2% to less than 10%.
In one aspect of the invention, the glass-ceramic substrate is
substantially free of Na,O and PbO.
In another aspect of the invention, there is provided a glass-ceramic
substrate wherein crystal grain diameter of lithium disilicate is within a
range from 0.054m to 0.304m, crystal grain diameter of quartz and quartz



range from0.05[err]mto 0.30,um crystal grain diameter of quartz and
quart z 7 solid solution is within a range fromO0:10[errJmto 1.00 [err]m
and crystal grain dianeter of cristobalite and cristobalite solid solution -
is within a range fromO.10[err]mand 0.50 [err][err]m In another aspect

of the invention, the glass-ceram c substrate-conprises in weight percent:

Si Q2 70- 80% Li 20
9-12% K[ err] O 2 - 5% MO + ZnO
0 - 5% in_wich MgO 0- 5% zZn0O

0- 3% p2%plid solution is within a range from 0.104m to 1.09.6m and crysial grain

0.5 - 5%.A120Q03 . . . . . Y S th 10%
Sb[err] 0 ﬁ%e;r om]:qqa&tg rzaﬂd cristobalite solid solution is mt%m aeg%ggez&gn} n °

anot her @i@g?ﬁn‘zﬁgdh ,gyention, the glass-ceramc substrate is obtained by
heat treating a as@#aés for nucleation under a tenperature within a

range from 4BQ[ ahbtert uspalf esf lthel Qhvariion 0 theelglgsdedrasian@ubltrhber heat
treating the glass for crystallization under a tenperature within a range
f r om 680¢cmpiifed in ®eifltrpdréendtor one to twel ve hours and thereafter
polishing the glass- ceramc to a surface roughness (Ra& wi thin a range
from3A to 95802 I n anot her aspect of the inventi onJ0h80% i s provi ded a
magneti c | nfgiﬁt i on storage medi um provi ded by for? ng 2 magnetic film
and, if nece y, other layers including an undercdat ?‘S/er, a protective

| ayer and a icating layer, on the above describegl_glggs-ceramc
substrate. Brref Description of the Drawi ngs In the acconpanyi ng draw ngs,

MgO + ZnO 0 — 5%

in which MgO 0— 5%

Zn0O . 0- 3%

P,0, ) 15— 3%

ZrO, 0.5-5%

AlL,O, 2 — less than 10%

Sb,0,;+ As,O, 0 - 2%.

In another aspect of the invention, the glass-ceramic substrate is
obtained by heat treating a base glass for nucleation under a temperature
within a range from 450°C to 550°C for one to twelve hours and further heat
treating the glass for crystallization under a temperature within a range from
680°C to 800°C for one to twelve hours and thereafter polishing the glass-
ceramic to a surface roughness (Ra) within a range from 3A& to 9A.

In another aspect of the invention, there is provided a magnetic
information storage medium provided by forming a magnetic film and, if
necessary, other layers including an undercoat layer, a protective layer and a

lubricating layer, on the above described glass-ceramic substrate.

Brief . . f the I .
In the accompanying drawings,

Fig. 1is a top plan view of the state of a landing zone formed outside of a



Fig. 1 is atop plan view of the state of a |anding zone forned outside of
a 8 central opening and a data zone formed adjacent to the outer

peri phery of the landing zone of a glass-ceram c substrate for a magnetic
i nformati on storage nedium according to the invention; Fig. 2 is a
sectional view of projections and deprgisions formed in the | anding zone;
Fig. 3 is a sectional view of projections fornmed in the | anding zone; Fig.
4 is a sectional view showi ng height of projections and depressions or

projectio .in_the l.apdin one:, Fhg. 5 is,a sectional vie how:ng
hei ght ofé%}t%%%g’&ﬂg aé@aa 8@}% 5%12‘? é)ﬁgléé]r a%%fi?‘étc{ﬂ 50‘%8?" REHBhery Hgtﬁ%mdi ng
zone; Fig + JaJall %xiﬂfs L Gr -] f yst al
structurem(?f@l"ltl eza g?gsul %rgi%&cd}(%c arrtr{)#g fgigf’ﬁt§ gggg%é%feg%%%itﬁo\}le%@%% after
HF et chi nmediug. acfotrdingto Shdlinv@dso®f the crystal structure of the prior
art glass- ceramc (Conparative Exanple 1) after HF etching; Fig. 8 is an
SEM i mage of Fi®j2ds mosestiandl vegw af projectiohstaml depesssioner forimedoin Bxanpl e 3
of the pregsent invention after irradiation of CJerr] laser, Fig. 9 is an
SEM i mage ¥ 8P8¥t i ons and depressions of the conventional

2 Vi ew show rBi% S EEon Pt B pEtiect b hoBmadlndbe JSpdtpatigiai g syst em
Jone: and Fio 1 e Secfondl ol AR BF BriRbadtd B dhebdfiofy oo

usi ng a ranprdjectitnzdfosmeddnthe 1ahdiE somit and stop of the magnetic head
are performed in an area outside of the substrate. Detail ed Description of

the Inventi onFilsdsima sectiohalviewnshawingpheightiofipnsjectignnd ahdtepressions yst al
grain or projections formed in the landing zone;

Fig. 6 is an SEM (scanning electron microscope) image of the crystal
structure of the giass-ceramic of Examiale 2 of the present invention after HF
etching; _

Fig. 7 is an SEM image of the crystal structurel of the prior art glass-
ceramic (Comparative Example 1) after HF etching;

Fig. 8 is .an SEM image of projections and depressions of the glass-
ceramic of Example 3 of the present invention after irradiation of CO, laser:

Fig. 9 is an SEM image of projections and depressions of the
conventional alumino-silicate tempered glass after irradiation of CO, laser;

Fig. 10 is a view showing a magnetic information storage device using a
landing system in which start and stop of the magnetic head are performed in
the landing zone; and

Fig. 11 is a view showing a magnetic information storage device using a

ramp loading system in which start and stop of the magnetic head are

performed in an area outside of the substrate.

D | -] !D - I- Ell I -

Reasons for limiting the predominant crystal phases, crystal grain

diameter, shape of crystal grains, coefficient of thermal expansion, surface



di aneter, shape of crystal grains, coefficient of thermal expansion,
surface 9 characteristics, conposition and conditions of heat treatnent
wi |l now be described. The conposition of the glass-ceramc is expressed on
the basis of conposition of oxides as in their-base glass. Description wll
be made first about pr edom nant crystal9 phases. The gl ass-ceram c substrate
according to the invention should preférably contain, as a predom nant
crystal phase or phases, at |east one crystal phase sel ected fromthe group
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characteristic which are influenced by shape of crystal grains and that,

for realizi nPestrptionreidkEbd negler foxptiabedt pecdeminsnttcrpstal phpserg Wi th t he
hi gh recordin Tﬁwdensmy, t he above described crystal phase or phases nmust be
cont ai ned as Thieg %mwbewse atcopingtathenyention shenld preferably
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to sone extent ‘and, for this reason, the |nterplaner spacing is defined in
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w || now be made about a coefficient of thermal expansjion. As the recording
density Predominant poestal pphase is amelmm;ﬁent cfagtard whicht de@munssnea
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characteristic which are influenced by shape of crystal grains and that, for
realizing these properties required for a substrate coping with the high
recqrding density, the above described crystal phase or phases must be
contained as the predominant crystal phase or phases. There is no limitation
as to the type of these crystals, i.e., a type or 8 type, because the required
properties of the glass-ceramic can be satisfied as a whole by suitably
controlling the grown crystals.

In the glass-ceramics, the crystal is grown in the base glass and is
influenced by the ambient glass and other crystals. Hence the X-ray
diffraction peak sometimes shifts to some extent and, for this reason, the
Interplaner spacing is defined in the claim to accurately specify the
predominant crystal phase.

Description will now be made about a coefficient of thermal expansion.
As the recording density increases, positioning of the magnetic head relative '
to the information storage medium requires a high precision and, therefore, a
high accuracy of dimension is required for the substrate and respective
component parts for the medium. Therefore, an influence of difference in the

coefficient of thermal expansion between the substrate and the component



conponent parts for the nmedium Therefore, an influence of difference in
the coefficient of thernmal expansion between the substrate and the
conmponent 10 parts for the medi um cannot be ignored and difference in
the coefficient of thermal expansion nust be reduced to the maxi num ext ent
possi bl e. However, each manufacturer ofiga magnetic information storage
device has its own standard in selecting conponent parts. For this reason,
in the crystal system of the present invention, a range of coefficient of
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advant age% gtgor the mass of the disk substrate during high speed rotation
but the c #@ ition for realizing this specific gravity is limted and it
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there is a growing tendency toward a high speed rotation of the magnetic

information storage medium. For coping with this tendency, a material for a
substrate must be one which can prevent vibration of a disk caused by
deflection of thé substrate during high speed rotation to the maximum extent
possibie. Specific gravity is one of factors which relate to the vibration of the
disk. If specific gravity of the substrate exceeds 2.8, there is a remarkable

‘tendency toward vibration caused by the mass of the substrate itself during
high speed rotation, though it depends upon the number of rotation. On the
other hand, if specific gravity is below 2.2, it is advantageous for the mass of
the disk substrate during high speed rotation but the composition for realizing
this specific gravity is limited and it is difficult to satisfy other physical -
properties with this limited composition. Having regard to balance with
various physical properties, the specific gravity should be within a range from
2.2 to 2.8. For coping with high speed rotation, a preferable range of the
specific gravity is from 2.2 to 2.6 and a more preferable range thereof is from
2.3 to 2. 5.

Young's modulus can be mentioned as a desirable property for



specific gravity is from2.2 to 2.6 and a nore preferable range thereof is
from2.3 to 2. 5. Young's nodulus can be nentioned as a desirable property
for preventing vibration of the disk during high speed rotation. I|f
Young's nodulus is high, vibration of ‘the disk  during high speed rotation
can be prevented and, for this reason,Young's nodulus should at |east be
80GPa As to the upper Iimt, a higher Young's nodulus is preferable from

t he standpoint of preventing vibration but an excessively high Young's
nmodul us requires a |arge specific gravity for realizing it and_such |arge
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As described above, Young's modulus and specific gravity are important

factors for preventing vibration during high speed rotation of the disk. Asa
result of further study of this balance, it has been found that there is a
preferable range i_n the ratio between Young's modulus and specific gravity.
More specifically, the above described requirement can be cleared if the ratio
of Young's modulus(GPa)/specific gravity is within a range from 37 to 50 and if
this ratio is within a range from 40 to 50, matching at a higher level can be
realized.

Description will now be made about Vickers hardhess. There is a
remarkable increase in portable type information devices such as mobile
computers. In a storage medium used for this type of device and a storage
medium of a removable type, a certain surface hardness is required in
addition to mechanical strength for preventing vibration so that the storage
medium can stand a shock caused when it is carried by the user. For
satisfying such requirement, Vickers hardness should be 4.5GPa or over.
Since an excessively high hardness reduces processability of the substrate, the

upper limit should be 15GPa. A preferable range of Vickers hardness is from



satisfying such requirenent, Vickers hardness should be 4.5GPa or over

Si nce an excessively high hardness reduces processability of the substrate,
the upper Iimt should be 15GPa. A preferable range” of Vickers hardness is
from 12 4. 7GPa to 12GPa and a nore preferabl'e range thereof is from4.9
GPa to 10GPa. Reasons why the substratg,does not substantially contain
Na[err] O and PbO w Il now be described. Na[err]Oin a nmaterial causes

probl ens in producing a high precision and fine-grained magnetic film If
the substrate-contains this ingredient, diffusiopn of Na jon intq the
magnetic fi1GRadeut2GRarand a more Wfﬂf@@bg? KnEe &g@&"fdﬁ oy 4 4Es tone
magneti c Ehbﬁ;grains to becone coarse and deteriorates orientation with .
resul ting &ioration in the magnetic property. Further, the diffusion of
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Since the glide height of the magnetic head is reduced to 0.025m or
below with improvement of recording density on the magnetic information
sforage mediu_m, the data zone on the disk surface is required to have a
surface roughness (Ra) of 3A to 9A which enables this glide height. If the
surface roughness is larger than this, the magnetic head of a low glide height
collides with the storage medium resulting in damage to the magnetic head or
the storage medium which will disable inputting and outputting of data.

As to the grain diameter of the grown crystal grains, the crystal grain
diameter of the crystal phase is an important factor for obtaining a glass-
ceramic having the above described super-flatness (82 to 9A in the data
zone). If the crystal grain diameters of the respective crystal phases are
outside of the ranges defined above, a desired surface roughness cannot be
obtained. As to the shape of the crystal phases, the.crystal phase shovld
preferably be grown as globular grains for obtaining a relatively large surface
roughness within the above described range of surface roughmess. The
globular grains of the crystal phase are exposed on the surface of the substrate

after polishing and thereby realize an excellent surface which is flat and has



preferably be grown as globular grains for obtaining a relatively large
surface roughness within the above described range of surface roughness.
The gl obul ar grains of the crystal phase are exposed on the surface of the
substrate after polishing and thereby realize an excellent surface which is
flat and has 13 no flash. If it is ¢ggsired-to obtain a relatively smal
surface roughness within the above described range of surface roughness, it
is preferable to have fine crystal grains distributed uniformy. Reasons
for linmting the conposition range of the base glass as defined in the
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melting property of the glass and prevents e grown crystals from becom ng
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cannot be achieved whereas if the -anount of this ingredient exceeds 5% it
wi || causkecen inatable and tthesegoaims tend to become coarse. If the amount of

this ingredient exceeds 80%, d1fﬁculty arises in melting and forming of the

glass.

The Li,O ingredient is a very important ingredient for growing lithium
disilicate (LizO_ + 25i0,) as a predominant crystal phase by heat treating the
base glass. If the amount of this ingredient is below 9%, difficulty arises in
growing of this crystal phase and also in melting of the base glass. If the
amount of this ingredient exceeds 12%, the grown crystals become instable
and those grains tend to become coarse and its chemical durability is
deteriorated. |

The K,O ingredient improves the melting property of the glass and
prevents the grown crystals from becoming too coarse. If the amount of this
ingredient is below 2%, these effects cannot be achieved whereas if the
amount of this ingredient exceeds 5%, it will cause coarseness of the grown
crystals, change in the crystal phase and deterioration in chemical durability.
Having regard to the balance of these factors, a preferable range of this
ingredient is 3% to 5%.

The MgO and ZnO ingredients are effective for enabling the crystal
grains of lithium disilicate (Li,O - 25i0,) to grow in a globular shape, enabling



crystals, change in the crystal phase and deterioration in cheni cal
durability. Having regard to the bal ance of these factors, a preferable
range of this ingredient is 3% to 5% The MyO and ZnO i ngredi ents are
effective for enabling the crystal grains of li'thiumdisilicate (Li[err]O
2SiJerr]) to grow in a globular shape, ,enabling 14 crystal grains of
quartz (Sigerr]) and quartz solid solution (SiJerr] solid solution) to
grow in a gl obul ar shape consisting of aggregated particles, and enabling
cristobalite (Sigerr]) and cristobalite solid solution (SiQ2 solid

sol ut i on) CYStHrSrAINT oL eAE (Bi0.) emdmarkn solid selutionr (S0 solid kelukipd) to _
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The total amount of the MgO and ZnO ingredients should preferably be 1.2%
to 5%.

The P205_' ingredient is indispensable as a nucleating agent. For
enhancing forming of nucleus and preventing the grown crystal grains from
becoming too coarse, the amount of this ingredient should be 1.5% or over.
For preventing opaque devitrification of the base glass and maintaining stable
large scale production, the amount of this ingredient should be 3% or below.

The ZrO, ingredient is an important ingredient which, in addition to the
functions, like the P,0; ingredient, as a nucleating agent, is effective for
making the grown crystals fine, improving the mechanical strength and
improving the chemical durability. If the amount of this ingredient is below
0.5%, these effects cannot Be achieved. If the amount of this ingredient
exceeds 5%, difficulty arisesin melting of the base glass and ZrSiO, and the
like slug are left unmelted.

The Al,O, ingredient is effective for improving the chemical durability
and hardness of the glass-ceramic. If the amount of the Al,O, ingredient is

beloﬁv 2%, these effects cannot be achieved whereas if the amount of this



0.5% these effects cannot be achieved. If the amount of this ingredient
exceeds 5% difficulty ariessin nelting of the base glass and ZrSi &4 and
the like slug are left unnmelted. The A1203 ingredient is effective for

i mproving the chem cal durability and hardness of the glass-ceramc. If the
amount of the Al[err]Jerr] ingredientiks bel ow 2% these effects cannot be
achi eved whereas if the anount of this 15 ingredient is 10% or over,
melting property and resistivity to devitrification are deteriorated, and
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are all satis the er m c substrat t he p esent invention.
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to 2% and, preferably up to 1%, will suffice.

Additionally, a substrate material is required to be free from defects such
as crystal anisotropy, foreign matters and impurities, have a fine and uniform
grains and Mther have mechanical strength, a high Young's modulus and
surf_.'ace hardness which can sufficiently stand a high speed rotation and
contact with a magnetic head and a portable use such as a removable storage
medium. Such requirements are all satisfied by the glass-ceramic substrate
of the present invention.

| For manufacturing the glass-ceramic substrate for a magnetic
informatior_l storage medium according to the invention, glass materials of the
above-described composition are melted and are subjected to a hot or cold
forming process. The formed glass is subjected to heat treatment under a
temperature within a range from 450°C to 550°C for one to twelve hours for
nucleation and then is subjected to further heat treatment under a
temperature within a range from 680°C to 800°C for one to twelve hours for
crystallization.

The predominant crystal phase of the glass-ceramic thus obtained is at



above-descri bed conposition are nelted and are subjected to a hot or cold
formng process. The fornmed glass is subjected to heat treatnent under a
tenperature within a range from450[err]C to 550[err]C for one to twelve
hours for nucleation and then is subjected to further heat treatnent under
a tenperature within a range from 680[ggr]C to 800[err]C for one to twelve
hours for crystallization. The predom nant crystal phase of the

gl ass-ceram ¢ thus obtained is at 16 | east one crystal phase sel ected
fromthe group consisting of lithiumdisilicate (Li[err]O_ 2Si(err]),
quartz ( &astonequastal phake gelestad from thei goupotangistingief bthiunt distlicasel it e -
(Sigerr]).and gi.istobalite, salid soluti (Si,d.errl.s0lid.solytion). The
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magnetic i nformation storage nedi um nade according to the invention and
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di scl osed in Japanese Patent Application Laid-open Publication No. Sho
62- 72547 mapnerartat prayidx anglass-ceramic substrate for a magnetic information

storage medium having a surface roughness (Ra) within a range from 3A to 9

A.

Examples

Examples of the present invention will now be described.

Table 1 shows temperatures for melting raw materials in manufacturing
each glass and glass-ceramics. Tables 2 to 5 show examples (No. 1 to No. 10)
of compositions of the glass-ceramics substrate for a magnetic information
storage medium made according to the invention and compositions of the two
prior art Li,0-SiO, system glass-ceramics disclosed in Japanese Patent
Application Laid-open Publication No. Sho 62-72547 (Comparative Example
1) and Japanese Patent Application Laid-open Publication No. Hei 9-35234
(Comparative Exampl_é 2) together with the temperature of nucleation,
temperature of crystallization, crystal phase, crystal grain diameter, crystal
grain shape and surface roughness (Ra) of the data zone after polishing. In
Tables 2 to 5, lithium disilicate is abbreviated as "LD", quartz and quarts
solution as "QU", cristobalite and cristobalite solution as "CR" and the

globular shape of aggregated particles as "glob. agg" respectively.



1) ‘and Japanese Patent Application Laid-open Publication No. Hei 9-35234
(Conpar.ative Exanple 2) together with the tenperature of nucleation,
tenperature of crystallization, crystal phase, crystal grain dianeter,
crystal grain shape and surface roughness (Ra)'of the data zone after
polishing. In Tables 2 to 5, lithiumdjsilicate is abbreviated as "LD",
quartz and quarts solution as "QU', cristobalite and cristobalite solution
as "CR' and the gl obul ar shape of aggregated particles as "gl ob. agg"

respectively. 17 Table 1 C assification by conposition system Melting
tenperature of glass ([err]C) A120-Si Q2 gl ass 800
- 900 MO Alferr]derr]-Sigerr] glass-ceramcs 1300 - 1400
ZnO-Alferr]O[err]-Sigerr] glass-ceramcs 1250 - 1350
Liferr]OA[err](Jerr]SigJerr] glass-ceramcs 1300 - 1400
G ass-ceram cs of the present invention 950 - 1150 18 Table 2
Exanpl es | ngredi ent s(wei ght % 1 2 3 S
76.5 76.5 76.5 Li 20 10.5
10.5 10.5 P205 2.3 : 2.3
2.3 Zr2 1.9 1.9 . 1.9 A1203
3.5 3.5 3.5 Mo 0.8
0.8 0.8 znO 0.5 0.5
0.5
Table 1

Classification by composition system Melting temperature of glass (°C)

ALO4-Si0, glass 800 - 900

Mg0-AlL0;-Si0, glass-ceramics _ - 1300 - 1400

Zn0-Al,0,-Si0, glass-ceramics - 1250 - 1350

Li,0-Al, O4-Si0, glass-ceramics 1300 - 1400

Glass-ceramics of the present invention 950 " - 1150



Klerr]0 " 3.8 3.8 3.8
Sb[err]derr] 0.2 0.2 0.2
Nucl eation tenperature ([err]C 540 540 540
Crystallization tenperature([err]C 730 760 780
Predom nant crystal phase L 18 LD LD Grain
di aneter (average, [err]m 0.1 0.1 0.1 Crystal grain
shape gl obul ar gl obul ar gl obul ar Predom nant crystal
phase CR CR Grain dianeter (average, [err]m
0.3 0.3 Crystal grain shiable 2 gl obul ar _
gl obul ar Predom nant crystal phase QU
Grain dianeter (average, [err]m Examples 0.3 Crystal
grain shape .. . gl ob. agg Coefficient of
t her nal Zﬁiﬁ'ﬁg’rec?ﬁswlg_]@f(@rr] /[err] Q) _ 62 :
0 : 76 Young' s nodul us (GPa) 8

120 Vi cke?s *har dness ( GPa) 776‘5 %é 7%152 Speci fic
gravity ILiO 2.35 o040 0 Surfaceypgughness
(Ra) (A = 3 4 8 191:%) le 3 Exa (?B
| ngr edi enPgQmei ght % 4 2.3 5 6 Si @3
75.9 . 76.5 76.8 Li[err]O 10.5
10.5 ZrO, 10.5 P205 1.9 195 1.9.3
2.0 Zrgq 2.5 2.0 1.9
Al[ err] O[éisz 3.53. 5 353 5 856 3.5 Mo
0. Mgo 1. 0 0.8 0.8 0.8 0.8

ZnO 0.5 0.5 0.5

K,0 3.8 3.8 3.8

Sb,0, 0.2 0.2 0.2

Nucleation temperature (°C) 540 540 540

Crystallization temperature(°C) 730 760 780

Predominant crjrstal phase LD LD LD

Grain diameter (average, 4 m) 0.1 0.1 0.1 -

Crystal grain shape globular globular gIQb!]la.r

Predominant crystal phase CR CR

Grain diameter (average, 4 m) 0.3 0.3

Crystal grain shape globular globular

Predominant crystal phase QU

Grain diameter (average, L m) 0.3

Crystal grain shape glob. agg

Coefficient of thermal expansion

(X107°C) (-50°C - +70°C) 62 70 76

Young's modulus (GPa) 85 90 120

Vickers hardness (GPa) i 9 12

Specific gravity 2.35 2,40 2.50

Surface roughness (Ra) (3) 3 4 8



Zno : 0.5 0.5 0.5 Klerr]O

3.8 - 3.5 3.8 Sb[err](err] ' 0.2
0.2 0.2 Nucleation tenperature ([err]C = 540 540
540 Crystallization tenperature([err]C 770 - 760 _ 780
Predom nant crystal phase LD 19 LD LD Grain
di aneter (average, [err]m 0.1 0.1 0.1 Crystal grain
shape gl obul ar gl obul ar gl obul ar Predom nant crystal
phase CR CR CR Grain dianeter (average, [err] rr)
0.3 0.3 '0.3 Cryst arblgr a8n shape gl obul ar
gl obul ar gl obul ar Predom nant crystal ph
QU Grain dianeter (average, [err] m aﬁmmm@—s . 0.3
Cryst al qfn%‘r@dx% . _ gl ob, agg
Coef ficient” of t%gr o e>2pansi on (X J.U[4el’l’jlb) (-Eé‘mﬂ'f,hﬁ%fﬂr] (@)
72 Si0, 74 79 Young' g5@dul us (@ms %63
100 142 Vi ckers hardness .(GPa) 8
12 Speci fhig0 gravity 10.555 10.5 2.47 ©  10.52.55
Surface reéhghness (Ra) (A 3 6 -9 20 Tabl e
4 Exanpl sngr edi ent s(wei ght % 2.5 7 2.3 8 2.0 9
Six2 . 76.0 76.5 76.5 Liferr]O
11.0  20: 49 g 10.5 P205 26 2.0 14’ 0
2.3 2.4 ZrQ2 , 9 9
15 AtfertiOrerr] | 35 ;5 385 5.5 85 3.5
MgO 06 1.0 0.8
Zn0 0.5 0.5 0.5
K,0O 3.8 3.5 3.8
Sb, 0, 0.2 0.2 0.2
Nucleation temperature (°C) 540 540 . 540
Crystallization temperature(°C) 770 760 780
Predominant crystal phase LD LD LD
Grain diameter (average, #m) 0.1 0.1 0.1 .
Crystal grain shape globular globular globular
Predominant crystal phase CR CR CR
Grain diameter (average, m) 0.3 0.3 0.3
Crystal grain shape globular globular - globular
Predominant crystal phase | QU
Grain diameter (average, 4m) 0.3
Crystal grain shape glob. agg
Coefficient of thermal expansion
(X107/°C) (-50°C - +70°C) 72 74 79
Young's modulus (GPa) 111 100 142
Vickers hardness (GPa) 10 8 12
Specific gravity 2.55 2.47 2.55

Surface roughness (Ra) (&) 3 6 9




1.0 1.3 0.8 zZnO

MyO |
0.3 0.5 0.8 Klerr]0 3.8
3.8 3.8 Sb[err] err] 0.2 0.2
0.2 Nucl eation tenperature ([err]C “* 540 ' 530 . 540
Crystallization tenperature([err]C) 75§ . 740 780
Predom nant crystal phase LD LD LD Grain
di aneter (average, [err]m 0.1 0.1 0.1 Crystal grain
shape gl obul ar gl obul ar gl obul ar Predom nant crystal
phase CR Grai n di andgble (ﬁverage [err]m
0.1 Crystal grain shape | obul ar Predom nant crystal
phase QU QU G ai rﬁ'ﬁﬁ%ﬁi@er (average, [err]m
0.3 grai n shape gl@b. agg
gl ob. agg ége?% m@;\té}%f )t her mal expan5|7on (X 10 //fLerrJ O (- ]C -
+70[err] @iQ, 65 67 76.0 78 Youngsg nodul us Q@%ﬂ) :
110 . 122 125 Vi ckers hardness (GPa) :
7 Li,O 9 Specific gravity 110 2. 4100 . 214£B5
2.50 Surface roughness (Ra) (A 9 21
Tabl e 5 Bxwpl e Conpar ati ve Exanp?@s | ngr edi eﬂt3s(vvm ght % 2.4
10 2 Si 76.
800 20 735 120 19 18 5 15,
13 5 P205 2. 5 3 Zrgerr]
% Lo £8 g5 3%
1.0 1.3 0.8
ZnO 0.3 , 0.5 0.8
K,0 3.8 3.8 3.8
Sb,0, 0.2 0.2 0.2
Nucleation temperature (°C) 540 530 . 540
Crystallization temperature("C) 750 740 780
Predominant crystal phase LD LD LD
Grain diameter (average, (&m) 0.1 0.1 0.1.
Predominant crystal phase CR
Grain diameter (average, U m) 0.1
Crystal grain shape : _globular-
Predominant crystal phase | QU QU
Grain diameter (average, fm) 0.3 0.2
Crystal grain shape glob.agg  glob, agg
Coefficient of thermal expansion
(X1077°C) (-50°C - +70°C) 65 67 78
Young's modulus (GPa) 110 122 125
Vickers hardness (GPa) 7 7 . 9
Specific gravity 2.41 2.48 2.50

Surface roughness (Ra) () 3 4 9



Al[err]O[err] 3.4 3.0 3.5 MyO
0 .

0.8 znO 0.4
1. 0 0.5 K20 3.9 3.5
3.8 Sb[err]Q err] ? 0.2- 0.3 0.2
Nucl eation tenperature ([err]C 56054 - 540 540
Crystallization tenperature([err]C 770 800 780
Predom nant crystal phase LD LD LD Grain
di aneter (average, [err]m 0.1 .5 1.0 Crystal grain
shape gl obul ar aci cul Bable 5 gl obul ar Predom nant crystal

phase CR Grain anet er. era [err] rr)
0.3 0.3 Cry in shwﬁmmr
gl obul ar d?%;}];g dom.nant crys phase QU Grain @ aneter
(aver age, I[I%Irr %%hg(?/st al grai n-sn%%e-————]mm—c?e-m ci ent
of thermagl@xpanm on (X 10-7[err]/C) ¢g90[err]C - 307(5)[err] © 173575

12 80

60 61 Young's nodul us (GPa)

80 Vi cker &ij@ur dness (GPa) 12 10.5 6 8.2 : 133Fpecific
gravity 2.58 2.48 2. 45 Surface roughness (Ra)
(A 2,04 12 112.5 22 For nehlfacturing 2

gl ass-cergnm.c substrate of the above d ri bed gex mat eri al.s
i ncl udi ng kdes, carbonates and nitrat g are rﬁﬁwéﬁd nol ten ]rah
conventionglanelting apparatus at a tegpfrature Wi n the rangeg f r om about
1350 [err]r‘%“(?’o about 1450 [err]C. The nblten glass I'S stirred to hom)genl ze

it and thegeefter fornmed into a disk shgpe and- anneal ed to proy.ge a
formed gl ass. Then, the formed glass is subjected to heat

ZnO - 04 1.0 0.5
K, 3.9 3.5 3.8
Sh,0, 0.2 0.3 0.2
Nucleation temperature (C) 560 540 . 540
Crystallization temperature(°C) 770 800 780
Predominant crystal phase LD LD LD
Grain diametef (average, (m) 0.1 1.5 1.0 .
Crystalgrainshape ~  globular acicular _globular
Predominant crystal phase CR CR CR
Grain diameter (average, (L m) 0.3 0.3 | 0.3
Crystalgrainshape ~~~  globular globular ~ globular
Predominant crystal phase QU |

Grain diameter (average, ﬂm) 0.3

Crystal grain shape glob. agg

Coefficient of thermal expansion

(X107C) (-50°C - +70°C) 75 60 61
Young's modulus (GPa) 120 80 _ 80
Vickers hardness (GPa) 12 6 7
Specific gravity 2.58 2.48 2.45

Surface roughness (Ra) (&) 4 12 11




treatnent to produce the crystal nucleus under a tenperature within the
range from 4500C to 550[err] C for about one to twelve hours and then is
further subjected to heat treatnent for crystallization under a tenperature
within the range from680[err]C to 800[err]C for about one to twelve hours
to obtain a desired glass-ceramc. Thep, this-glass-ceramc is |apped with
| appi ng grai ns having an average grain dianeter ranging from5[err] mto 30
[err]mfor about 10 mnutes to 60 mnutes and then is finally polished with
a cerium oxide haying grain djanmeter ranging fromO.5[err]mtq 2[err]mfor
about 30 ni nu¥e& Mmanyactumeg dhe siatscamangsiubskrade pidhe. alove fesaribesd r at e

Is rotated _in {he fixed Q02 |aser itrradigtion systemand pul se |aser,is .

i rradi at CEFEIRIES, Matetials ngluding %‘i‘?ﬁﬁ Oé’@tt?%ﬁ'gazﬂjr SE%%PH&&&@ on the
| andi ng fit . | o4S a4, .
Land! 19, S3Re8 in RvaHAOLARRR I SoBkiat Y BBl S e
showi ng tfiemgabott S1356C! & Gfboufe145@ G- CeTleM moltbn Eghise! & ktadé®r tdF
etching and Fig. 7 is an SEMinmage showi ng the grain structure of the

gl ass- cerhomogediz€abpamdt theeedfkanfdbmmdd dhtera idisletshiapegandi annéaled tn SEM

i mage showi ng_ proj ecti gns_and/ or_ depressions of _the gl ass-cerani c_of
Exanpl e Pwvide 4 formaed: glassor Then, sber formedy glasss ignswipretedage beakni ng

Gl ass. af (epafheafEh aBugy the sy ol MOt ot £ remriratie FAASn Y i oo

6 and 7, .Hifge%@li‘%g@@aﬁ% ﬁBo‘?f .f&PE%@titecEtlﬁ‘x{‘gor ﬁ@ég%@giog}gr ﬂ‘?l fildd & fiitnds oM the

conpar at i ve “exanpl es~ of e prior system

gl ass- cergifBjédtedl fo hdat Ereutindht BradrysSHIBARIGK uAder § tympRlatifdiwithiipgle | 0
the gl ass-ceram cs of the present Invention, a predom nant 23 crystal

phase or nangedromh680fC to 8001 der aboet ong $0 dwehiechewsctocalitain far desitdde group
consisting of lithiumdisilicate (Li[err]0 2Sierr], quartz (SiO2), quartz
solid sol§lapwrenaanip Jdieng thig glassoepramie islapped with lapping gyajing hgving

cristobalite solid solution, (SiJerr] solid solutionk h rystal grains

whi oh ar o7 PYEge mEn marerraarey feis g mn@ 4SS keI G et Ot ve

Exanpl el §0'eniruths YA then is finally polished with a cerium oxide hayving grain
diameter ranging from 0.54m to 24 m for about 30 minutes to 60 minutes.

Then the polished glass-ceramic substrate is rotated in the fixed CO, laser
irradiation sys'tem and pulse laser is irradiated onto the substrate to form
projections and/or depressions on the landing zone of the substrate.

" The crystal shapes of Example 1 and Comparative Example 1 are shown
in Figs. 6 and 7. Fig. 6 is an SEM image showing the grain structure of the
glass-ceramic of Example 1 after HF etching and Fig. 7 is an SEM image
showing the grain structure of the glass-ceramic of Compérative Example 1
after HF etching. Fig. 8 is an SEM image showing projections and/or
depressions of the glass-ceramic of Example 3 after irradiation of CO, laser.
Fig 9 is an SEM image showing projections- and depressions of the
conventional alumino-silicate tempered glass after irradiation of CO, laser.,

As shown in Tables 2 to 5 and Figs. 6 and 7, the glass-ceramics of the
present invention are different from the comparative examples of the prior art
Li,0O - SiO, system glass-ceramics in the crystal grain diameter and crystal

grain shape. In the glass-ceramics of the present invention, a predominant



disilicate crystal phase has an acicular shape and has a large grain
dianeter of 1.0[err]mor over. In view of the current tendency toward the
super flatness, the glass-ceram cs of the conparative exanples will cause
difficulty in the surface roughness after polishing and cause ot her
defects. The gl ass- ceram cs of Conpargagi ve Exanples 1 and 2 have surface
roughness Ra of 11A and over which shows that it is extrenely difficult in
t he conparative exanples to obtain an excellent flat surface characteristic

fﬁg?’% o PERITRIEES R RRes ik JLAL Eash Que ChURI=E Bag PaICGHdy A the anet er
her ol cToare ARl SPEILAUPRANIGHE (Fho, FOBRTY Muarth (7 SRR pefld "

present i golatiohqBiOf86lid BSlion G Miohakte ﬁi@@ A8 crisBbaltd S0l 8 lSoRATor he
magnetic i nformati on storage nedium and the imagnetic informtion storage

devi ce ca(fi®; &ulideolmiion) Gast keysthhpraies anhichs abst finé eglobhldrh grajmye
descri bed _exanples are fornmed filns of a O internediate layer (80nm, a

Co- O magWetereas ipe the sglasy-caramic of Compasative cExample (1,0n ke blithine DC
sputtering:. et hod. Then, a perfl uor.opol yether |upricant (5n .S coated
oo The Histiate Crysial Bhase banenasiauas bane aud hat pJAres SrBaiAEttgh:  The
tie i iy ; . . _ alid
motont | asofLBUER et IR UM BE Uity PG S0l AR (REREBOL BRLRRA™
oW Ng t0 tHes ghisRlerSiicsSHP Bhe cbAipa®afive fixaiifles WﬂPcﬁ@!‘ﬁiﬂi@ﬂtﬁfﬁf gEd i on

storage nedium of the invention can be used for the Informatioh storage

devi ce of suiface awpghness raftery pobishing whid ltaube othgpetdefecteadTher Ehisss
inputting and outputting of signals in contact with the surface of the

i nf or mat | AFamies ahComparativaibinamples drangd Adave spafacsaonghuess Rawfiltd  An
le of _the gl ass- ' 1rat tic.i ti t
o i oot APV POCh HTS AERErTt © SRS GLHouE. iny b SomRRE v Eas o

landi ng z9nem B1ds Qb Bolat A bxlftit o suPBicl G ractBRdtid rg&{l_ﬁea.o ne 2

The glass-ceramic of Comparative Example 2 contains [ -cristobalite as a

predominant crystal phase but has a large grain diameter and hence a large
surface roughness (Ra). Moreover, it has a coefficient of thermal expansion of
61 which is oufside of the range defined in the present invention. For these
reasons, an exceﬂent matching between the magnetic information storage
medium and the magnetic information storage device cannot be secured.

On the glass-ceramic substrates of the above described examples are
formed films of a Cr intermediate layer (80nm), a Co-Cr magnetic layer
(50nm) and a SiC protective layer (10nm) by the DC sputtering method.
Then, a perfluoropolyether lubricant (5nm) is coated over the formed film to
provide a magnetic information storage medium. The magnetic information
storage medium thus obtained can reduce the glide height as compared to the
prior art magnetic information storage medium owing to its excellent super
flatness. Further, the magﬁetic information storage medium of the invention
can be used for the information storage device of the ramp loading system in
which the magnetic head performs inputting and outputting of signals in

contact with the surface of the information storage medium without damaging



formed adjacent to the outer periphery of the | anding zone 3. The reference
character 4 designates an area called "ring". An exanple of projections
and/ or depressions formed in the |anding zone and an exanple of a
projection forned in the | anding zone are showi in Figs. 2 and 3. An
exanpl e of interval "and height of projggtions -and/ or depressions i s shown
in Fig. 4 and another exanple of height of projections is shown in Fig. 5.
Fig. 10 shows a magnetic information storage device using the | anding zone
systemin which start and stop of a nagnetic head are perfornmed in the

| andi ng ibﬁb@aﬁngnmﬁnshoms a magnetic information storage device using the

ranp | oadi ng ,systemin {ch start and stop of the magnetjc head are: _
performed in e?&?@é’ll%ﬁﬁbﬁeglﬁﬁs'%nﬁﬁgﬂéﬁg’@tﬁ dop enmagmetic isdereatieni um

roat um cSirR AR AR ARNP R R fBhich FROR fp EE-f 74 pEBEaR 15

2Si @2, hawkng 1Adint S50 BREmRAAAD AR chemrgﬂg\%ﬁgk%gghg%?agx @g)sﬂr ed by

an X-ray diffraction analysis within a range and (2)
at | east fomeed aylfticaht 06 8he outdrepdriphéryost theclandngd z6661 8l S Thadreférengbar t z
(Sigerr]. having an interplaner spaci ng of maxi mum peak intensity measured
by an X- chgratter 4 desigmatesan pges calledimng’.r ange from 3. 33A to 3.41 A),
quartz solid solutiop (Si Q2 solid sglution, having an. interplaner spacing
of maxi mum pédke¥ampleskRrojrciionsan rrssigys fnmediin the landing gesewi t hin
a range o 0.3 41.A). ckistagbalit i 2. having an interplaner
spacing 0 a@&‘i‘? nn'r??h%ecg% P’fﬁ%ﬁqr{@rﬁﬁggﬂ‘r%ﬁiﬁéﬁﬁg ?)Qplgév:ecf?‘f)ﬁna’& & gna! ysi s
Wi thin agpdgle Ak efhthplé6f irfte ag;%u Eéighe bf gf@?&idﬂseaﬁabi ﬂeﬁmsﬁrdn%rls( Si @2
solid solution, having a I nterplaner spacin maxi mum peak 1 ntensrty
neasur ed shywarin¥Figay shd hhetHeraxaaiple WEheight! ¢fl profectidngds shewndinOR#y. t 0
4.14A), has a coefficient of thermal expansion within a range from +62 x

10-7/[erP}C to + 130 x 10-[err]/[err]Cin a tenperature range from-500C to

+70[ err] C, hﬁ Y%ln%' s nodulus wWithin a.range frOén 80CGPa, t o 150GPa, has
g. 10 shows a magnetic information storage device using the landing

zone system in which start and stop of a magnetic head are performed in the
landing zone. Fig. 11 shows a magnetic information storage device using the
- ramp loading _system in which start and stdp of the magnetic head are

performed in an area outside of the magnetic information storage medium.



Vi ckers hardness within a range from4.5Ga to 1 5.0GPa, has a specific
gravity within a range from2.2 to 2.8, has a surface roughness (Ra) after
pol i shing wi thi rom 3A to 9A and contains Al[err]O[err] in the
anount of 2 WEI ht 1\ an 10 weight % 2. A glass-ceram c substrate
as defined in Ll““ substangsal Iy free g 3 2 ngEERBC.

26 3. A gl ass- strafe as defined in clai ' Nerein c yst al
grain di ameter of I|th|umd|S|I|cate|s within ara vl IN= mto
0. 30[err!m_. crystal grain dianmeter of quartz and dua ~Solid solution is

W t hin e fromO.10[errJmto 1.00[err]mand crystal grain di arreter of
CrIStObaJ[nAag dcrlstobalte sglid solution.is within a range fy.

0.10[err “CSTRIMC BU ﬁtr&F%l or & MBAgRetiG, juformation; steragecmadi ul&‘ny of °
gl)a' gfs%]ﬁ%gﬁ\é' % & Cr%ﬁBRﬁn&nP %h%é 3 ﬁﬁggers, %Slea%%g/&&F t rf@ée Si @

O- g?;o gﬁé@lé’ctgd' @om the group consisting of lithium dlsﬂlca}e L 0 3840, ThiinghdVb O
0 - 0

1.5 - 3%nfefflaner spacing of maximum peak intensity measulﬁdSbﬁ%lﬂlefhy
2 - less than 10%Sb[err] rr]+As[ferr] 453]
0-2% 6.diffrgttaen amlnsnscw%mta annge Sromf 359 | andi3/628)clguantz (SO

obt ai neghby heat tregti ng a hase gl ass for nuycl eati.on under te rature
withi n 2h¥ERgAD %ﬁf&&@ﬁéﬁ%@ngé’f mflmql@ InfeRsitiomens ¥ @nsXand

wthin SAREeRRbh ShalpSe b wohily Brl B9800 EERY, DubfiRROR,
t her eaf t glufighi(SHDbHd SolatiBRS hatid At idtdrfladiéf 5B&€ing of maximum peak
intensity measured by an X-ray diffraction analysis within a range from 3.33

A to 3.41A), cristobalite (SiO,, having an interplaner spacing of maximum
peak intensity measured by an X-ray diffraction analysis within a range from
4.04A to 4.14A) and cristobalite solid solution (SiO, solid solution, having a
interplaner spacing of maximum peak intensity measured by an X-ray
diffraction analjsis within a range from 4.04A to 4.144), has a coefficient of
thermal expansion within a range from +62 X 107/°C to+130 X 107/°C ina
temperature range from —50°C to +70°C, has Young's modulus within a
range from 80GPa to 150GPa, has Vickers hardness within a range from
4.5GPa to 15.0GPa, has a specific gravity within a range from 2.2 to 2.8, has a
surface roughness (Ra) after polishing within a range from 3A to 9A and
contains Al,O, in the amount of 2% to less than 10%. |

2. A glass-ceramic substrate as defined in claim 1 which is substantially free of
Na,O and PbO.

3. A glass-ceramic substrate as defined in claim 1 or 2 wherein crystal grain
diameter of lithium disilicate is within a range from 0.054m to 0.304m,
crystal grain diameter of quartz and quartz solid solution is within a range

from 0.104m to 1.00um and crystal grain diameter of cristobalite and
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roughnes's (Ra) within a range from3A to 9A. 6. A magnetic information
storage nedi um provided by formng a magnetic filmand, if necessary, other
| ayers inclading an undercoat |ayer, a protective layer _and a |ubricating

| ayer, on ai\“ﬂm\mﬂ“mmt!m!“strate aszﬁdefi neo!'i n aln}HlesuﬁEqim%EEN 3

REPLACED

cristobalite solid solution is within a range from 0.10 4 m and 0.50 4 m.

4. A glass-ceramic substrate as defined in any of claims 1 - 3 having a

composition which comprises in weight percent:

SiO, 70 — 80% -
Li,0 | 9-12%
K,0 | 2 5%
MgO + ZnO ) 0 — 5%
in which MgO | 0— 5%
Zn0 - 0— 3%
P,0, | 1.5 — 3%
7:0, o 0.5 — 5%
AlLO, 2 — less than 10%
Sb,0,+ As,O, 0 — 2%.

5. A glass-ceramic substrate as defined in any of claims 1 - 4 obtained by heat
treating a base glass for nucleation under a temperature within a range from
450°C to 550°C for one to twelve hours and further heat treating the glass for
crystallization under a temperature within a range from 680°C to 800°C for
one to twelve hours and thereafter polishing the glass-ceramic to a surface
roughness (Ra) within a range from 32 to 9A. |

6. A magnetic information storage medium provided by forming a magnetic
film and, if necessary, other layers including an undercoat layer, a protective

layer and a lubricating layer, on a glass-ceramic substrate as defined in any of
claims 1 - 5.
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