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P 1 - Title of the Invention High Rigidity d ass-cer ag s
Substrate for a Magnetic I nformati on Storage Medi um Background 0 Iﬂ@'b"
| nventi on This invention relates to a glass-ceram c substrate for a

magnetic information storage medium Used i an information storage devi ddf§/s
and, nore particularly, to a glass-ceramc substrate for a magnetic

I nformati on storage nmedi um such as a magnetic di sk substrate having a

hi ghly snmooth substrate surface suitable for use in a near contact
Tecording or a contact recording used mainly in the ranp | oading system and
al so having a high Young's nodulus and | ow specific gravity capabl e of
coping w nr ot ati on of the storage nedium The invention _
rel ates al so t hod for manufacgturin hi s. gl ass-ceram c substrate for
a magnetic in&'ﬁgﬁﬁgﬂ%g Ség‘@rﬁﬁ’d?gﬁr’s%?%%qrrﬁ/ &6 Cr el ates further to a
magnetic info |.Qn. St I made by formng a filmon such

gl ass-ceram cilg%%g%ghot%e {Ogrgg%ﬁn%ﬁg}t ic information storage medium In this
speci fi caB;eRerdid@ dfhE [n¥BARBAI C | nformation storage medi unt includes
fixed type rd disks, e type hard disks and card type hard disks
used respecti Thiy invehtien falatesl teda hglass-céransicl subgtestzofiad ac angpgretics- and
other magnetic information storage mediumin the formof a di sk which can
be used f infosmatiayestoragetmedivan cusedbin ans dnformation gtoynge|deyicgeoandner as
and digital cameras In contrast.to cqnventional fixed.type netic

i nf or mat | GHPTE ALY 102 gl%ﬁ%‘l“%”fﬂ*?es‘rﬂé%&ttel %Prb%etﬁaﬁ?%tb‘béﬂ%’gﬁﬁ’gla t into
practice Lc i i i gﬂ&:/ . YD, a card
type and g@%@%?ﬁ%@?%@ﬁ%ﬁ %Ia%%%gig ‘gﬁ%rsg§§&%g€hgi gl §Fﬁ%eo§g§%r as and
di gital cgapsteatdsuEfabe dithbls fed usSisiha triagedvntadtctatiofdingOoriai édntaéi on of
personal conputers for nmulti-nedia purposes and prevailing of digital video
canmer as apecotiirig abed anmindy inrthe fampHaadirighgystemaand also mgiazhighuch as

data of a_noving inage or_ voice, _there is an . ncreasing, er’r%gl for a
magneti ¢ Young’s modulus and low specific gravity capable of coping with a high speed

rotation of the storage medium. The invention relates also to a method for
manufacturing this glass-ceramic substrate for a magnetic information
storage medium. This invention relates further to a magnetic information
storage medium made by forming a film on such glass-ceramic substrate for a
magnetic information storage medium. In this specification, the term
“magnetic information storage medium” includes fixed type hard disks,
removable type hard disks and card type hard disks used respectively such as
so-called hard disks for personal computers and other magnetic information
storage medium in the form of a disk which can be used for storage of data and
can be also used in digital video cameras and digital cameras.

In contrast to conventional fixed type magnetic information storage
devices, there have recenﬂy been proposed and put into practice magnetic
information storage device of a removable type or a card type and
developments of applications thereof for digital video cameras and digital
cameras have been started. Such tendency relates to utilization of personal
computers for multi-media purposes and prevailing of digital video cameras
and digital cameras and, for handling data of a large size such as data of a

moving image or voice, there is an increasing demand for a magnetic



T - 2- i nformati on storage device of a |arger storage capacity. For coping
~With this demand, a nagnetic information storage nediumis required to
increase its bit and track density and increase the surface recording
density by reducing the size of the bit2céfl: On'the other hand, as for a
magneti c head, there is an increasing tendency toward adopting the near
contact recording systemand further the contact recordi ng system accordi ng
to which the magnetic head operates in closer proximty to the disk surface
in accordance with the reduction of the bit cell size. Al um num al | oy
has been conventionally used as a nmaterial of a nmagnetic infornmation

st orage nadformmatiobsitorage deMiee of adargemstorage capbsity.at Bor ¢copieg avith thisds to
produce a _substrate surface_ having projections or spot_-l('*ke_proj ections and

depr essi oflemdnd; Agnagaetis niormalioh starage dpedingn dereayized fp dhersase st he
material ., As a ukt, the alumn | O uhst-r | S NO. uf fi,cient in
flatness gﬁd %%gﬁs%ke%egség atlhimacﬁgg%a%‘&%?%b%a}eﬁé%ﬁggi%len"‘h{ Z)P'rf'&filwdlr?gst or age
medi um sub! £i3k of Bhe BitRI OH HdSkHER MY as F¥ & Redenebiciad! BReR! i FnUM
alloy is a soft material, its Young's nodulus and surface hardness are | ow
w th the imeeadingltehdensy towhird addpting the mefar\wohtadti revoidikg Sypleas @andur i ng

rotation of the disk drive at a high speed rotation which leads to
def or mat i Burther the comtaiet zecprding eystem saefiording ta which: theemagnieticthead

requi rement for maki the disk thinper,. Furthermare, the disk. entgé to be
o or e RRFALRP BnElater RFPRIRIE (P dHe: diskn uiacs dh- ReoaieitR, WHved® (o e
contents %dli&ﬁmd& ebiﬂ_@éifsizkhe al um num al |l oy cannot cope sufficiently

with the requirement for recording with a high recording density. As a

material for AvemMsRHEINNGlIoye haBoBEerd @RveRTiorAllY Nesell W AUMAkkAY sfulastrate,
known in the art are chemcally tenpered gl asses such as alumno- silicate
gl asses ( Biagnetic] infoAdfadion Gieragk medifier rubstmitec| dBed dinmiapanedloyPat ent
Application Laid-open No. Hei 8-48537 and Japanese Patent Application
Lai d- openshpstrate, however, tends to produce a substrate surface having projections or

spot-like projections' and depressions during the polishing process due to
defects inherent in the material. As a result, the aluminum alloy substrate is
not sufficient in flatness and smoothness as the above described magnetic
information storage medium substrate of high recording density. Further,
since the aluminum alloy is a soft material, its Young’s modulus and surface
hardness are low with the result that a significant degree of vibration takes
place during rotation of the disk drive at a high speed rotation which leads to
deformation of the disk and hence it is difficult to cope with the requirement
for making the disk thinner. Furthermore, the disk tends to be deformed due
to contact with the magneﬁc head with resulting damage to the contents of

the disk. Thus, the aluminum alloy cannot cope sufficiently with the
requirement for recording With a high recording densiﬁy.

As a material for overcoming the above problems_f of the aluminum alloy
subsfrate, known in the art are chemically tempered glasses such as alumino-
silicate glasses (SiO, - AL O, - Na,0) disclosed in J apai:;ese Patent Application
Laid-open No. Hei 8-48537 and Japanese Patent Apfﬂication Laid-open No.
Hei 5-32431. This materia;l, however, has the following disadvantages:

(1) Since polishing -is niade after the chemical tempering process, the



" Hei 5-32431. This material, however, has the follow ng di sadvant ages: (1)
~Since polishing is nmade after the chemi cal tenpering process, the

- 3- chemcally tenpered | ayer is seriously instable in nmaking the

di sk thinner. Further, the chemcal | g t-enpered | ayer causes change wth
time after use for a long period of time with resulting deterioration in
the magnetic property of the disk. (2) Since the chemcally tenpered
glass contains Na[err]O and K[errJ]O as its essential ingredients, the
filmformng property of the glass is adversely affected, and a barrier
coating over the entire surface of the glass becones necessary for

preventing ebbinSenIfy ieefererllE e skkipushnknaesh 8lang (@He ikSthinn@¥ event.s

stabl e production of the product at a conpetitive cost. (3) The chem cal

t enperi ng i s Fhtleerf the cheamivallygemperadilaydr ciuses ghingd withetime gftesasdut
this basically utilizes strengthening stress within the surface | ayer
and t he insi der Ralong periodofghmes withi mewlting deteriaration wodhe umagretic ~ about
83 GPa or bel ow whi CE i s.about equival ent to ordinary anorphous gl ass.
Therefore, u®EORATY RELRE ‘for a disk with a high speed rotation is

Ther ef o 44 X spe: i
rodi um subd) P thb WeRRaI kernbofl it SoRINE NGO LA TR P 34107

chem cal |y t eagaited itlopediefitd)The dAlen fleRiiy ﬂ)fbp%bg ﬁth@%lgﬁ ¥R dversely
gl ass-ceram c substrates. For exanple, Japanese Patent plication

Lai d- open No affdeted) apd26Hammet @Oﬂ@mm.he@mh'b(snefagé aﬁﬂle:glaasbect_:mbst rates
L e Aok N O omont Sod 8y 20
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0 o bl Ve sl ot o
glass but this basically utilizes strengthening stress within the surface
layer and the inside layer of the glass and hence its Young’s modulus is
about 83 GPa or below which is about equivalent to ordinary amorphous
glass. Therefore, use of the glass for a disk with a high speed rotation is
limited and hence it is not sufficient for a magnetic information storage
medium substrate.

Aside from the aluminum alloy substrate and chemically tempered
élass substrate, known in the art are some glass-ceramic substrates. For
example, Japanese Patent Application Laid-open No. Hei 9-35234 and
EP0781731A1 disclose gl_é.S_sj-‘igeramic substrates for a magnetic disk made of a
Li,O - Si0, system-compoSition and has crystal phases of lithium disilicate
and £ -spodumene, or crystal phases of lithium d.1s111cate and B -cristobalite.

In these publicatiéns, however, the relation between Young’s modulus and
specific gravity with respect to high spéed rotation is not taken into
consideration or suggested at all. The upper limit of Y(;ung’s modulus of
these glass-ceramics is no more than 100 GPa. o

For improving the Young’s modulus, Japanese Patent Application Laid-
Open No. Hei 9-77531 djisjcio‘ses a glass-ceramic of a Si0, — ALLO; — MgO -

ZnO - TiO, syste'nf which ‘contains a large amount of Spinel crystal as its



*these gl ass-ceramics is no nore than 100 GPa. For inproving the
Young' s nodul us, Japanese Patent Application Laid- Open No. Hei 9-77531

di scl oses a glass-ceramic of a SiJerr] -Al[err]Jerr] - MO - ZnO -
TiJerr] systemwhich contains a | arge ganount of Spinel crystal as its

-4- predom nant crystal phase and MyTi[err]O[err] and several other
crystals as its subordinate crystal phases and has Young's nodul us of 93.4
GPa to 160.11 GPa and a substrate for a high-rigidity magnetic di sk made of
this glass- ceramic. The gl ass-ceram ¢ has, as its. predom nant crystal
phase, Spinel crystal represented by (My/Zn) Al[err]Jerr] and/or

(WMn/Zn)[ e ) o r t a1, £l ﬁ@g a Ng a3k ] a@Bd. has
sever al o?%éedro%ﬁa?% n%rp@%ﬂ?y@!{l éﬁegggg Its g)uﬁogp g [ %]eg? ga@%lg‘{r&ggﬁg%séé S

gl ass- cer gibdrdisatel @ystdlcgiddey ahid hasNvudgLmdddugbf93:4 GPLHd A60{11t he
present invention which, as will be described |later, contains a relatively
smal | ano(ita ehd/d [ssbsilterfol aahighhugidithigagietindisk matle of thisdglassow
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are necessary for e " hi gh speed rotation are
not takenciytsl phasd.deThisi glassceigigeist significanitly different framl the glaes-
specific gravity in this publication is a high value of 2.87 or over. This
publ i cat i cerammierafftbecpnesert invensionswhich, gsaxil be dessribed lader, Lontainga of a

rigid material.. Moreqver, the S-C i c qf. this system has the serious
di sadvant 5gjatively s &;%‘?9&8{] of gbﬂ%?as ma%ﬁ&"gh&oé’ﬂgs Og]“ﬁiﬁ ag iatlz?&' for a
| ar ge sca ,.oNn Qi | toel d - he ;] of
this gl aséﬁ%(’gﬁg#g%iat ] agﬁ?gﬁioé tggg?lgp%g)l es"f“?@qﬁ‘gg’ﬁg‘%?ﬂ r# orﬁr:H ﬁ%;é’lﬁjgﬁ%t or age
nedi um subgink #he dtindpdint of Prodiiéthidrt b8Pduse it causes deterioration of melting

property of the base glass and also deterioration of resistance to devitrification.

Further, in this publication, the relation of Young’s modulus (GPa)/specific

gravity and the value of specific gravity per se which are necessary for the
high speed rotation are not taken into consideration or suggested at all.
Particularly, the specific gravity in this publication is a high value of 2.87 or
over. This publication therefore merely proposes a glass-ceramic substrate
x;lade of a rigid material. Moreover, the glass-ceamic of this system has the
serious disadvantage that pr;)cessabi]ity is poor and- tl'_;é__r_efore is not suited for

a large scale production since it is too hard and hencethe improvement of this

glass-ceramic as a high recording density magnetic, information storage
medium substrate is still not sufficient. . |

It is therefore an object of the invention to ehmm te the above described
disadvantages of the prior art materials an_d‘j ‘P wvide a glass-ceramic
substrate for a magnetic information storage medmm capable of coping with
the tendency toward a high recording density_: oordmg, namely having
excellent melting property, resistance to dev1tnﬁcat1on and processability,
excellent smoothness of the surface of the substratél'_:f%hich is sufficient for

contact recording of a high recording density and having a high value of



It is therefore an object of the invention to elimnate the above descri bed
_di sadvantages of the prior art materials and provide a gl ass-ceramc
substrate for a nmagnetic information storage nmedi um capable of coping with
t he tendency toward a hi gh recordi ng-defsi+y 'recordi ng, namely having
excellent nelting property, resistance to devitrification and
processability, excellent snoothness of the surface of the substrate which
is sufficient for contact recording of a high recording density and havi ng
a high val ue of Young's nodul us and a | ow val ue of specific
gravity which are sufficient for a high speed rotation of the disk. It
i s anot herYoBg&dnognlusand aewt vadue of spediic gzaityathich are suffigientforya i ng

t he gl assycearanm c, sybstra . It is another object of the invention to
provi de a ﬁ%??dcr‘#ﬁ?%flr‘?g?p%ﬂl%ror age nedi um made by forning a filmof a

magneti c nedi ' I ot C 1,C : L at ! y,0 I ntion
Accumul at ed's?g]dlgg;sélg% egxgﬁrftneﬁftrgmr?a gvgéﬁ{)ﬁee?n entorsao;m%'%gdpr@élgent

i nvent i on niiufaefireNg the gi’a%s%bﬁe\&ﬁi&@ﬂibﬂ-dlﬂﬁ obj ects of the invention have
resulted i-n the finding, which has led.-to the present invention, that for

copi ng w t h dr ilvisngnather objetit of the ihvention tio prevdde reommgnetic iaforagptidn ¢

I nformati on storage nedi um suhstrate st have a high rigidity and a | ow
specific 6?%'9%@?@?‘%PWQ1PY Wr%gi@rpf?ﬁ magnegicdpediam op thjs glassect.i on
and that an (%B“ n#%%tio of Young's nodulus to specific gravity of the
subst r at e “PRAMIC SUDLS ﬁ‘g' s nodulus (GPa) / specific gravity = 37 to 63.

The i nven%&lﬁm@mﬂw nventi on have al so found that a gl ass-
ceram c substrate Tfor a nmagnetic information storage nmedium can be
produced whi clAdeamuylatstbstudies 2id/ eikperiphafie smhidei byedhe oinéhtorereft ghid t e or

present invention for achieving the above described objects of the invention '

have resulted in the finding, which has led to the present invention, that for

coping with driving of the disk with a high speed rotation, a magnetic

information storage medium substrate must have a high rigidity and a low

specific gravity for preventing vibration of the disk caused by deflection and

that an optimum ratio of Young’s modulus to specific gravity of the substrate

is:

| Young’s modulus (GPé.) / specific gravity = 37 to 63.

“  The inventors of the present invention have also found that a glass-
ceramic substrate for a magnetic information storage medium can be
produced which has predoniinant crystal phases limited to (1) cordierite or
cordierite solid solution and (2) one or more crystals _sé!_‘ected from the group
consisting of Spinel crystal, Spinel crystal solid solution, enstatite, enstatite
solid solution, f -quartz and B -quartz solid solu’tiqn has grown crystal
grains which are of a ﬁné globular grain, has Qxce__l_ll:_‘ént melting property,
resistance to devitrification and polishing processa});ilfij::i[has supeﬁor flatness
and smoothness in the surface after pblish‘ing, and has a high value of Young’s
modulus and a low value of specific gravity capablé of '60ping with driving of
the disk with a high speed rotation.

For achieving the above described object of the invention, there is



“cordierite solid solution and (2) one or nore crystals selected fromthe
group consisting of Spinel crystal, Spinel crystal solid solution,
“enstatite, enstatite solid solution, [err] -quartz and [err] -quartz solid
solution has grown crystal grains whichbare of a fine globular grain, has
excellent nelting property, resistance to devitrification and polishing
processability, has superior flatness and snoothness in the surface after
pol i shing, and has a high value of Young's nodulus and a | ow val ue of
‘specific gravity capable of coping with driving of the disk with a high
speed rotation. For achi eving the above descri bed object of the
i nvent i ongrovi@E al Bigh rigidity glassRie@ini€ duBstrhes forl QiMagietid asforaatiofl C
substrate for a nagnetic information storage nedium having a ratio of
Young' s netoragsmedispdraving agradia of/Yonirig's modulumtypespfecifin gravity withame

conprising Al[err]Q[err] within a_range érom_ 0%to lesg than 20% I n
one aspeckange frpm 3%\?@ 3 and compmisigg Ak b.dﬁlﬁj,}‘lgl HIANER d0% kR d9sst e i s
SUbStantiﬁ{alr%Z& ee of Na[err]O, Klerr]O Li[err]0 and PbQO I n anot her
aspect of ﬁventi on, predom nant crystal phases in the substrate

consist of (1 =1 =1 ﬂg?cﬂ 1443 r- more
crystals sel e% ggéi‘yrsg%ﬁ ﬁfeﬂ{;er %ﬁ%ﬂglgﬁ’s?lget ?‘%\%H 0 SE?Iﬁéﬁ%gc%ggﬁng‘%gu%gﬁ%
crystal s dubss@htihllp freefN£0, 150,40 andtRbGol.i d solution, [err]-quartz
and [err]- quartz solid solution. I'n anot her aspect of the invention,
thi s subst r at Enianopher agperctinf theainvension; pyedominantgrastal phasey in the

fﬁ”ﬁgf'gf]'tg ' eé&i{f gqsges_gjstoor} tagicg? ; ;S'i]tg f01' Cc%%)ig%t(te Is(c)>ﬂdOsfohg.)t)ftlzor(fI ea%dmé% %rxlleco%nSI Sts

40 - 60% s : .2 10 -
20% ROre r&?&a& rﬁelected from the group consisting of Spmel. %st_:all esgsmef\lhan 20%

Pl err] O egfstal solid solution, enstatite, enstatite solid solution, B -¢hartz 4¥d 8-
quartz solid solution.

In another aspect of the invention, this substrate is provided by heat

treating a base glass having a composition expressed on the basis of

composition of oxides which consists in weight percent of:

Sio, - 40 - 60%
MgO 10 - 20%
Al,O, 10 - less than 20%
‘ P205 0 - 4%
B,O0, 0- 4%
CaO 0.5 - 4%
BaO 0- 5%
Zr0, : 0- 5%
TiO, 2.5 - 8%
Sb,0, - o 0- 1%
As,O,4 , 0- 1%
F 0- 3%
Sno, | 0 - 5%

CeO . 0 - 5%



‘Blerr]O[err] 0 - 4% CaO

0.5 - 4% BaO 0 -
5% Zrgerr] : - 0 - 5%
Tigerr] - 7 = - 2.5 - 8%
Sb[err]Jerr] 0- 1%
As{err]Jerr] 0- 1% F
0- 3% Sng err] 0-5%
Mo err] 0 - 3% - CeO
0 - 5% -7- Fe[err]Of[err]
0 - 5% | FegDpt her aspect of the invention, a grain di ameQer. ofyt he

respective predom nant crystal phases is within a range from0.05 [err] m
to 0.30 [err] Imanother laspectoohthe asmxtlomfa ghain disgneteorof thecrespédttveent of

t hermal expapsi on wthin_a range fr rr]Cto + 70[err]Cis within a
range frol?i"%&qmﬂ? tcgystakphagesis wit %F?Pé @05“m¥%0§ﬁé‘tlﬁer aspect of

the inventiong t f t o has sut face
roughness (Ra)I 4]1?9;‘?1?% a%ﬁgg: ?k@%ﬁ‘ﬁ%ﬁéﬁ égﬁﬁ’dﬁ %fs x‘3 XPSSYBOA or
bel ow.  withih' PAKEdBONASBET t8f+ 10%€ isne#ﬁ:'ﬁ‘iﬁﬁrbantga%'% PLoIACeS gp et hod
for manufacturing the high rigidity glass-ceram c substrate conpri sing

st eps of ma’r@g the base glass, nolding a nolten glass into a

pr edet er m ned form anneal i ng the formed gl ass, and thereafter heat

treating thelplarether aspaclc PE4be cmvem;en,athﬁ suvfaceiof ther syhgsrateonfter
ot bk eal it St LY 1B AT B
I nvent i Onroﬁél‘?ﬁe%s' (En?é:ﬁvdfci% 2 m@g@ C
In another aspect of the invention, there is provided a method for
manufacturing the high rigidity glass-ceramic substrate comprising steps of
melting the base glass, molding a molten glass into a predetermined form,
annealing the formed glass, and thereafter heat treating the glass at a
nucleation temperature within a range from 650 to750C and at
a crystallization temperature within a range from 750°C t0 1050 C.
In still another aspect of the invention, there is provided a magnetic
information storage disk having a film of a magnetic medium formed on said
];igh rigidity glass-ceramic substrate.
" In this specification, "Spinel cfyStal" means at least one crystal selected
from the group consisting of (Mg and/or Zn)ALO, , (Mg and/or Zn),TiO,, and a
mixture in the form of a solid solution of these two types of crystals. The
term "solid solution" in this specification means each of the above described
crystals a part of which is substituted by other mgred:lent or in which other
ingredient has been mixed. The term “8- quartz sohd solution” means 8-
‘quartz crystal a part of which is substituted by an-“":lement other than Si or in

which an element other than Si is mixed. 8- q s,ohd solution includes
B -eucryptite (8 -Li,O < ALO; * 25i0,) in which Li andAl at the ratio of one to
one partly substitute Si, B -eucryptite solid soliutiofi‘i which is B -eucryptite

crystal a part of which is substituted by other element or in which other



i nformati on storage disk having a filmof a magnetic nediumforned on said
~high rigidity glass-ceram c substrate. In this specification, "Spinel
crystal" means at | east one crystal selected fromthe group consisting of -
(Mg and/or zZn)Al[err]derr], (M andor &my-[err]TiJerr], and a mxture in
the formof a solid solution of these two types of crystals. The term
"solid solution”" in this specification neans each of the above descri bed
crystals a part of which i's substituted by other ingredient or in which

ot her ingredient has been m xed. The term"[err] -quartz solid solution”
means [er]- quartz crystal a part of which is substituted by an el enent
ot her thaglebherffhadbadti flixed) saldkannktotdherédfan Si is mixed. [err]-quartz
solid solution includes [err] -eucryptite ([err] -Li[err]O AL[err](err]
2Si J er r] Petailed Delsciiptie e anvertaon ati o of one to one partly substitute
Si, [err]-eucryptite,_ sqlid sol ch is [err] - -eucryptite _crystal a
part of wm ch Reaseng for; Qltrmféag Bmep @p@ﬁtle%rpreﬁ%ommw Wﬁ‘@rl phases

re there Det aj.

-8 - rrent Fiarelas hee >% f.
Descnpt.an ofvE e silificd kit plit bh (RO e.%fthe
properti e%lasgf&fi'ﬁ’ﬂl&arﬁf Qha\!sb?éseﬂlﬂaﬁ%xﬁsfﬂi‘l %ﬂftfi’éwgb@' Pet Tr face

characteristics and conposition of the glass-ceramcs o e present

i nvent i oncunipbsition dftlteghissleerhmichhie expipeedtorntheobasibofgoatfsosittornst cs i s
expressed on the basis of conposition of oxides as in their base gl ass.
Young' s nogidesais inrthebphaserglasgyravity will first be descrl bed As descri bed

previously, t as n an i,ncreasi ng tendengy ng of, a
magnetic infor ngnné? Ugecand qPReAL gF'aé(“P{l pﬁtéé P’B edor As
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by the invéntors resent I nvénti on or su | clren orm ng
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improving the recording density and data transfer rate. It has been found by
the inventors of the present invention that, for sufficiently conforming to such
tendency, a material for a magnetic information storage medium must have
high rigidity and low specific gravity in order to prevent vibration caused by
deflection of the disk which occurs during high speed rotation of the disk, e.g.,
10,000 rev/min. or over. A disk which has high rigidity but high specific
gravity causes deflection during a high speed rotation with resulting vibration
of the disk. It has been found that an apparently contradictory balance of
physical properties of the m__aterial must be adopted, namely th rigidity and
low specific gravity and this balance has been found--_tp exist in the ratio of
Young's modulus (GPa) to specific gravity within a -fén’ge from 37 to 63. A
preferable range of Young's modulus(GPa)lspeclﬁc grav1ty is 40 to 63, a more |
preferable range thereof is 47 to 63 and the most preferable range thereof is
50 to 63. It has been also found that there is a pr ferable range of rigidity,
, the material should

That is, from the standpoint of preventing v1brat1
preferably have rigidity of at least 120 GPa even if it has low specific gravity
but, having regard to processability and increase of speclﬁc gravity, the upper
limit of rigidity should preferably be 1560 GPa. The same applies to specific

gravity. That is, ﬁom the standpoint of preventing vibration, the material



y

"high rigidity and | ow specific gravity in order to prevent vibration caused
by deflection of the disk which occurs during high speed rotation of the
disk, e.g., 10,000 rev/mn. or over. A disk which has high rigidity but
hi gh specific gravity causes defl ecti-on9duri ng a hi gh speed rotation with
resulting vibration of the disk. It has been found that an apparently
contradi ctory bal ance of physical properties of the material nust be
adopted, nanmely high rigidity and | ow specific gravity and this bal ance has
been found to exist in the ratio of Young's nodulus (GPa) to specific
gravity within a range from37 to 63. A preferable range of Young's

nmodul us( Lol r Ay ' 0, . r f I . iher eof
rodu) U CRRBARE bl Fd kpb S i of B8P0 1RGST5ER 35 O] 0
al so foungidiity, beedsel stlferwisé aibRition a8A@s @b bdctir ddiving THahighS sp&ﬁpm the
standpoi nt of preventing vibration, the material should preferably have
rigidity abtation daettoliz® watght\iaut te ntaterial Ishoukbpreferably teasiet spdeific
having regard to _processability and increase of specific gravity, the upper

linmit of ©Bravilyof 23 o eves kecanse ofhervisedt apaiffivnlt tmabtainm substrate
i fi i t Jhat .is,., f th t oi nt of prevepting vibgation,
he rat o Havine ‘esired rigRlity, A % 0FERIIN A8 o Fpeciti, Gy B 50 or
| ess eventilésé§tﬁha§oﬂtglib2.i59ﬂocg.§y’ because ot herw se vibration tends to
g

occur during a speed rotation due to its weight, but the materi al

shoul d pr ef er gphymAeetial FoLa ishbstratedtritind Na,G, KJO oF Bi,NRUGE F0idiesi se i t
Is difficult to obtain a substrate having desired rigidity. A nore

pr ef er abl &iiemgbthesedpgradient djffwses intbraomaghetie filmahdpeg thesfilm farming 3. 3.
If a material for, a substrate contaj [err] O, Klerr]O or Li[err]0, Na
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the magnetic film and deterioration of orientation of the magnetic film. Itis
therefore important that the material of the substrate is substantially free of

such ingrgdients. The material of the substrate should also be substantially

free of PbO which is not desirable because of the environmental problems.
Description of predominant crystal phases of the substrate of the
il‘lvention will now be described. In one aspect of the invenﬁon,
predominant crystal phases consist of (1) cordierite or cordierite solid
solution and (2) one or more crystals selected from the group consisting of
Spinel crystal, Spinel crystal solid solution, enstatite, enstatite solid solution,
B-quartz and B -quartz solid solution. This is because these crystal phases
are advantageous in that they have excellent processability, contribute to
~ increase in rigidity, can have a relatively small grain diameter of grown
crystal, and can realize a much lower specific ;gra_vity than other crystal
phases. Growth and content ratio of crystal phases of cordierite, Spinel
crystal, enstatite and 3 -quartz are determined by the content ratio of MgO,
SiO, and Al,O,. Growth and content ratio of these four ciystal phases and
solid solution of these four crystal phases are determined by the content ratio
of MgO, Si0,, AL,O, and other ingredients.. .



"the magnetic filmand deterioration of orientation of the magnetic film It
is therefore inportant that the material of the substrate is substantially
free of such ingredients. The naterial of the substrate should al so be
substantially free of PbO which is net W@si+abl e because of the

envi ronnment al probl ens. Description of predom nant crystal phases of
the substrate of the invention wll now be described. In one aspect of
the invention, predom nant crystal phases consist of (1) cordierite or
cordierite solid solution and (2) one or nore crystals selected fromthe
group consisting of Spinel crystal, Spinel crystal solid solution,
enstatite, ensDeberiptio®lwill otwibe ofadé edlidut-ErydtdlZpnane difhdeter 8P @bwnso! i d,
solution. This is because these crystal phases are advantageous in tﬁat
they have @ystil anl syriacesouglinessy, Asovas pieieusly descriked; dor Bopingi withy, can
have .a rel gtively snal | graia,dianeter of grown crystal, and can realize a

much | ower B¢ BEAF j conkach, recor systean anqd chhe| contask secanding rsystamcfomt ent
ti f dj .t e, .Spinel t al., tajit
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solid solution of these four crystal phases are determ & coft ent
rati o of Mp@vefitichal magrticcrredtar r If ang aﬂitémgts 0 lcfye 8 high density
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of grown cinpstingand euipwbiogrofinforosatiomenithe magnetivsledivmskavingdhef or
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conventional |evel of 'snoothness, the distance between the magnetic head

and t he, sulistaneepfthe hmagagtiet headvevillu vollide swithapgejettiais ioffvhit ingnetid

outputtin . o .
P . gmed1um resulting in damage of the magnetic head or magnetic medium. For

coping with the near contact recording system and the contact recording
system, it has been found that the substrate should have smoothness
expressed in terms of surface roughness (Ra) of 3 to 9A and maximum
surface roughness (Rmax) of 100 A or below. Preferably, the surface
roughness (Ra). should be 3 to TA and the maximum surface roughness
ERmax) should be 95A or below. More preferably, the surface roughness (Ra)
should be 3 to 6A and the maximum surface roughness (Rmax) should be 90
A or below. _ |

For obtaining a glass-ceramic substrate having a high rigidity and high
flatness (3 - 9A in the data area) as in the present invention, the crystal grain
diameter and crystal grain shape are important factors. It has been found
that a substrate having a grain diameter which is la-fr.ger or smaller than the
range of diameter defined in the claims cannot achleve the desired strength
and surface roughness. | ‘,

In increasing the bit number and track dehsii:y and reducing the size of
the bit cell, difference in coefficient of thermal expansion between the

magnetic film and the substrate significantly a-ffects. achievements of these



‘of magnetic signals cannot be achieved. |If one attenpts to reduce this
~distance, the magnetic head will collide with projections of the magnetic
mediumresulting in danage of the magnetic head or nagnetic nedium For
coping with the near contact recordingi gystem and the contact recording
system it has been found that the substrate should have snoot hness
expressed in terns of surface roughness (Ra) of 3 to 9A and maxi num surface
roughness (Rmax) of 100 A or below. Preferably, the surface roughness (Ra)
should be 3 to 7A and the maxi num surface roughness (Rmax) shoul d be-95A or
bel ow. More preferably, the surface roughness (Ra) should be 3 to 6A and

t he maxi nobiests f doz thisigrasens l(cmyae@m%qmd tshat she, coeflisiensnof thermalor

{1 at nese pRPARGR MUHA (RbSIAEa Fad Homh B0y SectiTt i grelardlver yst
grain di a@%ﬁh@’?r@%@ﬁﬁh%@ﬁﬁ%%ﬁﬁlbl"P@ftant factors. It has been
a substra a

found tha ving a grairn diameter which is larger or smaller

than the ranggn afhedpRisBiceFal®! siBStrate hbtordift 15 HRNIenBoRl AHE AbGedesi red

strength and surface roughness. In increasing the bit nunber and track
density adesardmdcéongentpasgescofothet teapbitive igredidinté haeabeeh meloredd fori ent  of
t hermal expansi on between the magnetic filmand the substrate significantly
affects athe weaspapstated belae objects. For this reason, it has

been found thgg t coeffj.cient of thermal expansj.on witAhi t enperature
range from -58?’@r$1‘?)@1f1§mr&i‘6? 15 f Eehompe f@gﬁﬁlﬁnfb%q}»%ﬁh%@ $de from
30 x 10-7 t r . ot . - i C .

substr at eéé%:%ﬂragls’nfgr@% %ﬁé@%\%b‘%ﬁf%ﬁdﬁ oél daﬁ%‘\l/éel%eés}gs}: %ge;%g% n tgt%f[s%P éinges of
t he respesgglutien| n9r-gdamat andaBe-guaetz s6lidCidtatibRr criyBtals aas Predemaias bel ow.

The SiJerr] ingredient is a very inportant ingredient which, by heating a
crystal phases. If the amount of this ingredient is below 40%, the crystal
phases grown in the glass-ceramic are instable and their texture tends to

“become too rough whereas if the amount of this ingredient exceeds 60%,
difficulty arises in melting and forming the base glass. For the growth of the
crystal phases, conditions of heat treatment are also important factors. A
preferable range of this ingredient which enables a broadened heat treatment
conditions is 48.5 - 58.5%. ‘

The MgO ingredient also is a very important ingredient Which, by
heating a base glass, forms cordierite, cordierite solid solution, Spinel crystal,
Spinel crystal solid solution, enstatite, enstatite solid solution, B-quartz and
B -quartz solid solution as predominant ¢rystal phases. If the amount of this
ingredient is below 10%, desired crystals cannot be obtaine(i and the grown
crystals of the obtained glass-ceramic are instable, and their texture is too
rough and melting properfy deteriorates. If the amount of this ingredient
exceeds 20%, resistance to devitriﬁcation_ is reduced. _A preferable range of
this ingredient is 13 - 20% for the same reason as in thg Si0, ingredient.
The Al,Q, ingredient is a very important ingredieﬁt which, by heating of
a base glass, forms cordierite, cordierite solid solution, Spinel crystal, Spinel
crystal solid solution, B -quartz and B -quartz solid solution as
predominant crystal phases. If the amount of this ingredient is below 10%,



‘base glass, forns cordierite, cordierite solid solution, enstatite,
_enstatite solid solution, [err] -quartz and [err] -quartz solid solution
crystal s as predom nant crystal phases. If the amount of this ingredient is
bel ow 40% the crystal phases grown— nlthe—gl-ass-ceranmic are instable and
their texture tends to becone too rough whereas if the anobunt of this

I ngredi ent exceeds 60% difficulty arises in nelting and form ng the base
glass. For the growth of the crystal phases, conditions of heat treatnent
are also inportant factoers. A preferable range of this ingredient which
enabl es a broadened heat treatment conditions is 48.5 - 58.5% The
MyO i ngr edpsized grysfals; canpel belqbﬁwdnan r¥he egrowm cmta,lﬁ offthenebfaingd a base
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their texture is too rough and nelting property deteriorates. |If the anount
of this i agdeanenedbver dhedsmadds of Spisehorystalointreadesi éxcesdively withr thihiced. A
pref erabl e range of this ingredient is 13 - 20% for the sane reason as in

the Si 2 refbdhahhardness Héle/sat[w?qte[l@wpes rigrlagge bhat Brogesanbilitshizor t ant
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I f the anpunt this |ngre

- 12 - thdﬁiSVednﬂraymbﬁépréfébelérQﬁg@iﬁwneﬁ%and the grown crystals of
the obtained gl ass-ceramic are instable and their texture is too rough and
mel ting pr ope rihe Be®g¢ingnedient. funictione asneumclesting iagent forcthe glass % or

- over, nelting. property_of t ase Iass nd resistance to deyitrification
are det or AlOAILAN aw(sre%pw@wﬁ ieraftacty rJpproving meltingand melding s

excess veI f%zltles &e the base glass and for improving resistance to devitification.

The amount of this ingredient up to 4% will suffice for these purposes. A
preferable range of this ingredient is 1 - 3%.

The B,0; ingredient is effective for controlling viscosity during melting

and forming of the base glass. The amount of this ingredient up to 4% will
suffice.
“  The CaO ingredient is an ingredient which improves melting property of
the base glass and prevents grown crystals from becoming too rough. If the
amount of this ingredient is below 0.5%, these. effects cannot be obtained
whereas if the amount of this ingredient exceeds 4%, the grown crystals
become too rough, the crystal phases undergo ch_é'nge" and chemical durability
of the glass-ceramic deteriorates. A preferablé range of this ingredient is 1 -
3%. |

The BaO ingredient may be add for 1mprovmg n;eltmg property of the
glass. The amount of this ingredient up to _5‘%; ﬁﬂI_;.Sufﬁce. A preferable
range of this ingredient is 1 - 3%. -

The ZrO, and TiO, ingredients are very important ingredients which

function as a nucleating agent for the glass and also ajré effective for making



‘result that hardness of the substrate becones so |arge that processability
.in processes such as polishing is reduced significantly. For the sane
reason as in the above ingredients, a preferable range of this ingredient
is 10 to less than 18% and a nore prefkBabte range is 10 - 17% The
Plerr]O[err] ingredient functions as a nucl eating agent for the glass and
also is an ingredient which is effective for inproving nelting and nol di ng
properties of the base glass and for inproving resistance to
devitification. The anount of this ingredient up to 4% wll suffice for

t hese purﬁgses. A prefe{able range of this ingredient is .1 - 3% The
Bl err] O ethq grawmesresiel jaramms duger, ando imppeving| mechapicat odrensthy andg
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4%, the grown crystals becone too rough, the crystal phases undergo change
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durability of the materjial. The anmount of the Zr(Jerr] ingredient up to

The F ingredient may be added for improving melfing property of the
glass. It will suffice if this ingredient is added up to 3%.

The SnO,, MoQO;, CeO and Fe,0, ingredients may be added up to the
total amount of 5% as a coloring agent or for improving sensitivity of detecting
defects on the surface of the substrate by coloring the substrate and also
improving laser absorpﬁon characteristics for an LD excited laser. As to
MoO;, it will suffice if the the MoOy ingredient up to 3% is added. The SnO,
and MoQO, ingredients are important in that they have light transmissivity in
the glass state before the heat treatment and have the coloring property after
the crystallization processing.

For manufacturing the glass-ceramic substrate for a magnetié
information storage medium according to the invention, the base glass having
the above described composition is melted, is subjected to heat forming and/or
cold forming, is heat treated for producing a crystal nucleus under a
temperature within a range from 650C to 750C for abéut one to twelve
hours, and further is heat treated for crystalliz_atioﬁ under a temperature
within a range from 750°C to 1050°C for about one to twelve hours.

Examples

Examples of the present invention will now be described.

Tables 1 to 7 show examples (No..1 to No. 17) of compositions of the



5% will suffice. As for the Tierr] ingredient, if the anount of this
ingredient is below 2.5% the above effects cannot be obtained whereas if

t he amount of this ingredient exceeds 8% difficulty arises in nelting of

t he base glass and resistance to devitfi4ication deteriorates. For the sanme
reason as in the SiJerr] ingredient, a preferable range of this ingredient

is 2 - 8% ' The Sb[err]derr] and/or As[err]O[err] ingredients may be
added as refining agents in nelting the glass. It will suffice if each
i'ngredi ent is added up to 1% The F ingredient may be added for

inmproving nelting property of the glass. It will suffice if this ingredient
is added lgbassocea'%mc substriite fonG enagnetio dhforniatioBe Sioxage Mepdiunh Ghede ]

i ngredi ents ded up.to the total anount of 5% as a col oring agent
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750[err]C to 1050[err]C for about onhe to twelvé houts.
Exanpl es afiodidaspspsefic gravityf Yoongls! modummei}ﬁe)strspbaﬁc gravfcyTahtﬁee 1to7

show exanples, (No. 1 to No. 17) .of conpositions of the
- 14 - roughness (Ra) after polishing, maximum surface roughness (Rmax) after

polishing, and coefficient of thermal expansion in the range from —50C to
+70C. Amounts of the respective ingredients are expressed in weight

percent.



‘gl ass-ceram ¢ substrate for a nmagnetic information storage nmedi um nmade
-according to the invention and three conparative exanples, i.e., the prior
art chemcally tenpered al um no-si I_i_c\a,lteg gl ass (Japanese Patent Application
Lai d-open No. Hei 8-48537), Conparative Exanple No.1, the Li[err]O -
Sigerr] glass-ceram cs (Japanese Patent Application Laid-open No. Hei
9- 35234, Conparative Exanple No. 2, and the SiJerr]- Alferr](Jerr]- MO -
ZnO - Tiderr] glass- ceramcs (Japanese Pat ent Application Laid-open No.
Hei 9-77531), Conparative Exanple . 3 together with the tenperature of
nucl eati on, tenperature of crystal I [ %qtn crystal phase, crystal grain
di aneter, Young's nodul us, specific ’é} y, Young's modulus (GPa) /
specific gravity, surface roughness (Ra) after [Examplesg, naxi num surface

roughness (Rmax) after polishing, and coef{icient ofgthermnal ansion in
the range_ from-50[err]C to +70[err]C. KﬁerTF?‘OT‘T‘h?er‘ES'meéi :

i ngr edi en®®Omre expressed in wei ght per ce4d. 56.8 57,.5
= ;ﬁp o MgO 14]gb! e 1116.0 16.0 3
si g err] AkOs | 54,195 58 1497 5 Mo
14.0 P,046.0 16.0 Alf[err]O[err] - 1.0 19.5
%7008[ er rib%serlf] 0 Flerriderr] . W 200 5
2.20 2222 25 2.5 BaO
2_.0 2r O eBgD 20 - .- .05
Tierr] 70, 5.0_ 53.5 0.56.0
TiO, 50 55 6.0
Sb,0, ' - - .
As,0, 0.5 0.5 0.5
Fe,O, 3.0 1.0 -
Nucleation temperature () 670 700 680
Crystallization temperature (C) 1000 950 930
cordierite cordierite cordierite
Predominant crystal phases 0.3um 0.3um 0.3u4m
and grain diameter Spinel Spinel enstatite
. crystal crystal
0.1um 0.1um 0.1¢m
Young’s modulus (GPa) : 135 128 143
Specific gravity (g/ce) 2.65 2.60 2.58
Young’s modulus(GPa)/specific gravity 50.9 49.2 55.4
Surface roughness Ra (A) 9 7 8
Maximum surface roughness Rmax (A) - 98 81 78

Coefficient of thermal expansion
(x107/C) (-50C to +707C) 37 36 46




0.5 0.5
1.0 Nucl eation

680 Crystallization

‘Sb[err]Jerr] As[err](err]

0.5 F 3.0

670 700

1000 95016 — - 930
cordierite Predom nant crystal

'tenperature ([err] O
tenperature ([err] O

cordierite cordierite phases

0.3 [err] m 0.3 [err] m 0.3 [err] mand grain dianeter
Spi nel Spi nel enstatite '
crystal crystal 0.1[err]m
O.1[err]m O0.1[err] m Young's nodul us (GPa,) 135
128 143 Specific gravity (Gable2 : 2.65 2.60
2.58 Young's nodul us(GPa)/specific gravity 50. gExampigﬁ 2. 55.4
Surface roughness Ra (A) 9 o 8 Maxi mum
surface roughness Rmax (A) 98 578 CoefficBent of
thermal e@@psion (x 10[err]/C) (-50C tg7y0C) -45.6 37 56.0 35
46 =16 -
4 Al G, 6 Sigerr] 17.9 19.5 1567, 1 .
45. 6 56. 0 MO i 3.0 14.0 18.0
10.4 Al[eif[Jderr] 17.9 Y 19.5 © 15.0
Plerr] Of e:Ps 3.0 326 3.0
Bl err] O[ egdo 3.020 299 38
BaO , - 0.5 -
ZrO, o - - .
TiO, 5.5 8.0 7.0
Sb,0, - . -
As,O, 0.5 0.9 -
F - - .
Fe,O, - - 48
Nucleation temperature (C) 650 660 720
Crystallization temperature (C) 980 940 1000
cordierite cordierite cordierite
Predominant crystal phases 0.3um 0.31m 0.34m
and grain diameter )
. B -quartz B -quartz B -quartz
0.1pym 0.1pm 0.1¢4m
Young’s modulus (GPa) 133 :: 121 141
Specific gravity (glec) 2.64 250 2.90
Young’s modulus(GPa)/specific gravity 50.4 484 48.6
Surface roughness Ra (A) 5 .4 9
Maximum surface roughness Rmax (A) 64 48 94
Coefficient of thermal expansion | .
(x1071C) (-50°C to +70C) 30 _ 48 36



‘Ca0o 2.0 2.0

3.8 BaO
0.5 Zrgerr] Tigerr] 5.5 8.0
7.0 Sb[err]derr] As[err](err] 0.5 0.9 F
Fe[err]Jerr] - 17 - - 4.8
Nucl eation tenperature ([err]Q 650 650 720
Crystallization tenperature ([err]C 980 940 1000
cordierite cordierite cordierite Predom nant crystal phases 0.3
[err] m 0.3 [err] m 0.3 [err] mand grain dianeter
[err]-quartz [err]-quartz [err] -quartz
0.1[err]m 0 .1[err]m 0. 1[ err] Rabeudhg' s nodul us ( GPa)
133 121 141 Specific gravity ( 2.64
2.50 2.90 Young's nodul us(GPa)/specific gr VI i 48. 4
48.6 Surface roughness Ra (A) 1 4 9 9
Maxi mum s@iface roughness Rmax (A) 64 595 48 600 : 944fqef fi ci ent
2];3 therrra eépan5| on (X 10[err]/[err]C) (1,;80 to + %7% 17.630
Table 3 Ale3 12.0 10.9 Exanpl er8.7
7 9 Siderr] 59,5
60. 0 P20541 7 3.0 0.9 3.9
B,0, 2.0 1.5 1.0
CaO 0.5 ' - 3.8
BaO 2.0 - .
Zr02 - - 2-8
TiO, 4.0 3.5 . 6.6
Sb,0, - 0.9 0.5
As,O, - - -
F - 2.8 .-
E‘zO: - had 4.0
Nucleation temperature (C) 700 730 750
Crystallization temperature (C) 960 1000 1050
cordierite cordierite cordierite
Predominant crystal phases 0.3um 0.3um 0.3um
and grain diameter
. B -quartz B -quartz B -quartz
0.l1¢4m 0.1¢4m 0.14m
Young’s modulus (GPa) 138 120 151
Specific gravity (g/cc) 2.81 2.60 _2.65
Iounis_mgdulusiﬁBa)Lsp_emﬁc_gszl____AB 2 57.0
Surface roughness Ra (A) 6 8 7
Maximum surface roughness Rmax (A) 70 78 67
Coefficient of thermal expansion
(x107C) (-50C _to +70C) 32 41 38




MyO 17.0 19.5 17.0

Al[err]Jerr] 12.0 10.9 18.7
Plerr]O[err] 3.0 0.9 3.9
Blerr]O[err] — 1806 - 1.5 1.0 CaO
0.5 - 3.8 BaO 2.0
Zrerr] - - 2.8
Tigerr] 4.0 3.5 6.6
Sb[err]derr] - 0.9 0.5
As[err]Jerr] F - 2.8
Fe[err]err] Table 4 - 4.0
Nucleation tenperature ([err]C 700 Exa.@g(ﬁ 750
Crystallization tenperature ([err]C 960 1050
cordierite cordierite cordierite Preddfinantcrldtal phased2 0.3
[err]m  SiOQ. 3[err]m 0.3[err] mandggr ai n di gey er 56.0
[err]-quaktz [err]-quartz [err]-quar
0. 1[err}m80 o 1[errIm 0.1[err] mir%gng' s moftPus (cPa)l-0
138 AlJQP 151 Specific graidthy (g/cclo0.0 145 2.81
2. 60 .65 Young's nodul us(GPa)/ speckfq ¢ gravi 49.1 6.2
57.0 Surfgc?(e)%roughness Ra (A g'd i')68 2‘6 7 Maxi mum
surface r&sfaness Rmax (A 70 782.5 85 Coefficidft of
thermal expamsion (x 10[err]/C) (-50[err] Catgp +70[ erghO 4.0 32
41 Tabl e 4
BsO 0.5 0 %0
Zl'02 - 5.0 _‘
TiO, 7.5 2.5 4.0
szOs - 0-5 0-5
As, O, 09 - - -
F - - .
Fe, O, Sn0, =10 Mo0Q.=05 CeO0O=10
Nucleation temperature (C) 650 750 670
Crystallization temperature (C) 940 1050 1050
cordierite cordierite cordierite
Predominant crystal phases 0.3um 0.34m 0.3um
and grain diameter '
‘ B-quartz  B-quartz  B-quartz
0.lum 0.1pum 0.14m
Young’s modulus (GPa) 121 143 122
Specific gravity (g/cc) 2.50 2.90 2.70
Young’s modulus(GPa)/specific gravity 48.4 _49.3 45.2
Surface roughness Ra (A) 4 6 8
Maximum surface roughness Rmax (A) 48 .18 76

Coefficient of thermal expansion
(x107/C) (-50C to +70C) 48 36 41




‘Exanpl es

Siqerr] 45.1
18.0 18.0 11.0 Al[err]qerr]
10.0 14.5 Plerr]derr]

2.0 B[err]O[err] 2.
CaO 2.0
0.5 1.0 4.0 ZrJ err]

5.0 Tigerr] 7.
Sb[err]derr] -
As[err]derr] Tablegp o

Sngerr] = 1.0 MJerr]= 0.5 CeO = 1.0 Nucleati
670 Crystalli zat|0T3terrperat yne ([err] C

650 750

2.
0.5

56.0 MO

4.0 BaO

0.5

- F Fe[err]Jerr]

rature ([err] O

1050 .1050
cordi eri t 819 edoni nant crystal phases

cordiertte

56.5 0.3 [860/0 m

3.0 8 Maxi num

0.3 [err] Mg@nd grain dianmeter 18. 13.0 11.0
[err]-qua ZO [err]-quartz [err] -quartz
0. 1[err]m‘ﬁﬂ 30.1[err]m 0.1 [err]m Y&Rg' s nodlBls (GPa) 14.5
121 P,@43 122 Specific gravifgy (g/cc)s.1
2.90 2. 70 Young's nodul us( GDa)/spec'gfg c graviég 48. 4 "29.3
45. 2 Surfa&gsroughness Ra (A) : 76
surface rﬁa@ness Rmax (A) 48 783.0 7.0 Coefficidgemt of
thermal epggepsion (x 10[err]/[err]C) (- SOClbo +70[er§bC) 4848
36 6 19 - )
ZrO, 5.0 - R
TiO, 2.5 7.5 4.0
Sb,0, 0.5 0.5 0.5
As,O, . ] ]
F - - -
Fe, 0, - - -
Nucleation temperature (C) 750 670 670
Crystallization temperature (C) _ 1050 900 1050
cordierite cordierite cordierite
Predominant crystal phases 0.3um 0.14m 0.3um
and grain diameter
. ' B -quartz B -quartz B -quartz’
0.14m 0.14m 0.14m
120 122
3.10 2.170
D S{) S o3 G, 387 45.2
Surface roughness Ra (A) 6 5 8
Maximum surface roughness Rmax (A) 78 49 76
Coefficient of thermal expansion
(x1077C) _(-50°C_to +70C) 36 42 41

cordierite
ob&@2[err] m



Table 5 Exanpl es

13 14 15 Sigerr] 55.5
50.0 56.2 MO 18.0 13.0
11.0 Alf[err]O[err] — 20 —-10.0 - 18.0 14.5
Plerr]O[err] 1.0 3.1 2.0
Blerr]O[err] 3.5 3.9 3.0 GO
3.0 1.0 4.0 BaO 1.0
3.0 4.8 Zrerr] 5.0 Tigerr]
2.5 7.5 4.0 Sb[err]O[err] 0.5
0.5 0.5 As[err](err] F Tablel@ation tenperature ([err]C) 750
670 670 Crystallization tenperature ( 1050 900
1050 corc#gﬁlb@s cordierite cordierite
Predom nant crystal phases 0. 3[ ere6m Q0 dferr]m 0.3 [err]
m and gr aiSi0gi amet er 55.0 535 Llerr]-quartz
[err]-qua éO [err]-quartz ' 0.1 [err]m
0.1[err] 0.1 [err] m Young's rmodul u9-ara) 160 - 143
120 ALO,; 122 Specific gravity (g/cc)17.0 18.0 2. 90 3.10
2. 70 Young & nodul us(GPa)/specific gravity .3 7 45. 2 Surface
roughness@?gs(A) 6 1'4635 29’% 8 Maxi mum surface
roughness Beax (A) 78 49 2.076 Coeffi<ient of thernal
expansi onggp 10[err]/[err]C) (-50[err]C tojgllerr]Qgqg g 36
42 48. ) )
Ba 4.0 2.0
ZrO, _ - -
TiO, 4.5 7.0
Sb,0, 0.5 -
A.8203 - 0.5
F - .
Fe,0, : )
Nucleation temperature (C) 700 700
Crystallization temperature (C) 950 970
cordierite cordierite
 Predominant crystal phases 0.3um 0.3um
and grain diameter
‘ B -quartz B -quartz
_ 0.1y4m 0.1um
Young’s modulus (GPa) 128 134
Specific gravity (glec) 2.80 2.7
Young’s modulus(GPa)/specific gravity 44.4 484
Surface roughness Ra (A) 7 6
Maximum surface roughness Rmax (A) 68 61

Coefficient of thermal expansion
(x107C) (-50C to +70C) 37 30




- 20 -
Exanpl e
55.0

Al[err]O[err]
1.

10

53.5 MO

2.0 Blerr](err]
2.0 BaO

Zrgerr] Tigerr]

Tabl e 6

- 27,0 -

16
15. 0
18.0 P[er
40

4.5

17 Sige
rlgerr]

7.0

Sb[err]Qerr] 0.5 - As[err](err]
0.5 F Nucl eation terrpera;[pi)&_;g[err]C) 700

Crystalllzatlon tenperature ([err]C) +2 970

cordierite cordierite Predom nant crystal Cohgeestive Exampl8- 3[err]

0.3[err] mand grain dianeter 1 9

[err]-quartz [err] -quartz 3

0.1[err]mSiO; 0.1[err] m Young's nodul us B2@) 78.5 43.0128
2.80 2.77 Young's

rmdul us( GP

specific gravity 44.4

134 Speci fNI?ggraw ty (g/cc)

48.4 Surface roughness Ra (A)

3 6 Maxi num surface roughnessifhx (A 48
Coeff|C|e|B209f thermal expansion (x 10[err]/[[err]C) ¢g50[err]C to
30

26.861

+70[ err] C)Z o 37 _ ) 923.0
Li,0 7.0 12.5 -
Other alkali ingredients Na,0 9,0 K,0 2.8 K,024
ZrO, 4.0 - -
TiO, - - -
Sb,0, 0.5 0.2 -
As,O, - - -
SnO, - - -
MoO, - - -
CeO - - .
Other ingredient Ga, 0, 4.8
Nucleation temperature (C) - 450 800
Crystallization temperature (C) - 850 950

- lithium Spinel

. - disilicate crystal

Predominant crystal phases - 0.10um 0.10um
and grain diameter '

- @ -cristobalite -

- 0.304m -
Young’s modulus (GPa) 82 92 110.5
Specific gravity (g/cc) 2.54 2.51 3.24
Young’s modulus(GPa)/specific gravity 32.3 36.0 34.1
Surface roughness Ra (A) 8 11 65
Maximum surface roughness Rmax (A) 86 140 679
Coefficient of thermal expansion
(x1077C) (-50TC to +707) 70 61 53

rr
15.0

2.0

700

m



w21 - Table 7

Conperati ve Exanpl e 1 2
3 Siderr] 62.0 78.5 43.0 MO
Al[err]Jerr] — 25%.0 . 4.4 26. 8
P[err]qerr] - 2.0 ZnO

23.0 Li[err]O 7.0 12.5
ther al kali ingredients Na[err] O 9,0 Klerr]O 2.8 Klerr]0 2.4
ZrJerr] 4.0 Tierr]
- Sb[err]Jerr] 0.5 0.2 As[err](err]
SnJerr] MJ ef nﬁi@g{@
Ga[qer r] ]q err] & 4 iﬁ@fe%t [ o?q%géqéeerra a lﬁ e b(q' Trg}: i ]0 the above described
ggg ex3iplel yaladétialsdncRitlihg HReded! b'éfbohb@ésf and rﬁltr?ﬁ?suarﬁe mme(fglégg

- di si | imalten in ar mwntihmdlaneltmg atppysatais abas ésmperature within the 0. 10

0.10 d di_ anet e
[er rIm - Crliagllggbéer r%&&n 13%% to about 1450°C The molten glass is -stirred too 30 -

[err]m

110. 5 SpeC| (():gegr ri?ﬁf(ﬂ‘}g% SiFedrFibned into 2 djsk shape argi fnnealed t03 24
young' s ”qﬁ'élvﬂﬁa( T IABE CisfalsS. g"ﬁi@ﬁ yth1§2fo'§me{1 g0 is subé%ct%g b ek ace

roughness Ra ( XmImesur f ace
roughness Mélﬁ) to $roduce the crj:éltﬁl nucleus @hder a temperature within the
range from 650°C to 750°C for about one to twelve hours and then is
subjected to a further heat treatment for crystél]ization under a temberature
within the range from 750°C to 1050°C for about one to twelve hours to
produce the desired glass-ceramic. Then, this glass-ceramic is lapped with
lapping grains having average grain diameter ranging from 5 1 m to 30 4 m for
about 10 minutes to 60 minutes and then is finally polished with cerium oxide
having average grain diameter ranging from 0. 5um to 24 m for about 30
minutes to 60 minutes.

As shown in Tables 1 to 7, the glass-ceramic of the present invention is
different in its predominant crystal phase from the Comparative Examples of
l;rior art alimino-silicate chemically tempered glass, Li,0 — SiO, glass-
ceramics and SiO, — AL,O; — MgO - ZnO — TiO, glass-ceramics. As regards
Young’s modulus and specific gravity, the glass-ceramic of the present
invention has higher rigidity or lower specific gravity than the alumino-
silicate chemically tempered glass and the Li,O — SiO, glass-ceramics. The
Si0, — ALO; — MgO — ZnO - TiO, glass-ceramics of Comparative Example
No.3 which is of a relatively high rigidity and low specific gravity is so hard
that a desired surface roughness cannot be obtained. In contrast, the glass-
ceramic of the present invention has excellent processability and desired
smoothness. Moreover, the glass-ceramic of the present invention is free
from such defects as anisotropic crystals, foreign matters and impurities and

has a fine and homogeneous texture and sufficient chemical durability



‘Coefficient of thermal expansion (x 10[err]/[err]C) (-50C to +700C)

70 61 53 - 22 -

For manufacturing the glass-ceram c substrate of the above descri bed

exanpl es, materials including oxides; @& bonates and nitrates are nm xed and
nolten in a conventional nelting apparatus at a tenperature within the
range from about 1350[err]C to about 1450[err]C. The nolten glass is
stirred to honobgenize it and thereafter forned into a di sk shape and

anneal ed to provide a forned glass. Then, this forned glass is subjected to
heat treatnment to produce the crystal nucleus under a tenperature within
the range agninBtGhRfias or Ctéldng Witk chbmiddls ofitbrone to twelve hours and
then is subjected to a further heat treatnent for crystallization under a

t enper at ur e wiAsdescribedraboye, dccordingdpehe ifivemtidf)3bpee ig grovidedsd glidssone t o
twel ve hours to produce the desired, glass-ceramc. Then, this glass-ceramc

i s | apped CoFammiq apbstugteyfon 8s magnetly mfermgtionr storags amedium venghnbas r om 5
[err] mtgo 30 [err for about 1 i nut.es to 60 mnutes, and then is
el 1y erdRatedthe RibdiviaEbe oF e HHOE AP 58ialE i B8, SRRt ng
fromO.5 ; (g OHkri ] e o] ) ) - As
shown in &I'lgébllblelgn 1‘; %ngx#y,et f]des 1{;{?%2‘55- g&;rg%wgﬂgpa ?ﬁ% %Pgs g%tg C%Eﬁggfr]iﬁ' ’onh?‘ss

di fferent suffidiént phesb@ihesNfor icgping! witia Sthel comach erecoriing akvithe abkasip! es of
prior art alimno-silicate chemcally tenpered glass, Li[err]O- Si(err]

g: ass- cewmr@ﬁmst@adr$SMMgh ]gqllag"s]mgdllll}}@ a!#dzlw spenifif graq;ty
- ., As ., . ifi ity, tt
Gl ass- cor SHREAGPFISHES BRRARIA L RO UM PEIPARES iRy AEIving of Ghe ik whhbigh
i fi ! t U ilicat hem cal4 y _t d d
IR B Y, ST T A BTV SRR KA 05
- ZnO - Tifsd amhuffetasingCiHis Bldss-BlakiiPad alihi endi@itbAndEon 3’6\4%%8 digk of a

relatively high rigidity and low specific gravity is so hard that a desired
surface r hayinga filoeof @ mdpnetictméediegn formmedoh the glassherghicsabstrate.



‘ceram-c-of -the present invention has excellent processability and desired
snoot hness. Moreover, the glass-ceramc of the present invention is free

from i sotropic crystals, foreign matters and inpurities
and hjﬂ*lmjﬂm,mm“ﬂmggeneous t ext ar e2dnd—suffici ent chemical durability
- 23 - abai hst® ri*nsi ng or etching with chemcals or water. As
descri bed above, according to the invention, there is provided a gl ass-
ceram c substrate for a magnetic information storage nmedi um which has

el imnated the disadvantages of the prior art materials and has excellent
melting property, resistance to devitrification and processability,” has

suf fi ci enClaimat hness for coping with the contact recording with a high
recordi ng density and has al so high Young's nodulus and | ow specific
gravity characteristics capable of coping properly with driving of the disk

b1 ovi e - ROPRO I EGH Eisap SETREIa Rhhetrate ok ScDagREH; dnbRmA o BERE
e S A 'l B TR R VR TR (1
from 37 to 63 and comprising ALLO, within a range from 10% to less than
20%.
2. A high rigidity glass-ceramic substrate as defined in claim 1 which is
substantially free of Na,O, K,O, Li,O and PbO.
3. A high rigidity glass-céramic as defined in claim 1 or 2 wherein
predominant crystal phases consist of (1) cordierite or cordierite solid solution
and (2) one or more crystals selected from the group consisting of Spinel
crystal, Spinel crystal solid solution, enstatite, enstatite solid solution, B-
-quartz and B -quartz solid solution.
4. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 3
wherein a crystal grain diameter of the respective predominant crystal phases
is within a range from 0.05 #mto0.30 4 m.
5. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 4
w:herein coefficient of thermal expansion within a raﬁge from - 50C to + 70C
is within a range from 30 x 10/C to 50 x 10°/C.
6. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 5
wherein the surface of the substrate after polishing has surface roughness
(Ra) of 3 to 9A and maximum surface roughness (Rmax) of 100A. or below.
7. A high rigidity glass-ceramic substrate as defined in any of claims 3 — 6
provided by heat treatiﬁg a base glass having a compéﬁ_ition expressed on the

basis of composition of oxides which consists in weightji;ercent of:

Si0, 40 - 60%
MgO 10 - 20%
ALO, .10 - less than 20%

on 5 0 - 4%



1. A high.rigidity glass-ceramc substrate for a magnetic information
st or age medi um having a ratio of Young's nodulus to specific gravity

Tange ANHDBBIAINI IEIN 2 © 200 Z B2 W R 6h v i ity o1 ab. ceram c

substrate as defi®nedl ih claim1 which is substantially free of

Na[err] O, K[err]O, Li[err]O and PbQ 3. Ahighrigidity glass-ceramc
as defined in claiml1l or 2 wherein predom nant crystal phases consi st
‘of (1) cordierite or cordierite solid solution and (2) one or nore
crystals selected fromthe group consisting of Spinel crystal, Spinel
crystal soli dBsojution, enstatite, enstatite solod gedution, [err]-

quartz and [err] -quartz solid solution. 4. A highrigidity

gl ass-ceram cCmfibstrate as defined in any of cl ad.fs 44- 3 wherein a
crystal grain_di ameter of the respective predom pant ‘ycrystal phases IS
wthin a ranggaﬂom0.0S [err] mto 0.30 [err] - 9%5 A ni gh rigidity
gl ass-ceram c stsbstrate as defined in any of cl a'Pmsrﬁl,/- 4 wherein
coefficient ozr Bermal expansion within a range from”~ 50[err]C to + 70C
is wthin a rggge from30 x 10[err]/Cto 50 x 10ggr.rdeylerr]C. 6. ‘A high
rigidity glass-ckramc substrate as defined in any of claim 1 - 5
wherein the s@bf@ge of the substrate after polishdngI¥s surface roughness
(Ra) of 3 to 9A and nmaxi mum surface roughness (Rmax) of 100A or bel ow.

7. A high righ#@y gl ass-ceranic substrate as def®ned%n any of claims 3 -

6 provi ded, by heat treating a base gl ass havipg aaso/corrposi tion expressed
on the basis of conposition of oxides which consi%?s in weight percent
of : L err] . ros40 - 60%
MyO §lngz 10 - 20% 5% A [err]derr]
10 - less thapa9% P205 0- 3% 0-
4% - 2 &

CeO 0- 5%

Fe, O, 0- 5%.

8. A method for manufacturing a high rigidity glass-ceramic substrate for a
magnetic information storage medium as defined in claim 7 comprising steps
of melting the base glass, molding a molten glass into a predetermined form,
annealing the formed glass, and thereafter heat treating the glass at a
nucleation temperature within a range from 650°C to 750C and at a
c}ystallization temperature within a range from 750°C to 1050C.

9. A magnetic information storage disk having a ﬁlm of a magnetic medium
formed on said high rigidity glass-ceramic substrate as defined in any of

claims 1-17.



‘Blerr]0[err] 0- 4% CaO

0.5 - 4% BaO 0- 5%

Zrgerr] 0- 5% Tierr]

2.5 - 8% Sb[err]O0[err] - 26 —. 0- 1%
As[err]O[err] 0- 1% F

0- 3% Sng err] 0- 5% Mo err]
0- 3% CeO . 0- 5%

Fe[err](err] g 0- 5% 8. A nmethod for

manufacturing a high rigidity glass-ceramc substrate for a nagnetic
information storage nmedi um as defAbstatagth cl ai m 7 conprising steps of _
nmel ting the base gl ass Iten glass into a predeterm ned form

annealing the fornmed & Lamoanbsiraielong the gl ass at a
13 .C to 750C and at a

nucl eati on terrperaturs m# hi n|.agi = .

crystallization tenpe + 9 .r]Cto 105[err]C. 9.
A magnetic i Aflg H‘i'ﬁﬁ‘ L0 ] di um
formed on said E g#g%?iigty gr]ﬂhéggteageaf%ﬂ%fogu gh? as m?ﬁhhdgtg‘s ggny of

clai n8 1 medium has a ratio of Young’s modulus to specific gravity within a range from -

37 fo 63 and comprises Al,O; within a range from 10% to less than 20%.
Predominant crystal phases of the glass-ceramic substrate consist of (1)
cordierite or cordierite solid solution and (2) one or more crystals selected from
the group consisting of Spinel crystal, Spinel crystal solid solution, enstatite,
enstatite solid solution, #-quartz and £-quartz solid solution.



