 #39&' (e3ehE889t <dp<nD6EThEg~ 2 D E C 2003 PROCESS FOR PREPARATI ON-OF.
CRYSTALLI ZED GLASS FOR | NFORVATI ON RECORDI NG DI SK BACKGROUND OF THE DEC 2003
| NDENTION 5 1. Field of the Invention The present invention relates to a
process for preparation of crystallized glass having high stiffness
suitable for information recordi ng di sks such as magnetic di sk substrates
or the Iike and obtaining high surface snobot hness and hi gh surface 10
flatness. The present invention further relates to crystallized gl ass,

obt ai ned RRAGES 5FOBBREFHRADF M A CRFS TR IrZHDn §LA 8 51 FRR FreRQMAT Ient i on)
havi ng excel | ent surface snoot hngggoapenguptage fl atness, to a substrate
for information recordi ng nedi um conposed of the crystallized glass, and to
a 15 magnetic disk using the substrate. 2. Description of the Related Art
Maj or st r waicedo TRANeHES 1qf ei@anet | C St orage appar at uses such as
conputers _and the like are a_magnetic recordi ng nedium and a magneti c head
for magnetli-c regﬁﬁérn@faﬁaezéanBFéﬂﬁcrng Fl exi bl e di sks and hard di sks

have been known ras pleeit ¢ntes016hnRG AEHALo %%ﬁod@é@fb@'pr%fpa%astq%t rate
for the hard disk, alum numalloy is mainly utilized. In addition,

recently, °& FHYiEkg Ldddetk Q&fisﬁagﬁgﬂpé Rddds sitd ff@eREdisy itéddeed odl ong with

hi gher denasifbir@attiion ekcbeaongi dilgsk)fs HEE B 0NA| n 2 COMPD HiVKS sQb sltafad edi SK
i netl c _heads)._ Accordingly

drives for s r flyin t he

extrenelyoﬁﬁgh gri%§§ Wﬁiﬁlﬁégﬁuﬁeﬁﬁﬁﬁéﬂ f%ﬂOQW%§%§&ﬁF5%E1§Hﬁ&Fﬁﬁé§s of

t he nagneﬁnetdmsk subﬁér@ieeen&nlﬂheneasﬂ ohrehefl peM gkt oyy however) it is
di.fficult Eo qquce a E g Egat SH ace nore than a certain 30 I evel
even with®&Y 5 rilsnSS 88 535 RAGCRi K1 1S BEPSESSnELEi PEEPARE TRk ng
appar at uses)c ob@dagseot hive m}n‘essdrrerd it d oo s U Bris of I‘e&l’@eml&‘iﬂﬂ @udghermati on
due to th hardness of .the m num IIo per l.nch) and
BPI (Hit mogﬁﬁch cﬁnfﬁgrﬁﬁﬁﬁe i gk 866%8PASr5F8 oéﬁéFloBr
revoIut|oneBErgpeedmeﬂlummrqmgﬁeedsomadeehcghetalnlzbaSgaism baeh troequi r ed
to -1 r I uce deflexion or vibration of the
substratem?gneEESng F% g g gﬁét%ggggne%of revolution at a high speed,

t hus to.I@wer_aDﬁaqnept(qmefoth¢e&dlﬂgeernots of data due to the vibration
houever . 11 s o0 oart e beLa el BREo bRk S LB R g B0 LBASFE, | Ve
required BYP3patrFreasrioh a$ ﬁemmud¢5k anﬂvehEThekef@re acmygraklirzed glass
substr at e%&@faﬂﬁg&?&dﬁ@hﬂi% H%h@%@' B8, $teiH Be Eepg%ere%% qf&/gh%ped

i nstead of the_10 aforenentioned al um num substrates or exanpl'e

Pat eni® NoF eBr a36¢ 829 - diBaxjdde diykearn i Aar §ldds st bevelibsen dowym sEng
203 20 e N s e hes Voo™ 2n0 1 s
nor e thanhiﬁdcyé{ﬁ,bo Qi%bﬂ%ﬁ'l /21635 Iﬁo‘?ﬂlelrs“tlgezexe 2rigp:adiitpian. L 20:
0-2 % ande®NefX19; & %.ypﬁ@\élrr%(itt batnald £ ite R s+ Nip@ rik® a1 geihapad %
(T|02 + ZrCZ + N O 2 é e cr%aﬂallrzed gl ass_contai ni ng spi nel crystal.
particl es*H&*% Fhth Er%% L19en i f IGRF19Bnot Fe@ v EREME NDSTSOab1, 116
di scl zsesc aiyst &t s icedaghiasssk mrrlwﬁsoeoapfbswgrmde fQGIRQN B/t Bhe 20

' . - 0 - 0
08 T ) Ly T periny Bl S5 v 1 1
the crystizddn zr:‘aechagicbas foent Be NSt SPé o SIMBE S oFattheChegnetiengtskite
crystal partlcles as |n crystals Al.t hou q thes crystalllzed gl asses
have a hi gHF bRy s ﬁb&&lu 25F 36pFi§Fﬁ§F€ﬁ%‘f Vst dit gdrticles
t hus contdi ﬁmmre tloapgeduceca thigha yo€tditSs6HEHc @ ndﬂfse(tu:atnhatce@ﬂ;hol ling a.
surf%e r]ﬁuvg%nessvére bgt11 nrsir hIovvepr in RauSJ 5&93% is difficult.
Even if t oung' & nbdut s B% Hifgis: PHY STt ER S el 65 9%0 GPa, it
is i rrpossuﬁ;laes:t\oes:enﬂnwlrktﬂmg desae { t ys 09, aneuntse tt}twbebyslheidrhguim(a@abl e of
[t s an o St SRSl T LA AR PR ORionet B i SUFdLo Y 2ransss DY TR 03
crystall |azledlzg1mslﬁmynt aAiTrg aTchakacd erinsthijcand HEYH St PERESSCK > 130

GPa) suit I a ubstrates, for Qrmation rec medi a such_as
magnet i c ?fgc%redrﬁng rr% | a&logrktrheecol rEjk CRENI] Eﬁgftg %‘Egd UF T hatt iy
excel¥ents ppreaperft ks duch igsmadb MighesuriaQﬁMSﬁU@bhH€Sﬁ réghi ghdfdat ness
and the like) that is) the crystallized glass capable of controlling the
surface roughness to be 0.5 nmor | ower “n Ra (JI'S B0O601). In order to
achi eve the ‘above objects, the present inventors found) as a result of
studi es based on various 10 experinents, that crystallized glass which is
suitable as substrates for information recording nmedia having a high Young
s nodul us of 140 GPa or higher and a surface roughness of 0.5 nmor |ower
|n Ra (JIS FDGOl) can be obtarned by subjectrng gl ass contarnrng T|02 as a

oy o, 1. . oy oy



~ 2 C~ C 2B referred enbodi ments thereof when considered in conjuict] qggg
with the acconpanied drawings, in which: FIG 1 shows a relation between
surface roughness of crystallized glass and a treatnment tenperature for
phase 5 separation. FIG 2 shows a relation between a transparency at a
wavel ength of 600 nmof the crystallized glass and a/ phase separation
treatnment tenperature. FIG 3 shows photographs by a transm ssion el ectron
10 m croscope (TEM of an untreated glass and a crystallized glass obtained
through a phaselsepadets obefFent oener arikra ehperat uklee otubrsgtpam 2er ~C (760
~O) - Fl G ndosbene pROLOQLaphs tind de egsmi 88 el ertfioh Bheasconp; ( TEV
of a gl ass V%thout bei ng subj ect ed hase 15 separati treatnment and a
gl ass obt at et wyr IFeimign baubj (EMRad Otforteraélp)lgasergepapét d@haf@)PEfbfurtltmurs at
a tenperatyyg of ; ngaottrae%a (789736) 2300 LORT £8LLGT hn %&tbtfcted
to heat treat rrent for four hoonurs at]rlc taeprpe%gture Ic))? 118% Pg&, EQH is an
AFM phdt ogtahH aof sgisénrace boveraed by i20dpsEishifigta lt?r%ttaIEI T¥RP Gl ass
of an Exar@beeéelt@ralﬂghlm ttgvétefrtqqtuaera BP e%hfqlc%%%on%@ha@a'a%h&
schematic cross-sectional view of a nmagnetic gr sk according to e
present i rf&¥it¢ on) conprising a crystallized gl ass substrate 2 on which an
unevenness cont Qe 2% @Y, s ﬂHlCi%réeYd 'bgteﬂsas,y%rubdst:'m%tf

protective |ayer 6 and |ubricating |ayer are provided in th| S or%

DESCRI PTI 6N € e i prErERRET HVBOD VERTS trhen presseimp ¢ hiastiesd ?éltdtees to a
proces® ofa Cd Vst di AR 3Qualhiass BYbsubiecti NG 3s3 ekt AGNENGNidp: to a
phase separation steé) and a crystallization step) and to a crystallized
gl'ass obt d%abl &7 by® ¢ hé ificdeess. ey era bbht o Adasenf o SdaKEIIRF Rl d s a

conponent ¢5&rdd RGnden@ntlsySiakibdela@athnge APENE I vy REQeRSS 0F &6, :
preparation of the crystallized glass. A content of Ti02 35 is adequater 8

mol % or Highet? frobdtthe %P enpdi ht YO it hat 26her 220: 0 123 $i RrU ISR gl ass

can be sufdua0i antd % mh@seesaraereatteqnl Aot Be (Rgat +t ngat ErEtlt {phaseop separation
step) at a tenperature or |ower of a tenperature 60 gher than the Tg

of thd3gl aséf(d tfser 4rit & ol ipdndt—2f th%dt”e‘rﬂ)eroatsuﬁ‘e Eﬂf°"l‘gdetd g3y which
i's a char agtogr kstirg, of zﬁtd higs prcasemham\aemtqunozamdztbat+ taep of ysteal,
particles f the E ?.(gtal ¢ %rg ass__obt.ai ned t he cgé aII|z ion step .
can have esr régcré f’f‘vglﬁ/ LRI A 0 g ﬁpdlpﬁercfﬁs go%‘—ﬁ FUrthé®

smal l er crysd @l cppstatl esid addi t hen gliass,Paten wcbmt 6ni 90f 1Te @4 sics gareat er abl y
8.5 ol % qr. n Irmt fthecontent 1Q of TiQa is 15m)l%
2nd the o ORIt 1arizey adaRE, tos Hisks SSBeRRgu it e Buss RO nR Fhat t he
st abl eo rrelltnelcl cgltads imhicelmiss ook dapl eet@mt pbs &ii s o t3se pEOPAL Akl o, :
process. th o] ordi.ng t he present inventipon,, crys Is to be
deposi ted :ancl gg]eéerctﬂ?éat ?Jtczg ag ?t’sgsél i § s§1s0u'?5| or?m6 55 "‘q"ﬁa’%/t 1'%qaarid its
solid sol @dt+oh,% eoddike iltige t ithenatrestsplnek)l dlahs mnrchesurhmtselngeahnr te
and the | ickgs vATORY rthQSEs e@steats'tta‘tl%@dcttaéa@' bd r2Qly 'Oqs G iRr ef erabl e
as crystals to be contained in a crystallize | &ss used for the substrate
for inforGEYiSéAAEcOr di ngnedi um becauset heenstatiteanditssolid 20 sol ution
can ppovi de hi gReknY¥RYAL 1% SWERL HEa Y SR b fg1th& & W5 ala P EéP'Y%%n%r'% smal | .
The starti n% | ass containing Ti Ca may be, for exanpl e, 0- Ala03-'Si Ca

based gl a8898d ufyOfREPRIZBINETLEAY( R4DSCRR | 6AEF tahePastdcted ¥ a group

consi sti ngogkadhkal hpe- @aEQQIWEEeItgér@eogchratsheﬁSh qe@eeeleﬁ%%d froma
group consi sti n%éof Ca) Sr and Ba), Zn an based ass, .the gl asses

cont ai ni n§O#i+62- ﬁagrﬁa\ﬂurréaga B?Wh’&?)ﬁfétr?tbéf‘? Ny or Al edn R0 IEE 80
nol % or higben) $Suchi Mybcddad3-fHi iR bias et Jlvass gaRd M¥ad 10801 sAh3@3 =9, 02

basedﬁ[gl ass as containing TiOz as a crystal nucleating agent 30 are

ext r eA®l ySBE8y2§ G F PHSd-odepaAdt 882 at afSuhBPPRE1INEE YR &R, thBese

gl asses aneaguittabhg iMsuptepeiatéopn i dde napsliald ized «ghass ikavicag a
m cro-crystal structure utilizing mcro-phase separations at a | ower

t enper at uF298&%i ReERRY b?%s@hf‘si‘h%éﬁfr% As starting gl asses containing
Ti Oz, there can be 35 exerrpl | f| ed gl asses described in the aforenentioned
U S Pate No. 5,476,821 and the U. S. Patent No.

5, 491, 1165U%F‘Aﬁhe05|3§§ EtB‘ﬁF%ﬂPtﬁg Si02: 35 to 65 mol % A1203: 5 to 25
mol % 39O 10 t ot 40s nph Yewhes e SF OZhed LOert MIDv Sn 8D 0L Y p F6 0245 to 15
nol % and RO (R is at | east one selecteqd froma group consisting of 5

al kaline-earth netal (Ca, Sr, or Ba), Zh and Ni): 0 to 10 nmol %

Thest arti nggl asscont ai ni ng Ti Ozmaycont ai nconponents, in an extent not
damagi ng the desired characteristics of the crystallized glass) such as
al kali metal oxides (for exanple, LiaO NazOQ KZO or the like) and/or

al kaline-earth nmetal oxides 10 (for exanple, CaOQ SrO BaQ, or the like).
In the case that - the start| ng gI ass contai ni ng T| 02 |s t he aforerrentroned
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solution.. The crysta SiOz 5 MJO A1203 Ti Oz tlized 44 16 . 13 10 7%% -
conprises 52 % by wei ght 25 % by wei ght 20 % by wei ght 15 % by wei ght“Zrd@G;?
1 - 8 %by wight ZrGz : 0 - 5 %by weight 10 LiaG 0 - 3 % by wei ght -
B203 : 0 - 3 % by wight PzO5 : 0 - 5 % by Wight, and Sbha03 : 0 - 2 % by
wei ght and main crystals are enstatite. 15 The crystallized gl ass conprises
SiOz : 40 - 60 %by weight MgO : 10 - 20 % by wei ght A1203 : |ess than 10 -
20 % by weight PZOS : 0 - 4 % by weight 20 B20; Ca0 BaO ZrGa Ti Oz 25 Shq03
0- 4 %bycmbghﬂtlﬂzéd-gﬂa%sblyami:ghhlﬂg aSchbycmei-ghtle ofSn¥ghy wei ght

2.5 - 8% i - % AsaGQ : 0 - 1 % ht F.: O0- 3 %
by wei ght %Kg\? g P% J9/?)00 P\/%’l jﬁt‘g‘ﬁtﬁ’(ﬁ a8 subg tgp Ey?svxéPéht“gﬁrt‘%BlF’no -5
% by wei ghtécandllEezrﬂeBcha chrs a% bygmmgbtrandrmBn@ ncm&si alrs taeel fkel east
one sel ecttelg from co# leré e][so 'hd sol ution, |ne %/rstt al, solid solution
of the spinef TFYRTEH+ERLiShas%, "’lVn”:,‘ntgat‘tt"tcee151 dp§8lpﬁ &5 F3¢ uﬁ?ti,

and( 3- cﬂjarmiZgREsxsxﬂaurk sabothenass, g high ?1atne€s?ﬁfﬁ3tﬁh€tﬂtqsttata$i 02, Mo

Al0; 5 P20 Bz03 L CaO Zr 2 II|ze | as %by wei gh
2190 7 50 Shby ver b PP kPEe 46 o 03T, EERRER EfEnd fhy o P diq)

wei ght . keugthﬁ/edag/ el lght o, 501115 or 41 84 by Wi gdnt(mlﬁ BO &0 2H by wel ght . 0.5
- 5 % by weight 10 ht sz3 001- % by
Jeight asro - G U EFu b8 SR s P IR WS ThETNEY 0 3 %
by wei ght ifve3e®zs Ofoud % by aeregult amfl FeudBes lﬁ)asecB @/ﬁbwamlg.ht and

t t
el 0 CLOt Bt Pt | BBk OB KL PELEChERL Lo (B QP 7o oy 2
forsteritewod okttt Gokdmf ®alitdn rheoaﬂkammer@etadtamgje hairgdy Doung ' s
al kal i ne- gard Iy et 19% 884 $ il £aR aPE %ﬁeftil 28 ptg,tqt ddd19 £9hagsy,, Wien

Sbz03 is used as a degassl ng age uring eparation, Ia"t'| num
froma pl &y d@vear 4ai b el FI¥ Brﬁ’élotll)ngagl hsgéstalsleehsbm yuhi Realmtshlétm%

gl ass, SO ks Nidd 3@ aa% g éfﬂédf‘gtu@l%%scﬁ%“ t@bhbaot g2t fife PLaLd pum
frombelng m xed wth the gl ass. S prefera at the content of the

al kal i13nmetadl aokeueeaﬁdurhelralakaahme koon renakrexnde 3% Ee%peetltﬁedry 0 1
mol % or hlﬁt@ﬁtafsromw@lt/wmn{yemnbéa AR tet,ea 2 305 e ALVANL 3G IS
to be noted t in the case of contalni n oxl de, the content

of the 3049245 tn‘ét“altht?xﬁ&éslsstéaéﬁ&éitléiﬂy mﬁﬁl’-’%:BFete% BY ncehthet @l kal i

et al oxi de heRdgeh@oh@WQIpH e YOy St SR AN ch byt BeysREE19E i agNERd Ni NQ
al kaline-earth netal _.oxide, qn the other hand, the content of the

al kal i ne- &85 %9 1885de 20 S0B3GGPERY 18 - mbP6, BFeF8RE LATRRE 1R has

al kal i2oe- eareah dmipdlet®d . de tends to nmake 35 the crystal particles larger.
In the case of ont, |n| n g al kal.i nmetal, oxide,
especi al |y, KZO% %35 %ﬁ%/?rﬁrs@fnetr atﬁllvfﬂcfofst &?%I% % %t Hér

pr ef er abl pr@fhrta(hl]e milo% lpsodean.ngbthe bnykheltﬁsedoﬁlecmtatmﬂglé hes

al kal i ne- eaht oxi de of 0.1 to ref.erably
01 to s nobik ey Bt ARratRRRTLR Feparhradunen ke Py LlD dhe T T he

af or enent mwued gil aosivil st e plr@c@@sn &ac drigihrey tacs tvhalpraesemtte i swefiaideon
cont ai,gs [ t | tion,an z I ol utj.on as a
i neipal Tepyamast BEC ! 5 BF 1 BWed S BrREOLLA Mg G B8 hEaf ¥
process f@lfomewartatom@rd ofhatsiee S@wstaazleld Eeldtsgfl ass aaceopdimeg ure tfve present
i nvention | I r.ei_nafter. be describ tedtot

t r eat ment catysé:atig zeagaltotﬂlrgf%examt)(ime%q’t an t Pg?dg% FORP et}eeraq’aly'

MyO- ( RO) - A&z & -1Si Oelo(th)15tahkabanéngamherrmfauo(E,gnn; cﬁa 1&3 Ba, Zn
and Ni) ) based;glass. £QBLaLN [ ated into
two phases, a ptItase oungl ng {V\}Aﬂaﬁ %’%E@alnmd rHansgl;zligoun § Qz.

That %8, £h& @%B%rasﬂfm%)ﬁfvﬁf&tswlcleﬂﬂfedlaphastetaslem}htfm@riu(qmagelass
separati og,§t &Rk ngSLfgla PQ@E? é@@@r%'é’”pﬂ EhEegL?ﬁlQﬁ‘S ﬁ egregh 20

i nfl uence on k|n S an partlc e sizes of e cryst In the crystallized
gl ass. Noﬁﬁrm%ltylltlnetanaseéeebo@menghwmhasne G2 rayre tdiogpersedia s hefadr s of
m croparticlbesh.aR0Rg the gha,s,% gt G tent!.%%%%u%oqttd' g, ;Ngteh £olo(B4 AS the
m croparticles abounding w'th 02 are smaller, a size of "'the fi naI crystal
particle fempeda25rer ofn Qwéomec:r bhphakke semattachntsarttuod e:ea@earactolrre IS
made I How t p |tt hase epanat a(¢ t|cIe|s
t he ké{/mplgg ?fl np g %%I 33 crystei(l?'raéz(leé gtlrgm ser(?on ‘ai ﬁ?ngj&ﬂ r?e cr gltaéll
particles. Next, relation between the €+ystal structure of the 30
crystallized glass and the treatnent tenperature in the phase separation
step will hereinafter be described referring to

48Si 0Z- 11A1203- 30My0- 1Y201-1 OTi 02 gl ass as an exanple. The

48Si 02- 11A1203- 30My0-1Y203- | OTi 02 ‘gl ass (the glass having conposition 1 in
TabI e 2 ‘accor d| ng to the after-rrentl oned 35 Exanpl es) was subj ect ed to heat
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m croscope( AFM . Theari t hmeti cal aver ager oughnessi nafi el d of view bf K @03
Jtmwas calculated with respect to 3 to 5 portions 15 on the surface of
respective sanples. As shown in FIG 1, it was found that the surface
roughness of the crystallized glass which was subjected to the heat
treatnment for phase separation in the tenperature range fromthe
tenperature of the Tg (732 "~) to a tenperature 60 ~ higher than the Tg was
0.5 nmor less. 20 This is because the size of the crystal particles in the
gl ass whi chh¥\ag assubg e£i €t 1 ©n u:reeppha&eus‘aep@r(etgioaoi"@ thenteeﬁperfawbeyr ange

f t t 0 "~ i h t t 60 ~C
han Che To Bl @1 o8Aat 21 L b b 31 b 18 o "bbF B BPEEC bital n

such crysthiirhzedtghmstshétaylmgsatsambhemﬁSr:empéaeeueughness t he heat
treatment for ph n.a.te eratueranefroma
tenperature 30 ﬁ?%ﬁ%‘?gﬁtan th ?ggﬁkte%%?a %{) ~ hggher t han t he
Tg) pre‘ierabjryta’tlbmedhegﬂ'gstoo}ataenrphitathyemsmnrghaghearthmgt ghasdg, nore
preferably npeg at t hanTg to .a tenperature 30 50 ~
hi gher thach&'['l'pmI?ulrig{?her‘5 refbgrgtcg:l deJrgo:":ln'41 aegrrper au"’raet n;D':hr gherdetahan Tg
to a terrpecrraymtielnﬂzat-ldm grt@rp .thhﬂrtehEhig:halsre eederatmonad«eetsrhrae bbas
point, rel spar en el en t of the
crystalli zg%jégf]"é% Pntﬁ% L nég% gﬁdgt ﬁh?éﬁ%&ﬁrﬂg ulrlg r?%] chﬁ)a@erg

separ atl onté&ﬁpéraeattnerﬁto Wasl sweighthaanch rgaarsesulrhssateoahomnnpenaﬂﬁ 2.
The - 0, res i nfirmthat he

crysta |zed g}f %jé:%te Jf&ﬁ?ﬁe p asgoggggrlgt'rggn% hg tgrrﬁgrsature
range fronﬁlaalt%hbmlat‘tﬁ@mmetomer than the Tg to a tenperature 60 C

hi gher than the g {yas & highdle tg@é@@@femven@{tqltmeﬁafééatﬂag@dﬂ gl ass 5
obt ai ned through the hase separation treatnment in the tenperature range
above has &%d ekl &3 tela gfor tecResia Fiy t herdish: ghapad tor ekl hezdbw t he
mcrostrudides of1dhe ol aldedheddsd@l | i zed gl ass changes when treated at a
tenperature around the Tg, the structural changes of an untreated 10 gl ass
and a Brystal | | 78t §FE88DELHAY ekl 9 mfdUdther pRABEL SRPparmerBR tEREAt TNt at a

t enper at UrthEH‘rmT&iHﬂJSre?c'i)r‘d1(n796Qneélthﬁr Ec SMSES Ve h LS N H 14 1Bd1Sdd SSi on
el ectron m croscope ( FI.G 3 shows TEM, phaqt ographs of these gl asses.

As seen frctfrﬁsl'—‘taétl’s’ze‘lrﬁ&%sr}’rtlef’sree'séﬁérrétcé&rﬁérefil’c‘t LBk emRER BB G t he 15

untreat ed glAsf e heysther phandcitdie if thOtﬁbaSEn§@paf ag@dlapatd it es
aboundi ng w t h

e clear y .seen i_n the ass, subj ed to the heat
freat ment Mhe%, cPafpkflany &t noRs TR 195 1 ioR thon Thegaagrastedliiuy o
furthew heatmet sy tok ]aOGﬁs‘k* saiapaadtaatymrgazour@t grlafsd pl@ge ,n and subj ect ed

to the cr y%[ t al |cl zartlz% treat rre_nt l:f qr. J ourre ) ? anc‘l‘r tlhe n R‘hEo E rvati ons
wer e condicted cFHid $Rowd® TEMm ﬁh’é’t (?gar ﬁhsy 8f ¥ Hé¥giasy ﬁo Bet ng
subj ect ed itso 4t6h& plrabégbeparatdoa sukatrent o it glassorobted omtiny bei ng

subj ected t par. e r

t enper at ur e%otm'"l‘ péﬁ%'ts?% %@ %fa 63ﬂ 5 ﬁ}ﬁ%{erge?tstt@g JLZQbOdJ Slgafjgssu 51 %d to
heat treatcrt@ntaCft@rrlfmsﬁr 1rmotltrh31tata a)qlerqieerthtamefa@fe lltaﬁtting~ a Tﬂ\nfpim;t ogr aphs
[0 FlGs 4300 ddiakal NG 160 oldl P IL1ap Yf (iR O Flild sl gl ass subj
ected to the pretreatrrent for four hours at a tenperature e Tg plus 25
~ (760 “~) 30 dmeaddatien.thlam rmmenbfintmtdroylstcaﬂhitzedtglasxsrcwetshaout

bei ng subjegct sgeBQrEQ§09h€§ea SRR O 14 A TERG: o ThE éé@?ceﬂ,ﬁ&t 4
maki ng the crystal particles inTa tormo mcro-partlc? Iven such the
heat treatt®ast &&ra phagedse@a}raat%rﬁmmedo%@r @eﬂkmﬁhﬁtlpﬁé%tﬁttatldlgﬂ@sses
having 35 gq%rgoattat@nsagatt% 40n380uR i kNgt hie r?Jvtﬁrg HE%Q;QQEQJE‘H&% -12
12Dc ? was found fromthé experiment en these gl asses were
subj eé?ed 1t985é @6nReALICOMAR NHe dR Yiere BTmeite r?r‘l@@éﬁltet Hatr iig fogusitdemed to
the heat tLeatlmBRly eqduhenperature of 800 "C ( Tg plus 65 ~), and
thereafter subjected to the crystallization 5 treatnent under the sane
conditions, the size of the crystal particles of these gl asses becane

appr oxi natBeII)gFthtclR@@Igg har 9k a%afiglgsof the crystallized gl ass
subj ected to the phase separation treatnent under the conditions according

to the present Th¢ettdthandoe Fuet el et rAfll fRfrice &f odukhe d njteade on

separ af i og fr egtﬁqe@tl toreoorthee eCHRAAGLE 'ﬁJ lt@t% Qb L Re oG xatealflo'ﬁ%%gt' ass was
al so exam ned he result Is shown in Tg . As seen from Tabl e belomb
it is found that the Young's nodul us an the expansi on coefficient of the
crystallized glass prepared in the process IS of the present invention are
al nost equal to those of the crystallized glass subjected to the
pretreatnment with the conventional heat treatnment process) or to those of
the crystallized glass w thoutbeingsubjected to thepretreatnent. That is,
the process accordlng to the present |nvent|on can. nake 20 the S|ze of the

e T



20 above is preferably in the range from1l /mn to 7 “/mn. Slower heatln
rate is highly advantageous to honogenous formation of the crysfb@ FC 200
particles. Heating for crystallization is suitably determ ned in
consideration of the characteristics such as a size of the glass 25 crystal
particle, crystallinity) Young's nodulus and the |ike; for exanple) heating
can be perfornmed for about 1 to 10 hours at a tenperature ranging from 850
"~ to 1100 "~. Wth the process according to the present invention) .
crystal | i zedf gt asdenbndihechs a heeaw fpardn cbes Sizee dfi ntdver jomyestizin W80t h
particle |§ ual to, or Iess than 100 nm can be obtai ned.

n épemrangeedog n 5
In the crysltlal?lz opgrlla obt Al hed” Jhrouglhlthe process according to the
present inventi ohiGa mt;sa]rmwrsarat |relleta|onebeftwelaa erystahcpartughimeess afh t he

range of e [ han 00
nm but prefael?‘gsb'f P{ zeeme paér i %SIZEO “é%fttys% aTﬁ)o Tt % Ql% 1g’ha‘lse,
2Qx 73 i5s menatueatrmme of from10 to 70 nm The nean partlcle size of the

crystal particl e sur t.h 4 use of thg;
transm ssion el ch onzbm gs%sc%ogre ‘(@1%\% r]:1““'901'3(}1 t Jroansﬁét S’nyst allized
gl ass obt avamwesl ¢dgtdught 5&016mprctﬁ:3§ee aroos th Iigi 2@ tdiles 97 esehta ipheeret i on, a

transpare V, 0,.nm be 40 % or higher, preferably 50
% or hi ghegr:é/pﬁ %t%gr Woea;}:grfserh as e?;%:e crys!?egt particle is smaller, the
transparency i s HiGher ,shawd tthertefaraph s Hiys & rarsspariarcoic &l efalyemi on as an
i ndex fyor i f 10, i .Gl It is
to be not erﬁséfhat d%é?@“?%g&%ﬁ%ﬁt?\%ﬁ #P:actég égé%gﬁé%agﬁgﬁscsy m ght
be: cont ai rtétt@eq@télhﬁgueh T ERPGS BRBAS26fogl BssrtneRt Adl atl P rRWeEn a

si ze of t hg gptadspzasr [f nﬁatransparency is slightly different anong
t he gl ass corrpo I'tion nt preparation process according to the
present inventi % -udi ﬁdloétsplpéltoél%ﬁaﬁyé’(f P ded IR sAd o elgcttir®g gl ass
can provi ga & di @l Shangd ersgetts@eéhghesmlt@ ths e@@@@)t&% a3l ASS
obtained fromthe phase separation step is preferab eated up to a

t enper’dt ursePRAd iR H&ge tmeddt ABAt @i ﬁlﬁﬁé P4 %%St%tia‘PYlli%ttq%rP"sltJéﬁ%d

heating rate taf aﬁaém fepirbessn b fJat GrouhaPad HDLEREle B BSSe & &g

starting glass ca 6p QBared in the usual manner. In addition, using a
di sk- Shap@&usst 25t Pq’ng(? 0 ) and thereafter .by being subjected to heat

gl assast haafeqregrmntt if@redphat %sh%pectnw dGQ ASIGAP IV i108 oa"cch sk-shaped

crystallized gl ass, pl ate; or _a ape cryst II|ze | ate can
al so be obtained By prdéedli A% pz‘ro)@tgzilalp%zé’% éé‘é'%ﬁlca?té’ t%ﬁ ﬁ ?’

pr eparzed \motlfisallsttgabtbﬁgsthBSz@ﬂ ¢ hes ol QﬂSlﬂ&]ﬁ@@l@thEﬁj glpadd,shiimigo a

di sk- shapeoé I%sfs an ol %maq' ng et hod described | ater can be used for
processi ng e gl ass Prt'S%a 3 s‘:’k-s‘haped glass. 30 After finishing the heat
treatnment for cIFyst aBIn:zatsohemahecgdmiaaedﬁnsuahmmmifm @ag nggdicr ed
shape and n,t e of e _ql | rther poli h pO|IShIng
nmethod is E\lrc;?ltﬂ?t a:gfclc%%l é?il t% tthg (#E%Segt sin %ﬁ“ﬁg’ da(r?foll)nz)r}gce&rl §r %ed by a

known pol |csmsrtglrtetzhddghss ﬁg:l@amtrtvetta €, gon ndnrvgl gnammvsmmsasowrWnt hetic
di ano il i.Co rhi.de) . al 0 r

car bi ?ig orﬁaltyhacei ?I qﬁlé{%lﬂq%ri’ft‘tq"uya Qgtﬁ: néhggeéggl frz%%%gh %goﬁ%(th?‘g[glél am)nd
ceri um oxiédendr lukeilcpkdngrdavexadpleae pyovddedctimndhigppirdgrpr ocess with

t he usual polishing nethod and apparatus as well as polishing process using
cerium oxide, a surface 5 roughness (Ra (JIS B0601)) of the polished
surface cﬁﬁSS@IiPﬁ'ItOHeOIFaﬁge BREFEBRED. EMBEDOMENAH The di sk-shaped
crystallized gl agg pqlét.leentopﬁ@éﬁ‘@ﬁo@%etll’;l‘%elér@cpﬁr;?:tdcc% P5 P83 taGG9RdigNg to
the present invention has, for exanple, a nean particle size of the crystal
partiéPe Bhatsﬁebmurbaﬁgélefg eYuap G tori 1 i T Rark 01 8P g © 498 2ERItS ORs
preferabl gc@s @angubsts @afP‘Izéf‘f.@ﬁ nBgdon d’xﬁfq{dj'ang:r%@aqmlzerd gddiski on,

t he di sk-shaped crystallized glass plate obtained by the preparation
process alBORAPAGLEOYY HE PPESERE Si-nvBAPI G1F Ifdy Nedv &l § ortaaafd 61346 % or

hi gher of ;3 1 t8RSPAELERGE 1A Rl 2 & MEVEL ettgtnttcqfeatiq(;tgntrge@eqntttb%olc%s@I SO
preferable as a substrate for infornmation recording medium Further, the

di sk-shapéd g srapPrirzédoglassnpl @ies bt bi 1l 9By sthe PredFdredtt 8h Ttir(bcess
accor g ng; £ 0, § gy PEESEN oAV ENL 1 O JHY: BaVG: %hQOH§@§6‘1§Hr5@%@1aﬁa‘fh@9 a
surface roughness 20 (JI'S B0601) of 1 nmor less, and this is preferable
as a substrate for information recording nmedi um The crystal lized gl ass,
produced by the preparation process according to. the present invention,
having a polished surface with a surface roughness (Ra (JI'S HO601)) in a
range 25 from0.1 to 0.5 nmcan satlsfy all of surface snoot hness, fl atness
and the like which are required as a magnetic di sk substrate. In addition)
S|nce the crystalllzed glass accordlng to the present i nvention has a

. o 2 1. Y .



underlying layer may be a multi-layer underlying | ayer such as Al/ Cr/Cr Mo
and A1/ Cr/Cr. The unevenness control |ayer for preventing absorpflibfEdf 2003
magneti c di sk to magnetic head nmay be provi ded between the 10 substrate and
the magnetic |layer or on the magnetic |ayer. Because surface roughness of
the magnetic disk is properly controlled by the unevenness control |ayer,
the magnetic disk is prevented from bei ng absorbed to the nmagnetic head and
hence a highly reliable nagnetic disk can be provided. Various 15

mat eri al sagtblms)damt}b@mmtfhodeﬁonyhﬁtmewmeasa:mﬁ ral dtag/elraalnameeebtaearnﬂ(nom

“and they a not parti uI ar ted. For exa terial_ of the
inevennesol EUhT BPBREpENSRay¥Rl Tha FERRERoRE BTN SrL REE B RERATHEE ' om
Al, Ag, Tigo NO, Hoghét ,t19n tdk) T&rof Ghle Ala s, (aPdenPBraCereMyr arglydhe
like. allo Othereof OXIdﬁ ntrigﬁs carbi des thereof and the |ike.
For the e e 5EBRGEALEAe Phos® *pfdddckd Frdmifetaf B2 Eont &F hF hiC &L as a
mai n canpmtp:samdhtasnmmemﬁ Aiadalthays;hé\lcﬁxsdes patt Mdles tof dadse are
preferred. |nt01r'5_31 de a#ion f hea .stl Sur fac ;roug {mess OH‘ 25 t he
4 498 oBlrad BBRAY, R s 5 St EF B

unevenness-T1or m ny 1 aye
pr ef er abl )dd%ﬁwed)frejl&& 12G0 yasgstiiony z e\AhenIn herdﬂﬁmxt@ sddmssi it Harrtﬂﬂar

angstrons,_tf edr sclg_, S rfacgrﬁc?earki\_{ aﬂg henc e th(Ia1 rg%Qnetfl,(I; ?ead and
the disk are absorbed BaCK 6t hé |s i ‘pre “erredbécaise’

absor pt | onswrhfeaghl8(® Gt hel % rrayhdgbadvantagmmﬂt Vightsd dbheage tofn tt he
ragnetio MEAGidLNes TRANEL LG sl R4 JeadnthaaNn. Oy LheL PP )

when t eeds an strons, hei ght becone arger ‘an

r ecor di ng fdemsitthe |V51€dtpsvadvar¢tfaqé@u:slt3hel Gwerbdck Irsﬂdttetﬂ s;llasssnothlp?hefle?rred
35 Unevenngss s ke Prapwded ;qn the fn Ass -19 ~f) ¢ C
208 substratéﬁl bye a textural ng ltrét Qw@%tgpsﬁ%s etchl ng ‘treat rrent and
irradiati on of |lasreproness pasecdéneftoptbrpdpagnt Aavenddennasy sd@isr ol

| ayer. Th r.Qt y b e y alsl oy

| ayer, castbogr]flj(gl 2}% Ojéqztleracg%fzgﬁpayglrlftsi |cagpgy£}:§or%%h§ ﬁk‘ég‘ﬁiésg

prot edbi veanayézsagdni be salddesolvslipnf orpedipyite, titanate, spinel,

ani nl i nesputthahisnGARAANRLYSE 0gahRgW hiigheurdarhy nghauﬁg thhgemagnetic
| ayer and the like. These" protectlve | ayers may have eit her nDnoIayer

struct ur e &S takith 3§}€r”s91 Pedidr %°ltbté8ﬁpﬁ'¥%|9ﬁ§fle&é‘ﬁt]1@céﬁ OFY 4t 3 ¥ ertént

layers. AmetbehtRifbecld Yoot pyell 1niaa/ecb@1ars@vugled Ut Qhel igh efa 0 flohe
protective |l ayer explai ned above,, For exatrlr? a silicon oxi de ,ngI Qz) | ayer

ey be f orRER T SHRE TRELHAAE S iy DREAE PEREE SIRAAS HhE SRPEFRG L0

t et raabkoxysultdrea €ihyrediide nhglaéeahali slhogalvedvend rif\/\hh@hz@csltlam dal
silicam cro al’él cles are fhrther di spersed) and sintering the applied

| ayer. ThP$ Ié)‘f £5f 3k&t i*8RdTas a protective |layer and as an unevenness
control |ayer. Wil etaatitmgtsﬂasujs:a)ftd:ayn@ t‘rla)vgemi)ge:re,prf@posadm@aet,he 20

| ubricati | ayer, J.t i eneral ly forped ppl ying perf,l uoropol yether, a
I qui d | ugg c% (ﬁtb Sld‘é)énﬁ 9 f i B aM%%TE/%rﬁal@achl‘gé G e‘c?n?tbged‘lsﬂipl ng)
spi n coat ng, sspeayedgfnomtmeﬁrﬂqd@ cancs isathi rer td in@g 1tkied iceatead Hhayertatlo a
heal o5 CaNIEat ge LA L Ske 201 TDPL BT £PRLA LB Q67890667 01 [ 0.1 N
present invention provides a crystallTzed glfass capa providing a
magneti c dlnngsullbsﬁrla@edclbnbdswct)fglms crtylst adlas:sae;s gtca's@hammgl'laoz

pol i shed f t rf;a h Ra, (4l ge of
fromoO.1 ?gﬁoﬂgel% %ht}q:r olu(éﬁﬁggggl ﬁ?ts‘ﬁ 6rgnnlé f“a’%@%ﬁ? S%fo rea%ir??ng

| oner heallifhgirng. SFcthtW!@r—mla@rSsmadmstére giagsesn ¢ Mdicsk ROOrPAses-ifoat he
crystal i gedel 8330 $03E ol Din He PIEPAAL 02,REQGCTE ACARNTING ok c!
present invention has excellent surface snoothness, [ower flyi'ng o

magnef? c AEAdEXtRamely, eApgher Henshﬁyeréeepahﬁgdcaﬁ beoaeéoﬁthigﬁed In 35
addi tion rgbhEeotRE FROBEL)Ladl Sk LUMASAG e (MG GHrkHladlddiZed o f2Qhe

~~DFC, ?Cn3 gl ass prepared y the preparation process accor ing t

present | AVEALROAIRAS Rl yhehaYddgge st hooul esy sl Hitghvert wie attll\le Zélﬂastl c
modul us) tbwa%hgegrtegdacfacyl%hsamahtcgth@f tlepQirdli,Qn o lfnh@n@gg@%tew di sk
can be acconplished. 5[E ES] The present invention w | e expl ai ned
in detail leEﬁéteﬂru s tSdafrdtlln@mﬂﬁgseﬁénsPet,)i1baegtheOprr ddeafte iCivieAEion i s
not | h41i tedeh915BesE GAMICTe s (3 A% GAMPAShELORR Ak sEXANP) 0. }41@ngS are
shown 1n Tables 10 2 to 4 in nmol % (or % by wei ght) . is to be noted
that, although the conpositions describ®&d in Tabl es 2 to 4 are conpositions
of the raw materials) the result of analytical conparison between the raw
mat eri al conpositions and the crystallized gl ass .conpositions of Exanples 1
to 15 showed that the difference of IS the both compositions was within 0.1
nmol % Thus) the starting glass conpositions shown in Tables 2 to 4 are
substanti al I 'y the sane as the cr ystal I | zed gI ass corrp05| tions.
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-22 11~ ~ C?003 treatnent shown in Table 2. Exanple 4 has 75157‘5{}&0 2003
surface roughness of about 0.21 nmin Ra (JIS B0601), so this can "
sufficiently nmeet the demand for surface snoot hness of future magnetic

di sks. 5 The crystallized glass of the present invention, in the case of a
t hi ckness of 1 nm had 50 % or higher of transparency at a wavel ength of
600 nm and there was provided transparence to sone extent. Such the
transparence can be an indicator for deciding whether or not desired kinds
and particlie. si zek6 0f211 Qo yheabssar ea obd ained.5 149 it,ha 6case ohetdieass

crystallized gl ass_acgcoydi to e present inyeptipon, the afarenentioned
tr;nspar en%?/n%%f/nb%? lod;zze?(g ?e%gqfé’qf%'oﬁh?ﬁhér?Ofﬁjt“}?éq '4%9&)%%&960% or
?ti : I@fggthgrmcﬁﬂgs%o%e&&@é% 62&62063 *MdéagsCBBOﬂ&%ga@éi@zé % ggnggsﬂadiz%)ng 030
nol %9 12345S; Qz48,. 0047.0047. 0046. 004T. 00AL 11.0010. 5010. S010, 5012. 50My
10030, 00268 BbI0 028 2B onbLATS: THRCN WIS 00 4082885, Db5T LEbIBS B0z 002
. 00Ti Oz10. HKADL DD Oe HOIHD @ABA. Q0ALZ2DS, /orMyoD, 370 .a2TONIYO. B4G. 44 Si 1% /

MyO1. 61. 571. 651.,481, @gSgAHNB%%L.SSc?OGnSt?.i5n881;I'r?ngi }“;ioréotn%ngergtrhjroenél' o
(C) 732735729732729CF y&t at *hdci*E8t T Hy Heht™ 1 r eat Fenc Pefpér R e '
( ©) Tg+28TgB85iky eXEegt3gPg+3a@ayshngl thacleairnd bkatattent sehtstofreche

(h)44444Heat .| {e* ).30 300300300Cryst al Lizatiopn_heat treatnment
{etper at ur e (DU UbO OO0 100 100Dy St | 1At lof R8P | F SarEH T
ti me' (h) 44iediHSai0d N0 aaethe( Tl ki PAORUODN 02402406 2erihede settaoinies

7595 S0 VGBI 1 1t Sy Loy o S10a8a Tha. 113, Thha DRVARy <

‘modul us ( GRS 18 SIBW SNAAKS 3 PNUGLIAPG SEidh' 45 the aforementioned

ratio0. 23 . 2290, 23 ' .mduyl f elasticit .

(Mt Ky a8 S0 8T o BBl T AR Ve TR p Rt e O IGY) | EPd be bt e dhean
particle $i%dq pRddEr40202352013620L8080t70 opide qap be FWdZ thiqwad bl e 2
(continueq)o GRS 11 @BSthe case that the starting glass containing Ti0,

(nol 99 678910Si Oz45. 0045. 0045. 0045. 0045. 00A120310. 5010, 5010.5010.5010" 50My03
0. 00305003, 0U30. a3 GOAHIGR G0 G2 RO0BL00: GUR02 266K 62266 YRB361500. 500. 50
0. 500. 50Zrd33400¢ PO, 0022 0921 Qi 1% 14210 PH4 a0Q1E 080319 AMN203 4 .

‘My00. 350. 350. 350. 350. 35Si 02 / . . )

MyO1. 51. 5553 Mtz af \gos rves; 5w ogpmored il p € tiieone fRAPEL BE ik atd

(C) 71573502419 635@ kS tadld RUKaQdtnien@aiedt mlet@at B dsenRer A ed

(O Tg+35'|_|'|g+25T +33Tg:&31Tg+350 ystal nucleating heat treatnent tinme

(h) 44444 '°r‘|‘8‘rreé‘tt "(C/ ' h) 300300300300300Crystal | i zati on heat treatnent

t enmperat ure (C) FoR0RXQAA1HAR01RARLBRRGaYaAtdlbhi pabicerlkealf ttheapierlentti Me
(h)44444Heati nqg .rate** (C/ h) 180500S00500500Fr act ur ed- section .

ki hdG ass G rso o3 Ban b TS P o 8h - AL P Bt 17 o vhgg 1 1ized

Nb 6 %5 2 %6 QU422 @¥BFedilfoiws .gravi ty (g/ cnB) 3. 253. 213. 293. 343. 24Young' s

;na)t?rlogs2(2%%)2%?&f%é?ﬁi%éf53%%%1%%50%%%%&?us of elasticity

( MNNM kg) 45. 946. 844,2423550. OExpansi on coefficient (10-'/C)7276766871Mean
parti %e si ze (Rrpgo-.SCL.SO_- 6Q r3Q-,6040-10030-50 S+A+M = SiCz + A1203 + Mo *
Heati Ng rate at "WhAith a terdperature rises to a tenperature of heat

treatnment for cMgstal 1Auel ¢atmpnys5 ~* Heating rate at which a tenperature
rises froma tegpgratuge_-f@ org 1 rr.C LC3 of heat treatnment for crystal
nucl eating to a tefperature of crystallization for crystal nucleating. -26
~akE ~r, Q03:0abl& 310 mol%

Conposi ti onslllg%§}415%6_l7g @00@ Si 0246. 0096. 0096. 0046. 0046. 0046. 0046. ODAl zO
; 10..S010. 5010. 5 ©5010. 5010. 5010. 50My030. 5030. 0030. 0031. 0030. 0031. 0031. 00K
200. 560 5Sr 01. O0R.®010000. BOY¥(Qprrovided that R is at least one selected

0. 500. 500£50Q. 264Q. g@gugogggggsggggogg. 092. 902. 90g. R92. 00Ti Cz10. 0010. 009. 009
. 0010. 0010. 0010. 0O0A1203 /

Mg00. 340. 350. 3580340. 349D.184¢. 348eA+NBE86hH5BR 53872 586c &B7.BBY s5Teansidt i on726
728726725¢24 4324824 800Er @bHE®sting of ca, Sr, and Ba)

Tg(C) Crystal Tg+30Tg+30Tg+30Tg+30Tg+30TgTg- 32nucl eat 1 ng

heat t r eat ment t eApetattursé 0 C) Criyst &l 4a4e444mic| eati ng heattreatnment tine

(h) Head i ng $i0, + Al1,0, + MgQ + TiQ, : 92 mol% or more

rat e* 3003003003003603003206( c h()JCryst allizafion10001000106010001000100

Ol 0O0Oheat treatnenttenperature (C) Crystaldizati on4444444heat treatnmenttine
(h) Heati ng

rate**240240240240240240240( C/ h) Fract ured- secti ond assd assd assd assd assG
| assd asski ndTranspar ency at 82%0%%7%B80%80%80% 8% avel engt h of

600nnBSpeci fic gravity3.1273.1723.1753. 1243. 153. 1583. 1S6( g/ cnB) Young' s

nmodul us149. 2151. 8152. 1147. 1148. 2153. 0152. 1( GPa) Poi sson' s
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StA+tM = SiOz + A1203 + y0 27 1 2 G~. i, 2.03 * Heating rate at_which
a tenperature rises to a tenperature of heat treatnent for crystél? CceEC 2003
nucleating ** Heating rate at which a tenperature rises froma tenperature
of heat treatnent for crystal nucleating to a tenperature of 5
crystallization for crystal nucleating. -28 ~2"'":) ~~?2.Q-3 Table. 4
Conposi tions

(ol 99 18192021Si Oz58. 0055. 0047. 0048. 00Al zOz11. 0010. 5020. 0015. 00My020. 0024. 0
022. 5025. 50K 0Sre0 Y2A2@.1560. 500s502Zr Dzd s ©0ils GO t@A] i0.0010./00 10t H049L DH100. 00
100. 00100. 99100, 00A1z03 / My00. 550. 440. S90. 59Si Oz
/ Mg02. 92. 292. 091. 88S+A+MB9B9. 589. 588. 5S+A+M+T9999. 599. 59B. 5Transi ti on

t enper at urBh ge X0 7407 BHYA S5TUOTF ysempr haes eat i ng heat treatnent tenperature
. (O Tg+30Tg+25Tg+25Tg+3QCr yst.al .nucl eat.i heat treatnent tine

(h) 2222Heat i ngr a%lng( c/ %%60530%3306&%92‘% lization heat treatnent
tenperdture (C) MHID1O0MELOOCIDOOArYStedildtitzati on heat treatnent tine

(h) 4444- Heat i ng Jrat.e** h) 300300300300Ff act ur ed

sectiond assd asAsl(‘;‘ltOés'sG(gng?gngp% e‘ﬁ%ﬁ/g% wavel ength of 600

N7 2% 6938596 5%SPEdlf i:c 1gr avilby 3( gicep3gb23. 143. 053. 0SYoung' s nodul us

(GPa) 1451491391 i sson' s, rat,i . 220. 2310. 232Rel ati ve nodul us of
elasticity (M\IM%C?AJG. 47.88; ¥ fgoglfézg%l%m n crystal

ki ndEnst at i t eEngiraX:i teBnst at #t bEngeavghteCt her _
crystal,Ti t anat eTiit gnateTi tapat. eTi eExpansi on coefficient (10-'/ C) 6872
I 62658|\£gan parti -(:E\lezas'i ?e (%n?Z%%B%SQ%SO 7030-50Ra (JI'S B0601) (nm0.3 ~0.3
~0.50.4 -29 1B20:D B0 C-2D0B Mabveugttonti nued) Conpositions

(ol 9% 22232425Si,0838, 0945.9@%&gq3gw12g§%. 0010. 5010. 5011. 00My036. 5028. 00
27.0035. 00KZO4. 001. 00Sr 03. 50Y2035. 000. 500. 501. 00Zr Oz3. 002. 002. 001. 00Ti 029. 5

09. d09. 5013. 0016®200100° 001D0% OB 00 LML 203 / My0O0. 220. 380. 390. 31 Si Oz

/ MgOL. 041.46d1 n&Qh LhSieAtB2 84 S HIRIATMITI2939398Transi ti on tenperature
Tg (0 730715735741Crystal. nucl eating heat treatnent tenperature

( C) Tg#80 TS5 FF¥PSPJH2FEY) K145 5 FOPFLSFF heat treat ment time

(h) 2222Heat i ngr atie’( &/ }11),30039()@09@09@?{5{;& i zati on heat treatnment
tenperature (C)1000100010001000Crystallization heat treatnent tine

(h) 4444Heat i ng M8Pe** 10cnP80838038636Er act ur ed

sectiond assd agsGhassA ass Trads Py ency & pyavwalienot h of 600
nrrBOWSWZ%SZfV(Sge%fj ¢, 9r aavi ty11 ( /c_? 3.413.0123. 1243. 39Young' s nodul us
(Gpa) 19113B146182P0i‘ssbn’ & rati¥od' 41 2230. 2210. 242Rel ati ve nod~~ns of
el asti2eity (MNmBkgy 56.045.4846.b45 X eAMaith cryst al

ki ndEnst ati t eEngt gti t 6EQst ati t%egnst at é Q her

crystal Ti tanat eTi tanat éTi fafafel¥t 4Raf pansi on coefficient
(10'/C)82727481KRean:parti 6| & byzeeiphE50- 8015- 3015- 3030- 60Ra (JI'S B0601)

gglr?Jt0| gg %EAE& grgggz &~Z§§%§3f%§%9ﬁpl‘st atite: Enstatite and its solid
Ti0;, : 2.5 — 8 % by weight
25 Sb,0, : 0 — 1 % by weight
As,03 : 0 — 1 % by weight
F : 0 -3 % by weight
Sno, : 0 —“5 $ by weight
MoO; : 0 — 3 % by weight
30  Ce0 : 0 — 5 % by weight, and
Fey0 : 0 — 5 % by weight
and main crystals areat least oneselected fromcordieritesolid
solution, spinel crystal, solid solution of the spinel erystal,
enstatite, enstatite solid solution, [S-quartz, andf3—quartz

35 solid soclution. 8



* Heating rate at which a tenperature rises to a tenperature of- h&f ¢ 2003
treatment for crystal nucleating 5 ** Heating rate at which a tenperaturé
rises froma tenperature of heat treatment for crystal nucleating to a
tenperature of crystallization for crystal nucleating. [Method for

produci ng hard di sk] 10 As shown

i nFI G 6, amagnet i cdi skl of t hepresenti nventi on conprises a glass substrate 2
made of the crystallized glass - of the above Exanple 1, on which
unevennessT lcomuyst 8 ldyiere 43,9 Warsdherdoying destyer 4, magnetic | ayer 5)
protective |ayer,,6 and,|ubricati | ayer .7 are provided in this order. IS
Each | ayer will Sﬁg)zeXngi ﬁe%&isﬁ ggt‘z‘i#gﬂﬁ'he substrate 2 was a di sk having
an outer circul amoperiipher g or adbys wefigd2. 5 nm inner circul ar periphery
radi us of 10.0 nd, t.hi ckness aof , O. whose .hoth mai n surfaces were
subj ected to pr écizgf on 1peoﬁsi sr};ﬁtl'anngolsoo _tﬁ%[ rI{nh]:’eyy ""s%loqﬂbtd have surface roughness
Ra [JIS 20 BO60F,0of: 4 angstx.dnet and Wik tof 40 angstrons. The unevenness
control |ayer i% g t,hiln _AJAN%I erweolf h5£ 35% ni trogen content having average
roughness of 50 A&nystrons and Surface troughness Rmax of 150 angstrons. The
underlying | ayelib® a ¢h$ n—|ayerbpfw&idhtonposed of 25 Cr: 83 at%and V: 17
at % havi ng a thi,cknes f abouyt , 600A. e magnetic layer is a thin |ayer of
CoPt Cr corrposedcglf6 Co:%'$6 a?%g B?: Qg?g-ﬁgt% Cr: 17.4 at% having a thickness
of about 300A. TFhmé:protett+ve % ayerweésglat carbon thin layer having a 30

t hi ckngss of ab 100 gst The, ricating layer is a layer having a
thi_ckggss of 8 glrjygg%t'rozmsfin't,0 WhEIE gﬂsbv%s‘p‘f?%#ﬁr;gd by appl yi ng perfl uoropol yet her
on'the carbon psétect:i Ve dlayer® -y $spm wedarthitng net hod. The net hod for
produci ng magnefi;¢o di sks Wyl |5 e gxRplaiggd 35 hereinafter. -31  ~ Z e~c
a_o0~3 The crystal fiZzed gl ass of Exanple 1 was cut into a disk having an
outer circul ar B8Pephety-radi WY ofeBPhE mm inner circul ar periphery radius
of 10.0 mm and yBRbgkness of 0.1, e gk t he both main surfaces were
subjected to precision polishing 5 so that they should have surface
roughiéss Ra (JF8°B06B1T ®f *4PAnleisbRs ARA Rmax of 40 angstroms to afford
a gl ass substratke,dor. magN@t isC pegRrdinrg medi um Subsequently, the above

gl ass substrate, was set _on a substrate ho| der and transferred into a

char gi ng @RAnBRID GEYEGaLAI3 TR adphetF 905 BpPArsRARE tefhéRom HaIHBFEEr on

whi ch the Rrywd atd isaed A0t ABSL Sostenalte tias ,Sehswasiteasrial kedut@od,first
chanber \Mgeg:et%niéle target \{‘\B.Eee'fi%hegoﬁri]g EB%EQQ ng was perforned at a
pressure P TA RESIT afQ stBETraf 8 enperat are 6f°350°C in an at nospher e of
Ar + B gas (N2WitH%he aAkad ir @esthfi, omndAldw ¢ fomn alkaldper- ehantingesaif ace
roughness _Ra of . I d . :

t hi cknessggggghgé%%gg%?l%g%ﬁssg of i %gﬁ%zi/%trj)x\l/\%sgplraosvﬁ 'deghgﬁ %%é% 8
crystal | i Reddgisasdegalsstingt ®geThduidindeth oglafiscir etrr vyt .ablazédugl ass

subs trat Vi rl(rqupc I nNAS; t.h ranstert into a
second Zogéﬁgn%&?l%?%}lhge Witbf#\éa.%ryl\e/mt ar gen?ezgé%%g 3{3%%&%3%75‘3?9/5‘ and a
third chakbéh Prodided. via HsangoR ra target sterting alegsman gnBihiy) Cr:

17.4 a5 %  RUCPESSIME] ¥roA sk 14y Bikba¥er s haiif hoaeRd opy tif&e?:?lé?%%ﬁﬁé-
Sputterlnghwas performed at a pressure of 2 nforr and substrate tenperature

of 350 i ntAAtAheat MbEPHePE)tbahke himed aleaxide pRdtthe T2 LhBRIPYTRE | ayer
haV! ng a hQ!;QK'&@:&%eqfs POOME ¢ 6D0e BPISH YT @Pﬁiéh@ﬂ@omeibﬁpbwer
havi ng a thickness, of about 300 angstrons were formed. The nultil ayer
subst r at e®ha®®? Pyt R Hed fidrandd arfe 8N A8EE9€oNnt FBI 1§ e arded Frag:| aYer and

magnetic tRyesa @Dt heRt3qnlinansighiednt0a® §01dd h whamker srtovicdedewi th a
heater for_ heat treatnent. The fourth_chanber had an inner atnosphere of Ar

gas (P esdbkalimehads p¥idpd % RdeABAE LY eulReAtO NS SFet FoF Prdd Syl ERdRgi ng

the tenpenatyieot pde Neatad reatmdMr thhe vahoe SuWsunatse wag thencase
transferred into a fifth 35 chanber provided with a carbon target, and a

carbon protet?iialnigys alkaline-eartbded ylaperl dfavicgtiet AFERAeB&2Bf about

100 angst ¢ pesc WasedOTEdnUNgderat hge SaBr O 41 Ok jare Usedabauatenm ng of
the above CrV underlying | ayer and the above CoPtCr nagnetic | ayer except

that the Tayerrmagsf orimef FAcahl 5t hbdphei et bmesd Lokpdgase 14D to Bofe 5

Fi nal by, t hes ubs{ § &f eafd-arifardg nathecar ben pret eetever! ayetayasnfakepn out
fromthe above inline sputtering apparatus, and a |ubricating |ayer having
a thickness of 8 angstrons was forned 59'app| yi ng perfl uoropol yether on the
carbon protective layer by the dipping nethod, thereby affording a nagnetic
di sk. 10 The foregoi ng description of preferred enbodi nents of the

i nvention has been presented for purposes of illustration and description,
and is not intended to be exhaustive or to limt the invention to the

preci se formdi scl osed. The description was selected to best explain the

Y " S - a - o



an My0- A1203 is at |least alkaline-earth and a total ¢ 35 than 80 nol %
process for preparation according to any one of 4, w herein thefst &t o3
glass containing TiQZ is Si Z based glass or an Mj0- RO A1203-Si 02 (wherein
R one kind selected froma group consisting of netals (Ba, Ca and Sr), Zn
.and Ni) based glass, antent of MgO, A1203 and SiOz is equal to or nore -34
120cC2r3 7. The proc_ss for preparation according to any one of C ains
1 to 6, wherein the crystallized glass conprises SiQOz: 3S-65 nol %5 Al1z03:
S-2S nol % e lice4t InokiE i @sp3-ikd Inbl % ¥20s9 - D-tP0O5 moll%.zp CefeDalgl viol % 10
RzO 0-S | % reihn Rel I i pds s C fr

consi st nggi)}/ fwbeﬂg’lgﬁd fk)ét%r g?gkﬁgF%FV\Eé%eﬁ] hﬁg%afgrggsét%%%ge ki nd
sel ected fionthegroap cbnsontihging The StkahinBayapshkOreShby03xide2 nol %
and 15 Si + Al + + Tz, 9 % or i,N5C is
enst at i teog?u%l?é%g??%' s%/ﬂg[?c?fsg)l'%itgngng&{%'hepgg%géas@ 00'?' 1g?c§p§r g??%ﬁis
accordihg éesangbbee of ains 1 to 7, wherein the starting glass is a

pl at e-shaped ol ged cqugsc%ﬁqzirad fa £ $$ledlalderedls 0h 2%, d fs B &l e shape s
prepared therefrom and wherein CT’ e glass obtained in the phase separation
step is heatess dp tle arpgepérananedigrd thehrenresepbtimymntiipn ¢entains
crystal | zghl ofe s &R Al @ NGALNG 3G 8 oHAGH Bulk £hC851 185 6 u ey
process for preparation according to Claim8, wherein the plate-shaped

nmol ded gl a3% & sPTHR@iRR Ekeshapel BRaste pl at e- shaped nol ded glass not in a
di sk shppe is propgessatss aff el sphe tahEShaklt 236LeRe8k8Pint PnDEp &k & 4i sk
shape, thus to obtain a crystallized glass plate in a disk shape. 30 10. A
crystal | i z&8oF gPE2R2 TRt 2f M hot Bhst B § el 1 h2 ¢4 sIE2 931 HF C PHASRI alrR k% for

i nformati ofy & £EPE di Ne i 5K, w PT EPRE & DYE Be PrOEESSs EPNPEA SiNg a step of
phase separation of a starting glass containing TiOz and a step of

crystal | i zati on 'HfeR Rabjestrditigt hhdeatsbpar bRt §itad & erpiaasn et (hase

separatiom sj&p CIPrinesSr@, heatn BpmdF cald@OirOf —Ag o5t ) N gl ass at a
tenperature in a h nsi.tion

a range from-3 ~z 0~¢c z0o~3 the glass tra
{ epor Bt ur S TGS LD GIERed 1o &t Fan Bor didn &T6BRA i igHePAPRAT TIRS gl ass
transiti oncdeppidigb e drltg)in Smddnt A fCT yS] akldepad adledlSEn EOtwdl phaWe s,
enstatite as .a main crystal a ed for. information recording. disks,
repar ed” b R SRS TGy i %, a8e,n "BRadE aBRuPAERE I EEn a1 ng
gl ass conteiat heg, Th@zg hagls @ heowep wifa tcwy tadl lddz.ap hose gleplalra tiesul gl age
phase-separated gl ass, ..'.:gzrein.the phase .separation .step, ¢ rises a
heat tront Tat O Chacephy i T L Pna s IR BB R 8RS O
t he gl#ss irfnsitdeorn dimdseradupertigleotikzke gfatketormstehpermtilree 60C
hi gher th | s t iti r 1) =~ . c hzed _
gl ass acc?)({E igr}ig_:;'ﬂ'?lolaz:S daigrr]%%%% 'orﬁ%gﬁﬁgla%ﬁe}gaeﬁs ta#é uﬁ;eﬁg'?l % E%g%arrﬁ]?z i's
carri ed owtresdisrersedodnrigirmsohnjganrpartiicdles .Avanofthe lyd agsymtaiix

particles gonal ra%%d%itgbe vﬁrﬁﬁStSQ!Olgi.zegs[ %@é%ié‘r@é@@ﬂ@lé’é SR a Ly O

| ess than 100nm e crystallized glass according to any one of C ains
10 to 12, wiHeFePnarnenal)srald p286 2fi ABS fdartlaf nys 13 DPairk 184 eaiitd equal
to or 5or & A aph SniRk ¥ pBRsthephha tdaypd A1 é 280 sQ APSe 26 RGEI 1k 110 ANy One
of Clainms 10 to 13, wherein the crystallized glass is an_Si Oz- A1203- MyO
based gl a§*_s°.W 1. d’FH@Sé!tyH‘&I PF‘EEHEE! %ﬁ%r&peb?_ﬁli? n@eﬁﬁfﬁh?dcﬂﬁrﬂcb disms 10to
14, w her aige ﬁ(*ézoﬁb%klﬂgﬁh%iﬁﬁq'ﬂg?lcfigiﬁﬁﬁll@gz'e% gnéasMadn L 2 npi (G nPased
gl ass or anMyO- Al z03- Si 02( wher ei n sat | east one kind sel ectedfrom
group consittStid PeAYeAlk4fe-earth netals (Ba) Ca, andSr), Zn and Ni)based

gl ass, anda t ot alye&ant et a@fi oM Be tAb20, aMESIQZ &S 18GU ulcd u@le B @lnlkan80
nmol % 30 .16. The crystallized_glass accordi n% to any one of Clainms 10 to

. y .
15, wh¥dr eiGFYsdiad Idrafsk JLRE#edn i He [CERFMedds t6mger a38r65 Aot Bf AAGE 5-25
mol % - 36 sebaral idn s30@B NMIQ nbQeAQ aFel A I :q hrckS v W@ rir iGrgl G o0l %6
ZrOz: 0-6 nol %zQ 0-5 nol % wherein R sfroma groupconsistingof Li, Na
andK) RO (-85 Lfot- 84 dheteid  MRPsE ¥ ofn3 (FridupEbREFSEENGBf e€ANPSE - andBa) 10
Asz03+Sbz03: 0- 2wl Ygand aiﬂﬁflggu@ngoka@gbzsqla@qto@dg%sEe@%goe@agbnd _
sel ected S~Oz + A120; + _ﬁ/go + TiOz: 92mol% or nore, and a main crystal is
enstatite "3VdAGCPRROEDH R dot fRBAE AFCCTRE1BAYS EFFiazfet(frg'I“aeé’stla?dlr%’r di ng
to any;sone xQfnp@edi)MyatOs P dbtelv heniat tthe samestaltbirzedugl Rssrésid i a
pl ate shape 15 and in a disk shape. 18._ A substrate for information
recordi ng nmedi um conposed of a di sk-sﬁ?a(b“ed crystallized glass plate
obtai ned by the process for preparation according to Caim9 or conposed of
t he di sk-shaped crystallized glass plate according to Caim17, 20 wherein
a mean particle size of crystal particles is in a range of equal to or |ess
than 100nm 19. A substrate for information recording nedium conposed of a
di sk-shaped crystallized glass plate obtained by the process for

T oy ~ @ o Y " o ~ - o N 1



Disclosed is a pr ocess for preparation of crystallized glass obtained

maki ng a gl ass containing Ti Z subjected to a phase separation %t.,eBC nang
crystallization step, where the 5 phase separation step has heat treatnent
of the glass at a tenperature in a range froma tenperature of the glass
transition tenperature Tg (Tg -. 30 C) to a tenperature 60 C higher than
the glass transition tenperature Tg (Tg + 60 C). There are al so disclosed a
crystallized glass for information recording t ; 10 disk conposed of the
cryst a: |1 26h P4 ?isr?@hba&aedlrby(me fraam_ar ai mhiprmciasa?owher?g aomanrel
particle size of the crys particles is in a range, of equa toor ess
than 100 2%t \Wger TAX ignstﬁapéﬁ gI& P aﬁﬁv%?%?wﬁgﬁl%? 68‘(’5"%5 ~ or
hi gher; antk wdy i tHOmeald et eataendi,Ngh¢i gkaseonpesadacbdt e gbassoo h°é?vi ng 15
a polished surface with a surf Loug hnes J B0601) [n a range from
0.1 to 0.3 YRYErS)FHE PL 2596(3 A\%“i\ﬁqe’g Y CHE !

. Ah. A@sA\ o&\féﬁ]ﬁl\z&aﬁ;ﬁ.o@u\ ltrA\ah@eAE A#rAﬁh@A@uAsQiA@lﬁe A,e%perature

ACA AHL@, F, AP< A2 A Ehe AGL ALY

| 56zupkf a\ \WCa 85fca] cg] c'é ?:%1'] ca‘]ca] caj €4 ca]a fca]icﬁa%ég[] ca ca ca caU] cajc
ay] cal] cajaatijacdl] papbecaksal] d:aU]:caU]mai] chawhlng aVdiameter of 95 mm, and

45: 1 T} xsni qﬁ] % % % % v]e(‘1 % a] a]t%%] clg]ec%]fca]ega] or:y) §i9d caj ca] ca
] ca] ca] ca] ca] ca ca] C
IXtzinne $" wHTE." 4" ﬂiﬂvis}mact1Z>]nc}>ea]vea]lcm]sclac]f@ac]eca])ca]loa]s@aq%é;]h@a] ca] ca

A | " VH#WE
| e &i@%ﬂﬁ% B e R B A N A S e s o cal
caj-ca] ca] cfa:]rcan]lraas]eca]ecpa]r@&]l@a] ca¥cbh caderdch] ta] e cﬁa]lc%ﬁ]Ctﬁa]r@al]gé'lal]e@a‘e] ca] ca]

r95/66 787 8 9 ‘& wsi an om
)C/?O] e ZU| (?"gé %J ca] %a%%%aagga%%%%]%?g]dca] cgi]gca] ca] ca]lé:a] ca] caU] ca] caUlc
a] ca] ca] nglgg]qggaq;@] taihR] Cg]h@aqz;hquaeq_lcal averageroughnessina fie
) *< <KL L ——
a] cja] cal cajfca I%] cgg]qggﬁ:ja Hl]]gggf ca ca¥\g caf‘cca)?icg]ﬂcg gg?Jég]%]ch?]cg?]cg
] ca] cdfN QT%SS eT‘*F%?\?\K&[?%\mSR%tl]‘]%’S”PleS As shown 11 F

y", ada@kiaakenaXal eix¢ ekl Xheksakcad el & ealtral €} oad oi'ed &ﬁhQ&]s%a] caj ca

] ca] ca] ca] ca] ca]calcalcalc c] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! [ coceef f)f"fghhht
i hich was subjec¢ted to the heat treatment for phase separation

| Hyll =nt mm pRop quuw%%%vyhﬁaelﬂ ol Qh]ecta&ﬂ&r@d@r@]oqalﬁaht‘gak¢a]ac°@])ca] caj c
a)J ca] ca] ca] ca] ca] ca] ca] ca] Ca]ffcg]lg cal ca] ca ca] ca] ca] ca] C?“]A'lca] ca] cal vvvwxz&

{{} ~~~(f eNPhPWERBBEYREPFEAf L E&al8afc ]‘Ea‘f%a‘]‘c%t] taj & ¢4 ¢5F8a] ca] ca]
ca] cakoa] oalicale*r¢ €& €& ]wal @a]z@a]:cadm]c&ar]smaana raid)Ax idlthe glass

Cal tal cal LR RAPCal LT £ APCER €T € APRAVEE Rl R BB AP EHTL] by ¢

a] ca] ca] cahaalecat 6mlaCod i & £&) fa]sma"]:c a]o@l&]rClﬂﬂ onkta] Talkedd cahpekraahea] ca] cal

ool e o sl L g e ol

d} xsni d_Zplfchenl g apda] capbapda] s:lac] kkgrvaktedldapdad taje a]acra]neae] sapddlesa] ca] ca

Lgﬁlscgéfg? \]?%Ir%]ﬁ]%% f?]lgﬁlég? ]B‘Jclg?]ch;ﬁ Ctg]@gg}(ggx ¢ { af?:la] %% Sc%l]scea acra tcla ca]sc"a] cal
c"a] ca] capadlecah caa]teabea]aca]reaia:ms]eéjmi @ af] cep 856 Yye 'BFQBK\PWW\IY]t]l]apca] calc
] oo oh] ERPAPCRE: Pog EHREF By WREAYT ﬁ“?%%?]c el cifcafapesedttica ol
a] c( a] ca] ¢xpoaltta] a'a] ta] aa]tea])ea]aca]rea]soa @]J@@]m]@a]ma:]l‘cea]’ltg‘amotﬂ \ COd0%&

yV\g%GPJ/: ?8%1% %%1]1%9&%@%%%?"5%%%}#%ﬁ%}%{%ﬁ é%?'%&e(r t:)“ T6ony ay a8

TEVA0%§&C( hivher thard 081! B3 IORD £} £ rablPoiR n) a X & Mg t(l)n@&é’@ow& () -

10 10 10!
ZX6uSL! ,\%gﬁjﬁr qﬁﬁ/ﬁ) b8 7) & tlvi“é’(%%%ée( OV $4iE (R G doe ()- PCLO%
'()-D78}7<. 1 10;’(;0 go8e100s@AKY - @ee this p01nt relation between t

109&: () -! 1524 10%&%06) I@a%#ajxpe/{fgérgg? @#sld%‘yq%n(af @lloc/fﬁys(aaﬁﬁlzﬁm [g%ss
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& () -1 QG 8p#10%& () - Bp% WUBP1 10X, TH109%VE&' ()-]'gs%d0% : & ()-s! s9d0% /

/& ()-s!sYA0% ()-s!3"10% {({& ()-!B"10%*& ()- !X z!zX9P1 3 2 BEE L0
1oxe10%v& ()-! 8+#100& () -1 BO+#10%& () - +#1000B& () - ) WAOWVE () -! FWp o0&l
SZIEEHEE | i rS2 1 y&10%& () -{ 10% ()-%0% ()- 10 10

10! H\8p#10%& ()-}!1\Bp#L09ME () -} mi"" | #NSSUXVAr S2 1
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y&L0YA&' () -1 y&L0%&' () - %A8z&&j ' ' wWXIrS2 1 v
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RO e Tkt (oL A (OO
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"109&' --

11 pso! 100 1 RO o (1S FYORABIERAFY ) AP (N GEBOARR { of 1ass

\ YORA0% $I o {3)iGdd@etSHIanE (he @mlsjeljslejp@zartsm treatment in the

R i e I e
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666767[ 7]
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8~888z[ PE: temper@ ty¥elround the Tg, the structural changes of anuntreated

o 0 1 1Q09 09 888899} [ 9P
E}O fl&l 6[))2) Bsé%%%/%n@ga@c&%ﬂ%@% e@ @50 HA%E nl GhNRRAELOYE Lok @B H

S109%& () - SlePakOWijof EyeStBel0%L& (pnBEORLOYRE { Iot810% 25 (- £990]0999z: { Y7

PE! 1'”"51‘9%0 ¥&eb)a dsu'épn@ nt‘g‘amsmlsslon electron microscope (TEM).
s=10% Q (I) )!Is= 10%& I's1 10% | & ()-S si10% & ()-Sz::::;L;; " =PE’ 1!!
|, 8#10% &FEP- B tboys %%M BhabogRaPRs #Dof ke ¢ 8 -9 bADOES ( ) Alss SEEWNNZOM) - ;

'*< <<<<<)F\ﬂ; 31! hlleQ%:giphase separated particles are not seen in the
1033' S#10983& ().-! GABSH10% j & () -! N6SH109%&' () -!1, SHI0%& () -

. SH10 R ()mgggg.tdeg}a.pR) | on e e}:herlbg@ (t)he micro-phase separated

109%& () -1 pal@¥&16)- 'alb@lt@%&n@) w'1$81@%98afé c]]-Qﬁlgi 7vsden >PWfne ! glass
104\ " %40% | & () - %4 0%& (21 %409 ( 2 (Vd.O(V@& ()-. 10%& () -
109%&' () - B‘?P@‘\Bﬁeé——@@ﬂlﬁa ERGmeRt at a temperature of Pg plus 25 C
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4 shows TEM photographs of the glass without being subjected

to the phase separation treatment and theglass obtained by being
subjected to the phase separation treatment for four hours at
25 a temperature of Tg plus 25 C (760 C) and thereafter by being
subjected to heat treatment for four hours at a temperature of
1000 C. TEM photographs in FIG. 4 shows that the crystatl
partlclesofthecrystalllzedglasssub]ectedtothepretreatment
for four hours at a temperature of the Tq plus 25 T (760 T)
30 are smaller than those of the crystallized glass without being
subjected to the phase separation treatment.
The same effect of making the crystal particles in a form
of micro-particle given by such the heat treatment for phase
separation was observed with respect to glasses having

35 compositions 2 to 10 shown in the after-mentioned Table 2. It
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e on other characterlstlcs of the crystallized glass was also

examined. The result is shown in Table 1. As seen from Table
1 below, it is found that the Young’s modulus and the expansion
coefficient of the crystallized glass prepared in the process
15 of the present invention aré almost equal to those of the
cfystallized glass subjected to the pretreatment with the
conventional heat treatment process, or to those of the
crystallized glass without being subjected to the pretreatment.
That is, the process according to the present invention can make
20 the size of the crystal particle smaller, without changing
mechanical characteristics or thermal characteristics of the

crystallized glass.
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1 10%r & () -

e LALRE e,

Heating rate (°C /h)

300

300

300

300

- 300

Pretreatment
temperature (°C)

Untreated

730

7490

750

760

Pretreatment time
{h)

Heating rate (°C/h)

300

360

300

300

300

Second treatment
temperature (°C)

ig00

1000

1000

1000

1000

Second treatment
time {h)

Young‘’s modulus
{GPa)

148.8

147.2

147.1

147

147

Thermal expansion
coefficient

{1077/°C)

73.8

73

72.8

73.2

72.1

Table 1 (continued)

Heating rate (°C /h)

300

300

300

300

300

Pretreatment
temperature (°C)

710

7890

790

800

820

Pretreatment time
{(h)

Heating rate (°C/h)

300

300

300

300

300

Second treatment
temperature {°C)

1000

1000

1000

1000

1000

Second treatment
time {h)

Young’s modulus
{GPa)

147.5

147 .9

148.5

148.8

148.8

‘| Thermal expansion

coefficient
(1077/°¢)

72.8

72.33

73.9

72.4

73.1

Pretreatment: Heat treatment for production of crystal nucleus

Second treatment: Heat treatment forgrowthof crystal particles

10 In the preparation process according tcoc the present
invention, it is preferable toheat up theglass cbtained through
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can function as an index for estimating an approximate size of

10 . the crystal particle. It is to be noted that, since some

components which affect the transparency might be contained

| depending on compositions of glasses, a relation between a size
of the crystal particle and a transparency is slightly different
among the glass compositions. '

15 In the preparation process according to the present
invention, using a plate-shaped molded glass as a starting glass
can provide a plate-shaped crystall.i’zed glass. In this case,
the glass o-btained from the phase separation step is preferably
heated up to a temperature for the heat treatment in the

20 crystallization step at a heating rate of 10 T/min or less.
The plate-shapedmolded glas:;as a startingglass can be prepared
in the usual manner. 7In addition, using a disk-shaped starting
glassastheaforementiconedplate-shapedmoldedglasscanprovide
a disk-shaped crystallized glass plate; or a disk-shaped

25 c¢rystallized glass plate can also be obtained by processing a
crystallizedglassplate, whichispreparedwithastartingglass
of the plate-shaped molded glass, into a disk-shaped glass. -A
polishing method described later can be uvsed for processing the
glass into a disk-shaped glass.

30 After finishing the heat treatment for crystallization,
theglassisfirstmoldedintoadesiredshapeandthenthesurface
of the glass is further poclished. The polishing method is anot
particularly limited, and polishing can be performed by a known
poelishing method using synthetic grinding grains such as

35 synthetic diamond, silicon carbide, aluminum oxide, boron
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B"109% & () I)ieﬂ'z:ﬁatlon process according to the present invention has, for
example, a mean particle size of the crystal particle in the
10  range of equal to or less than 100 nm, and this is preferable
as a substrate for information recording medium.

In addition, the disk-shaped crystallized glass plate
obtained by the preparation process according to the present
invention may have, for example, 40 % or higher of a transparency

15 at a wavelength of 600 nm, and this is also preferable as a
substrate for informatioan recording medium.

Further, the disk-shaped crystallized glass plate
obtained by the preparation process according to the present
invention may have a polished surface having a surface roughness

20 Ra (JISB0601)oflnmorless, andthisispreferableasasubstrate
for information reéording medium.

The crystallized glass, produced by the preparation
proceés according to the present invention, having a polished
surface with a surface roughness (Ra (JIS B0601}) in a range

25 from0.ito0.5nmcansatisfyall of surface smoothness, flatness
and the like which are regquired as a magnetic disk substrate,
In addition, since the crystallized glass according to the
present invention has a higher Young’s modulus as approxlmately
twice or more as that of the conventional glass, deflex1on due

30 to higher revolution of the disk can be reduced to be smaller,
so the glass is preferable as substrate material for realizing
a high TPI and high BPI hard disk.

In addition, & magnetic disk can be prepared by forming
at least a magnetic layer as a recording layer on the disk-shaped

35 crystallized glass plate obtained by the preparation process
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invention is characterized in comprising a substrate of the

10 present invention and a recording layer formed on the substrate.

A magnetic disk (hard disk) comprising a substrate composed of
.the glass of the present invention and at least a magnetic layer
formed on a main surface of the substrate will be explained
hereinafter.

15 As layers other than the magnetic layer, underlying layer,
protective layer, lubricating layer, unevenness control layer
and the like are optionally formed depending on functions of
the disk. The respective layers can be formed by various thin
film-forming technigues. Material for the magnetic layer is

200 not particularly limited. For example, in addition to Co based
magnetic layers, ferrite based magnetic layers, iron-rare earth
metal based magnetic layers and the 1ike can be mentioned. The
magnetic layer may be either for horizontal magnetic recording
or vertical magnetic recording.

25 Specific examples of the magnetic thin layer include, for
example, those containing Co. as a main component such as CoPt,
CoCr, CoNi, CoNiCr, CoCrTa and CoPtCr, and CoNiCrPt, CoNiCrTa,
CoCrPtTa, CoCrPtSi0 and the like. The magnetic layer may be
consisted of multiple layers comprising a non-magnetic layer'Wh

30 for noise reduction by separating magnetic layers.

The underlying laver of the magnetic layer may be selected
depending on the magnetic layer. For example, the underlying
layermay be those comprisingat least oneor more of non-magnetic
metals such as Cr, Mo, Ta, Ti, W, V, B and Al, oxides, nitride,

335 carbides and the like of those metals. For a magnetic laver

-18-
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of magnetic disk to magnetic head may be provided between the
10 substrate and the magnetic layer or on the magnetic lavyer.
Because surface roughness of the magnetic disk is properly
controlled by the unevenness control layer, the magnetic disk
is prevented from being absorbed to the magnetic head and hence
a highly reliable magnetic disk can be provided. Various
15 materialsandproductionmethodsfortheunevennesscontrol layer
have been known and they are not particularly limited. For
example, the material of the unevenness control layver may be
at least one or more metals selected from Al, Ag, Ti, Nb, Ta,
Bi, 8i, Zr, Cr, Cu, Au, Sn, Pd, Sb, Ge, Mg and the like, alloys
20 thereof, oxides, nitrides, carbides thereof and the 1like. For
the ease of production, those produced from metals containing
Al as a main component such as pure Al, Al alloys, Al oxides
and Al nitrides are preferred.
In consideration of head stiction, surface roughness of
25 the unevenness-forming layver is preferably Rmax of 50-300
angstroms, more preferably Rmax of 100-200 angstroms. When the
Rmax is less than 50 angstroms, the disk surface is nearly flat,
and hence the magnetic head and the disk are absorbed to each
other. This is not preferred because the absorption with each
30 other may disadvantageously cause damage of the magnetic head
and the magnetic disk, and head crash. On the other hand, when
the Rmax exceeds 300 angstroms, glide height becomes larger and
recording density is disadvantageously lowered, so this is not
preferred.

35 Unevenness may be provided on the surface of the glass
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the magnetic layer and the 1ike. These protective layers may

have either monolayer structure or multilayer structure

10 comprising identical or different layers.

Another protective layer may be provided on or instead
of theprotective layer explained above. For example, asilicon
oxide (810;3) layermaybe formed on the protective layer mentioned
above by applying tetraalkoxysilane diluted in an alcoholic

15 solvent, in which colleidal silica microparticles are further
dispersed, and sintering the applied layer. This layer
functions as a protective layer and as an unevenness control
layer.

While various kinds of layers have been proposed as the

20 lubricating layer, it is generally formed by applying
perfluoropolyether, a liguid lubricating agent, diluted in a
solvent such as freons by dipping, spin coating, spraying or
the like and subjecting the coated layer to a heat treatment
as required.

25 The preparationprocessaccordingtothepresent invention
provides a crystallized glass capable of providing a magnetic
disk substrate composed of the crystallized glass having a
polished surface with surface roughness (Ra {(JIS B0601)) in the
range of from 0.1 to 0.5 nm, the roughness in the range capable

30 ofrealizinglowerheadflying. Furthermore, since the magnetic
disk composed of the crystallized glass prepared by the
preparation process according to the present invention has
excellent surface smoothness, lower flying of the magnetic head,
that is, higher density recording can bhe accomplished. 1In

35 addition, since the magnetic disk composed of the crystallized
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Glass compositions of Examples 1 to 25 are shown in Tables
2to4 inmol% {or % by weight). It is to be noted that, although
the compositions described in Tables 2 to 4 are compositions
of therawmaterials, theresultof analytical comparisonbetween
the raw material compositions and the crystallized glass
compositions of Examples 1 to 15 showed that the difference of
the both compositions was within #0.1 mol%. Thus, the starting
glass compositions shown in Tables 2 to 4 are substantially the
same a8 the crystallized glass compositions,

Asthestartingmaterialsof theseglasses fordissolution,
$i0,, Al,0;, Al{OH),;, MgO, Zn0O, NiO, CaCO;, STrCO;, BaCoi, Y,0,,
Ti0O,, 2r0,, EKNO;, Sr{NOs3)};, Sb;0; and the like were weighed into
2000 g portions according to the given compositions shown in
Tables 2 to 4. Itistobencted that all of theseglasses contain
Sb;0;3 of 0.03 mol%, although not shown in the Tables. The
materials thus weighed were mixed sufficiently to provide
formulated batches, and each of them was placed in a platinum
crucible and melted in air for 6 hours at 1570 C while being
stirred. After the melting im the crucible, the glass melt was
castintoamold, lefttocool totheglasstransitiontemperature,
immediately transferred into an annealing furnace, annealed in

the glass transition temperature range for about 1 hour and left

tocool toroomtemperatureinthefurnace. Theresultingglasses

did not contain deposited crystals which can be observed by a
microscope.

The glasses thus obtained were molded into rectangular

samples and disks of @100 x 1 mm and then further polished,
21—
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glasses were heated up to the heat treatment temperature{second
treatment}, shown in Tables 2 to 4, for crystallization at a
heating rate of 5 C/min, kept at the temperature for about 4

10 hours, and then cooled down to room temperature in the furnace,
thereby crystallized glasses were prepared. The rectangular
crystallized glasses thus obtained were further polished into
the glasses having a length of 90 mm and used as samples for
measurements of Young’s modulus and specific gravity.

15 Disc-shaped crystallized glasses of $100 x 1 mm were further
precisely polished into the disks of¢$95 x 0.8 mm and used as
samples for measurement of surface roughness. The measurement
of Young’s modulus was achieved by the ultrasonic method using
samples 0f 90 x 10 x10 mm. The data obtained in the measurements

20 are shown in Pables 2 to 4, together with the glass compositions.

A mean particle size of the crystal particles in the
crystallized glasses of Examples 1 to 4 was measured by using
a transmissionelectronmicroscope (TEM), and themeasured value
was 20 to 30 am. Also, a mean particle size of the crystal

25 particles in the crystallized glass of Example 5 was measured
by using a transmission electron microscope (TEM), and the
measured value was 50 to 70 nm,

With respect to the measurement for surface roughness,
surface was observed using an atomic force microscope (AFM).

30 The arithmetical average roughness in a field of view of 5 x
5 umwas calculatedwithrespect to3 to 5 portions on the surface
of each sample. FIG. 5 shows an AFM photograph of the
crystallized glass of Example 4 which has been polished in a
polishingprocess used for preparationofanoptical glass, after

35 subjected to the heat treatment under the conditions for heat
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magnetic disks.

5 The crystallized glass of the present invention, in the

case of a thickness of 1 mm, had 50 % or higher of transparency

at a wavelength of 600 nm, and there was provided transparence

to some extent. Such the transparence can be an indicator for

deciding whether or not desired kinds and particle sizes of

10 crystals are obtained. 1In the case of the crystallized glass
according teo the present invention, the aforementioned
transparency may be, for example, 20 % or higher, further 40 %

to 90 %, or still further 60 % to 90 %.
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"10%& (J-TK 510, 48.00 | 47.00 | 47.00 | 46.00 47.00
Al,0, 11,00 10.50 4 10.50 10.50 12.50
MgO 30.00 30.00 28.50 31.00 28.50
Zno
Cao
Sro
BaO
NiQ
Y,0, 1.00 0.50 0.50 2.00
Zr0, 0.00 2.00 2.00 2.00
Ti0, 10.00 10.00 1¢.00 10.00 10.00
Al,05 / MgoO 0.37 0.35 0.37 0.34 0.44
. 5i0, / Mg0 1.6 1.57 1.65 1.48 1.65
i S+A+M 89 87.5 86 87.5 88
Transition 732 735 729 732 729
temperature Tg (°C)
Crystal nucleating Tg+28 Tg+35 Tg+31 Tg+38 Tg+31
heat treatment
temperature (°C)
Crystal nucleating 4 4 4 4 4
heat treatment time '
{h)
Heating rate* {°C/h) 300 300 300 300 - 300
Crystallizationheat 1600 1000 1000 1000 1000
treatment
temperature (°C)
Crystallizationheat 4 4 4 4 4
treatment time {(h)
Heating rate** {°C/h) 240 240 240 240 240
Fractured-section Glass Glass Glass Glass Glass
kind
. Transparency at 75% 73% 78% 79% T6%
o wavelength of 600 nm
Specific gravity 3.086 3.14 3.11 3.158 3.038
{g/em?)
Young’s modulus 148.5 150.5 147 153.2 146.7
(GPa)

Poisson’s ratio 0.231 0.23 0.229 0.23 0.225
Relative modulus of 48.1 47.9 47.3 48.5 48.3
elasticity {(MNm/kg)

Expansion 72 72 75 74 70
coefficient (1077/°C) ,
Mean particle size 30-440 2030 20-30 20-30 50-70¢
(nm)
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"1008& ()-/K "109& ()-/K "10%& ()-/K "10%& ()-/K "10%4& () -/ bct uvwxl P4K
"1008& ()-/ K "1008& ()-/ &K "109& ()-/ &K "10%4& ()-/ &K "10%4& ()-/;cD
<<<"xyz{| pPOK "1098& ()-/K "1098& ()-/:cD <<<"K "1098& ()-/K "1098& ()-/K
"10080& ()-/ 2K "1K "1008& ()-/K "1008& ()-/K "10%& ()-/K "10%& ()-/K
"10080& ()-/K "10%& ()-/pT8K "1008& ()-/K "100& ()-/ %< "10%4& ()-/K

" 109& (}abKe "A0PBE { Dl O

"1099&
"1099&

D <<<"pP4K "10989& ()-/K "10%W& ()-/;,cD <<<"K

Y= K10 9B
oppogi g e ' v o ASne
A Xy 0 ] . X 7457007
Al,0, 10.50 10.50 10.50 10.50 10.50
Mgo 30.00 30.00 30.00 30.00 30.00
Zno 2.00
Cao 2.00
Sro 2.00
BaO 2.00
Nio 2.00
Y,0, 0.50 0.50 0.5¢0 0.50 .50
Zr0Q, 2.00 2.00 2.00 2.00 2.00
TiO, 10.00 i0.00 10.00 10.00 10.00
Al,05 / MgoO 0.35 0.35 0.35 0.35 0.35
510, / MgO 1.5 1.5 1.5 1.5 1.5
S+A+M 85.5 85.5 85.5 85.5 85.5
Transition 715 735 727 719 735
temperature Tg (°C)
Crystal nucleating Tg+35 Tg+25 Tg+33 Tg+31 Tg+35
heat treatment
temperature (°C)
Crystal nucleating 4 4 4 4 4
heat treatment time
(h)
Heating rate* (°C/h) 300 309 300 300 300
Crystallizationheat 1000 1000 1600 1000 1000
treatment
temperature (°C)
Crystallizationheat 4 4 4 4 4
treatment time (h) -
Heating rate** (°C/h) 180 500 500 500 500
Fractured-section Glass Glass Glass Glass Glass
kind

Transparency at 56% 52% h0% 42% 20%
wavelength of 600 nm

Specific gravity 3.25 3.21 3.29 3.34 3.24

(g/cm’)
Young’s modulus 149.2 149.5 145.3 142 162
(GPa)

Poisson’s ratio 0.224 0.23 0.225 0.218 0.235
Relative modulus of 45.9 46.6 44.2 42.5 50.0
elasticity {(MNm/kg)

Expansion 72 76 76 68 71
coefficient (1077/°C)
Mean particle size 30-50 30—-640 30-60 40-100 3050
{nm)

S+A+M = Si02 + A1203 + MgO

* Heating rate at which a temperature rises toc a temperature

of heat treatment for crystal nucleating

** Heating rate at which a temperature rises from & temperature
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46.00

46.00

46.00

46.00

46.00

46.00

Al,0,

10.590

10.50

10.50

10.50

10.50

10.50

Mg0O

30.5¢0

30.00

31.00

30.00

31.00

31.00

K,0

0.5

0.5

Sro

1.00

.00

§.50

1,03

0.50

0.50

.50

0.50

ZrOZ

2.00

2.00

.00

2.00

TiO,

1¢.090

10.00

.00

10.00

Al,05 / MgoO

.34

.34

S+A+M

87

(oo} an g QN3 § 6 3 N ) § Y

7.5

Pransition
temperature Tg
{°¢C)

126

726

725

Crystal
nucleating heat
treatment
temperature (°C}

Tg+30

Tg+30

Tg+30

Crystal
nucleating heat
treatment time (h)

Heating rate=*
(°c/h)

300

300

300

joo

300

300

300

Crystallization
heat treatment
temperature {(°C)

1000

1000

1000

1000

1000

1000

1000

Crystallization
heat treatment
time (h)

Heating rate**
(°C/h)

240

2490

240

240

240

240

240

Fractured-section
kind

Glass

Glass

Glass

Glass

Glass

Glass

Glass

. Transparency at
wavelength of 600
nm

82%

T0%

67%

B0%

80%

80%

78%

Specific gravity
(g/cnm’)

3.127

j. 172

3.175

3.12¢4

3.158

3.156

Young’s modulus
(GPa)

149.2

151.8

152.1

147.1

148.2

153.0

152.1

Poisgsson’s ratio

0.232

0.234

0.234

0.231

0.232

0.231

0.232

Relative modulus
of elasticity
{MNm/kg)

47.7

47.9

47.9

47.1

48 .5

48.2

Expansion
coefficient
(10 "/°c)

77.9

75.1

74.7

78.2

T4 .5

72.3

Mean particle size

(nm)

20-30

3050

30-50

20-30

20-30

20-30

20-30

S+A+M = Si0, + Al,0, + MgO
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of heat treatment for crystal nucleating to a temperature of

5 crystallization for crystal nucleating.
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DhBEC 23

"10080& ()-/:cD <<<"K "1008& ()-/K "100& ()-/K "10%& ()-/tXK "10%& ()-/K
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" 1090 ()‘1‘-a/b|1|24K4"K " 1008@&' ()-/"K "1000& ()-/ 8K " 1090& ()-/ &K " 109%A& ()-/ &K

"1099& ()= “ va@fgiffﬁg—ie%$%'()-/, =<K "10@“@%{?—7
" 1098& () - ﬁwﬂﬁe‘s@%"‘%y/ 2K 1K 710904 () - 20 ‘
810, 58.00 55.00 47.00 48.00
Al-,0;, 11.00 10.50 20.00 15.00
Mg0 20.00 24.00 22.50 25.590
K,0
Sro
Y,05 0.50 0.50 0.50
2r0, 1.00 1.00
Ti0, 10.00 10.00 10.00 10.00
100.00 100.00 100.00 100.00
21,05 / MgoO 0.55 0.44 0.89 0.59
8i0, /Mgo0 2.9 2.29 2.08 1.88
. S+A+M R 89.5 89.5 88.5
g S+A+M+T 99 99.5 9%.5 98.5
Transition 740 735 745 740
temperature Tg (°C)

Crystal nucleating Tg+30 Tg+25 Tg+25 Tg+30
heat treatment
temperature (°C)

Crystal nucleating 2 2 2 2

heat treatment time

{h)

Heatingrate#* (°C/h) 300 300 300 300
Crystallization 1000 1000 1000 1000
heat treatment
temperature (°C)

Crystallization 4 4 4 4
heat treatment time
(h)
Heating rate#** 300 300 300 300
{°c/h}
., Fractured section Glass Glass Glass Glass
s Transparency at 12% 76% 35% 55%
wavelengthof 600 nm
Specific gravity 3.12 3.14 3.05 3.08
{g/cc)
Young’s modulus 145 149 139 142
(GPa)
Poisson’s ratio 0.221 0.22 0.231 0.232
Relative modulus of 46.5 47 .5 45.6 46.1
elasticity
(MNm/kg)
Main crystal kind | Enstatite | Enstatite | Enstatite | Enstatite
Other crystal Titanate Titanate Titanate Titanate
Expansion 68 72 62 65
coefficient
{107/C)
Mean particle size 20-30 20-30 50-7¢C 30-50
{nm)
Ra (JIS B0&01) (am) 0.3 0.3 0.5 Q0.4
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vod0%-%& () - YYINAK " I10R #T0%g%&0() - .[OR # 09 Y& [() -1 PR 11.00
' MgO 316.50 28,00 27.00 35.00
X,0 4.00 1.00
Sr0O 3.50
Y,0, 5.00 0.50 0.50 1.00
Zr0;, 3.00 2.00 2.00 1.00
Ti0, 5.5¢ 9.00 9.50 13.00
100.00 100.00 100.00 1006.00
21,0. / MgoO 0.22 0.38 0.3% 0.31
8§10, /Mg0 1.04 1.64 1.70 1.11
S+A+M 82 84.5 83.5 85
S+A+M+T 52 93 91 98
Transition 730 715 735 741
temperature Tg (°C)

Crystal nucleating Tg+50 Tg+35 Tg+25 Tg+29
heat treatment
temperature {°C)

Crystal nucleating 2 2 2 2

heat treatment time

(h)

Heatingrate* {°C/h) 300 300 300 300
Crystallization 1000 1000 1000 1000
heat treatment
temperature (°C)

Crystallization 4 4 4 4

heat treatment time mE T

(h)
Heating ratex** 300 300 300 300
{°c/h)

Fractured section Glass Glass Glass Glass
Transparency at 30% 75% 72% 62%

wavelengthof 600 nm

Specific gravity 3.41 3.012 3.124 3.39
(g/ce)

Young’s modulus 191 138 146 182
(Gpa)

Poisson’s ratio 0.241 0.223 0.221 0.242

Relative modulus of 56.0 45.8 46 .17 53.7

elagsticity
{MNm/kg)
Main crystal kind | Enstatite Enstatite | Enstatite | Enstatite
Other crystal Titanate Titanate Titanate Titanate
Expansion 82 72 74 81
coefficient
(1077/%C)
Mean particle size 50-80 15-30 15-30 31060
{nm)
Ra (JIS B060C1) {(nm) 0.4 0.2 0.2 0.4
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of heat treatment for crystal nucleating to a temperature of

crystallizatidh for crystal nucleating.

[Method for producing hard disk]

10 AsshowninFIG. 6, amagneticdisklofthepresentinvention
comprises a glass substrate 2 made of the c¢rystallized glass
of the above Example 1, on which unevenness control layer 3,
underlying layer 4, magnetic layver 5, protective layer 6 and
lubricating layer 7 are provided in this order.

15 Each layver will be explained in detail. The substrate
2 was a disk having an outer circular periphery radius of 32.5
mm, inner circular periphery radius of 10.0 mm and thickness
of 0.43 mm, whose both main surfaces were subjected to precision
polishing so that they should have surface roughness Ra (JIS

20 B0601) of 4 angstroms and Rmax of 40 angstroms.

The unevenness control layer is a thin A1N layer of 5-35%
nitrogen content having average roughness of 50 angstroms and
surface roughness Rmax of 150 angstroms.

The underlying layer is a thin layer of CrV composed of

25 Cr: 83 at% and Vv: 17 at% having a thickness of about 600A.

The magnetic layer is a thin layer of CoPtCr composed of
Co: 76 at%, Pt: 6.6 at%, Cr: 17.4 at% having a thickness of about
300A.

"The protective layer is a carbon thin layer having a
30 thickness of about 100 angstroms.

The lubricating layer is a layer having a thickness of
8 angstroms, which was formed by applying perfluocropolyether
on the carbon protective layer by spin coating method.

The method for producing magnetic disks will be explained

35 hereinafter.
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so that they should have surface roughness Ra (JIS B0601) of
4 angstroms and Rmax of 40 angstroms to qfford a glass substrate
for magnetic recording medium.

Subseguently, the above glass substrate was set on a
substrate holder and transferred into a charging chamber of
inline sputtering apparatus. Then, the holder on which the
crystallized glass substrate was set was transferred toa first
chamber whereanldl target was etched and sputteringwas performed
at a pressure of 4 mtorr and substrate temperature of 350C in
an atmosphere of Axr + N; gas (N; = 4%). As a result, an ALlN thin
layer having surface roughness Rmax of 150 angstroms and
thicknessof 50 angstroms (unevenness forming layer) wasprovided
on the crystallized glass substrate. ’

Theholderonwhichthecrystallizedglass substratehaving
the formed ALN layer was set was then transferred into a second
chamber provided with a CrV target (Cr: 83 at%, V: 17 at%$) and
a third chamber provided with a CoPtCr target {Co: 76 at%, Pt:
6.6 at%, Cr: 17.4 at%) successively, and thin lavers were formed
on the substrate. Sputtering was performed at a pressure of
2 mtorr and substrate temperature of 350°C in an Ar atmosphere,
with the result that a CrV underlying layer having a thickness
of about 600 angstroms and a CoPtCr magnetic layer having a
thickness of about 300 angstroms were formed.

The multilayer substrate having the formed unevenness
control layer, underlying iayer and magnetic layer was then
transferred to a fourth chamber provided with a heater for heat
treatment. The fourth chamber had an inner atmosphere of Ar
gas (pressure: 2 mtorr) and the heat treatment was performed
by changing the temperature for heat treatment.

The above substrate was then transferred into a fifth

chamber provided with a carbon target, and a carbon protective
-32-
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Finally, hesubstratea terformlngthecarbonprotectlve
layer was taken out from the above inline sputtering apparatus,
and a lubricating layer having a thickness of 8 angstroms was
formed by applyving perfluorcopolyether on the carbon protective
layer by the dipping method, thereby affording a magnetic disk.
10 The foregoing description of preferred embodiments of the
invention has been presented for purposes of illustration and
description, and is not intended to be exhaustive or to limit
the invention to the precise form disclosed. The description
was selected to best explain the principles of the invention
15 and their practical application to enable others skilled in the
art to best utilize the invention in various embodiments and

various modifications as are suited to the particulaf use

contemplated. It is intended that the scope of the invention

not be limited by the specification, but be defined claims set

20 forth below.
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comprises a heat treatment of the starting glass at a temperature
in a range from the glass transition
temperature (Tg) of the glass to a temperature 60°C higher than

10 the glass transition temperature (Tg).

2. A process for preparation of a crystallized glass containing
enstatite as a main crystal and used for information recording disk,
comprising a step of phase separation of a starting glass containing TiO,
and a step of crystallization of the resulting phase-separated glass,

15 wherein the phase separation step comprises a heat treatment of the
starting glass at a temperature in a range from the glass transition
temperature (Tg) of the glass to a temperature 60°C higher than the glass

transition temperature (Tg).

3. The process for preparation according to Claim 1 or
20 Claim 2, wherein the heat treatment is carried out so as to control
a mean particle size of the crystal particles contained in the

crystallized glass in a range of equal to or less than 100nm.

4. The process for preparation according to any one of
Claims from 1 to 3, wherein the crystallized glass contains TiO,

75 in an amount equal to or more than 8 mol%.

5. The process for preparation according to any one of
Claims 1 to 4, wherein the crystallized glass is a Si0;-A1,0,-MgO
based glass.

6. The process for preparation according to any one of
30 Claims 1 to 4, wherein the starting glass containing TiQ, is
an MgO-A1,0,- Si0, based glass or an MgO-R0O-A1,0,-Si0, (wherein R
1s at least one kind selected from a group <consisting of
alkaline-earth metals (Ba, Ca and Sr), Zn and Ni) based glass,
and a total content of MgO, Al1,0; and SiO, is equal to or more

35 than 80 mol%.
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TiO;: 5—15 mol%
Y20;: 0—10 mol%
ZrO,: 0—6 mol%
10 R>,0: 0—5 mol% (wherein R is at least one kind selected
from a group consisting of Li, Na and K)
RO: 0—5 mol% (wherein R is at least one kind selected
from a group consisting of Ca, Sr and Ba)
A35503;+8b,0,3: 0—2 mol% and
15 510, + Al,O0; + MgO + TiO,: 92mol% or more, and a main crystal
is enstatite and/or its solid solution.

8. The process for preparation according to any one of

Claims 1 to 7,
wherein the starting glass is a plate-shaped molded glass
20 and a crystallized glass in a plate shape is prepared therefrom,
and ‘
wherein the glass obtained in the phase separation step
is heated up to a temperature of the heat treatment in the

crystallization step at a heating rate of 10°C/min or less.

25 9. The process for preparation according to Claim 8,
wherein the plate-shaped molded glass is in a disk shape, or
the plate-shaped molded glass not in a disk shape 1s processed,
after the crystallization step, to be in a disk shape, thus to

obtain a crystallized glass plate in a disk shape.

30 10. A crystallized glass containing enstatite in its crystal phase
and use for information recording disks, prepared by a process
comprising a step of phase separation of a starting glass containing Ti10,
and a step of crystallization of the resulting phase-separated
glass, wherein the phase separation step comprises a heat

35 treatment of the starting glass at a temperature in a range from
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#1098& ()sal0To #1098&n £ )iv90r e ALQAYHE dixx90'prepared by a process comprising a

step of phase scparation of a starting glass containing TiO, and a step of
crystallization of the resulting phase-separated glass, whzrein the phase
separation slep comprises a heat treatment of the starting glass at a

10 temperature in a range from the glass transition temperature (Tg) of the
glass to a temperature 60°C higher than the glass transition temperature
(Tg).

12. The crystallized glass according to Claim 10 or Claim
11, wherein the heat treatment is carried out so as to control
15 a mean particle size of the erystal particles contained in the

crystallized glass in a range of equal to or less than 100nm.

13. The crystallized glass according to any one of Claims
10 to 12, wherein the crystallized glass contains TiO,; in an

amount equal to or more than 8§ moi%.

20 14.  The crystallized glass according to any one of Claims
10 to 13, wherein the crystallized glass is an 510,-A1,0,-Mg0O
based glass.

15. The crystallized glass according to any one of Claims

10 to 14, wherein the starting glass containing TiOQ,; is an

25 MgO-Al,0;-8i0, based glass or an MgO-RO-A1,0,-5Si0, (wherein R

is at least one kind selected from a group consisting of

alkaline-earth metals (Ba, Ca, and Sr), Zn and Ni) based glass,

and a total content of MgO, Al,0; and SiO, is equal to or more
than 80 mol%.

30 .16. The crystallized glass according to any one of Claims
10 to 15, wherein said crystallized glass comprises
510,: 35—65 mol%
Al;05: 5—25 mol%
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0—5 mol% (wherein R is at least one kind selected

from a group cbn’sisting of Ca, Sr and Ba)
10 As5,03+8b,0;: 0—2 mol% and

Si0, + Al,0; + MgO + TiO,;: 92mol% or more, and a2 main crystal

is enstatite and/or its solid selution.

17. The crystallized glass according to any one of Claims

10 to 16, wherein the crystallized glass is in a plate
16 and in a disk shape.

18. A substrate for information recording medium, composed

of a disk-shaped crystallized glass plate obtained by the

! disk-shaped crystallized glass plate according to Claim
| 20 wherein a mean particle size of crystal particles is in a
of equal to or less than 100nm.

for preparation according to Claim 9 or composed of

19. A substrate for information recording medium, composed

of a disk-shaped crystallized glass plate obtained by the
for preparation according to Claim 9 or composed

26  disk-shaped crystallized glass plate according to Claim

wherein a transparency at a wavelength of 600nm is equal

or more than 40%.

20. A substrate for information recording medium, composed

of a disk-shaped crystallized glass plate obtained by the
30 for preparation according to Claim 9 or composed
disk-shaped crystallized glass plate according to Claim
wherein a polished surface having a surface roughness Ra
B0601) 0.1 to 0.5 nm is included.

21 A process for preparation of a magnetic disk comprising

35 at least a magnetic layer, as a recording layer, formed
disk-shaped crystallized glass plate obtained by the
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a transparency at a wavelength of 600 am is 40 % or higher; and
an information recording disk, composed of the glass, having
15 a polished surface with a surface roughness Ra (JIS B060G1) in

a range from 0.1 to 0.5 nm.

{Fig. 6)
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