 #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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gl ass conprises 52 % by weight 25 % by wei ght 20 % by wei ght 15 % by Mmei ght
Zr0 : 1 -8 %by weight ZrCz : 0 - 5 %by wight 10 LiaO 0 - 3 % %

- B203 : 0 3% by weight 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 : less than 10 -
20 % by weight PZOS : 0 - 4 % by weight 20 B20; Ca0 BaO ZrGa Ti Oz 25 Sbq03
O - 4 %by weight 0.5 - 4 % by weight 0 - 5 %by weight 0 - 5 % by wei ght
2.5 - 8 %byyweatyhtz04d- gla%}byamtghhlﬂgae chaPactdr¥sbycwetghigk : 0 - 3 %

by wei ght Sn 0 by Q : 0-.3 %Dby wight 30 Ce0O,: 0 - 5
% by wei ght‘}osﬁaer-%zbé 3% GP\% %)W%egﬁts éﬁ&srtﬁ.aﬁeerI}erargfareaatoreast
one sel ecteelcrbrd)ﬁngomﬁﬂr iderisalsi dagokbticonecspihey mydist alr, tsel itiksol ution
of the spi it taidl en% a]érstse evnlsntatrtelolrd sol utiqn, uartz,
and( 3- quar z 3% (R RS ATE] ‘hgving exce %%Gdgptﬁéléfyét‘& sf‘ézarvgo
A10; 5 PZOISJ.&Q&:IﬁaZ@ eaeozhaasbl,rezedggu assmesrpraxmeshe ¥ike, GBa% by, wei gh
t 10 - 20(be ss,than_ 10 %
weight - 1Ay N TR e Lt 2B 0 8 b § o Ll P PhEng B gu s
- 5 % by VIewlgdrﬂhnaﬂsTt@zbe @.5 rm8oPo bywwe gintRSbt.@Bs BO®N) - 0.5 %by

wei ght AszQ 0.5 %D ht i % b vver ht I\/b03 0- 3%
by wei ght 15 CecCl)[ ?erse ba\;/\ehm% tssnh 20%‘7:le é/s lht and
mai n crystieemreraitf dwadt onea krmlselettedudresnléasemamt zva:(Berqmartz

solid I ti on, § erl d
forsteirilrot gé}lspg% fso%%’tr%ﬁatzcgéﬁ#fh {'lal glfﬂ }% I%oxrg e'I a%dlﬁee &

al kal i ne- esrh it neted foxiidd omiatimmer ecor ben gged iashay istaa hiigh Yo ass’ s Wen
Sbz03 is Usfl, S§ LihRg,t r ng platinum
froma plati nu%?c%ufg?%?e ?9%9%61%184“ nggeg‘?fgigig I ﬁ%aexs%éo\% t hgtlﬁ&

gl ass, so aiil®yer trak@ GBI 5 BHEAAD] ﬁgngbas@mmﬂdﬂbnfbﬁtlbigcthegpglat!mum
from bei ng: 4 e4oh Mid B toheaeh sid1 n%.cﬁr &fiah @bt&etb% hbgccopientepf the
alkali metal oxide and the al ka |ne earth nmetal Oxide is respectively 0.1
mol % oks hragﬂneryempemt:heevire\npeﬁngeoﬁrfvbtaartnmrngrtaherabbﬂxécaavunta@ean It is
to be notagd B3hosl PriRe1 857 U Nzabkalle Heldly 8 ffr o ot ent

of the 30 alkali oxl| ersaequateySm)I%o ess srncethe al kal i
netal oxi de TSP (toedlnfE Y5aR§LIS iRBAGRBBETREERe RASRY of LR ni ng

al kal i ne- ¢ hBnoBkakoQXl ¢ephOle LI LiHeéa Radtnt RS ey 8Rh10E 28 A8 the
al kal i ne-earth netal _oxide is adequat el ¥15 nol % or | ess since the

al kal i ne- &% W% 9158%de 2PndeRFEINERE LS5 LHE RFGEERF 1RFEREIR% haf ger.
I n t heocase eaf cmmtlaau‘edtg t he _g_ ~2 0 ~_c; z~o0~ alkali netal oxide,
especially, K20 of tog 5 %__preferabl further
preferably 0.1 F&TFh Im‘%ries g&‘ i PESSERY AT %‘é’tc%sge f@f“nggrﬁﬁél

al kal i ne- patetffe rmshilal, dwirderoedpeagakhy, cSY@t@ilﬁ)zédtg)lésm%taﬂﬁBé earsabl y
0.1 to 2 rml%rs 2 d sr abf%mThe crgstal |zed e11 the
af or ement FoRed *G1ESs PR pP8LasE RREBFETAY T the % %n't on
cont ai ns &osingt’ist elo@'lmlrutss osfollr4cm S@lautolxorh igrhok/rora s waeltlz asoltihek saoinftaim as a
princiypal ls PR@s fore i eat t ts in the
P oceds 1 5 ubHube SURC: 5 o186832 ] 1 CPERE ¥ a5 o BERE Fhehe Csent
i nvent i on ajolrle meatdiomaefdt @r’nabe des:@maltedl Q\Naesrs mmr@mmar@mm Hevert

treat ment nper.at ur . T

My0- ( RO) - ﬁa& %atl‘é 3t (1I3n F qsraf!ﬁaPl né- earth ‘92% Bore C‘faefeé'rablé’a Zn
and Ni) ) 910&5831 o sl  Ohd aimi aghaat:éntgarrratarrmﬁnﬂ()o?C/I'mﬁa o5 beparated into
two phases, aﬁsoeuﬁéﬁpueg &9 ¢4d Br gﬁéal &a@é?etgeggwg Wddi sy -
That is, the gI ass shows) at we ca phase separation

separ aei oA Ot Par Syt pﬁaslé(%@dalrleﬂ&fbaleﬁ Stcrtetgumbha@kargr ea;tla'@ts
'”flUencecgﬂt%hHQEga@qopaéﬁbf%EtééZ€§ olohfgeCLyplelesbft Lbeactygtal | zed
gl ass. Nornally, hases aboundi ng Wih T o2 kre drspersegl I'n fornms of
m cropart Fébfésfxﬁlarmngltohes‘gtfmss*’hmter itheprhlaeee seyoundiivg wieh 151 Odeads the
i cropartt%s%m@h@uecﬂl RYeWghDsTi Q2 ar @ oRpRllghr o8 5§ %.ergﬁu the fjmnal crystal
particle formed 25 fromthé m cro-phase Separated partic d°as’a core is
made smal kermpekHowutre Yepbsilbvweletsaal tee gl xso- -phase iSepartamee mpanttecl e i s
the k i i ng Cry i I nt ai ih,n frn cr taI

parti g%/e %I\é:f {heo qultél%on Bet v&g&eﬁék héggar gtsetzﬁersat rutf(?tgre%of the rSé%
crystallized gl ass and the treatnent te?rperature in the phase separation
step will hereinafter be described referring to

48Si 0Z- 11A1203- 30Mg0- 1Y201-1 OTi 02 gl ass as an exanple. The

48Si 02- 11A1203- 30My0- 1Y203-1 OTi 02 gl ass (the glass having conposition 1 in
Tabl e 2 according to the after-nentioned 35 Exanpl es) was subjected to heat
t r eat ment for four hours |n a 10 o~ N Dc C ZGGS range of terrperature
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transparency at a wavel ength of 600 nmof the crystallized gl ass ’t@u@gg 2003
obt ai ned and the tenperature for the phase separation 35 treatnent was
sought, and the results are shown in FIG 2. The -11 ~i ~~ ~ 2003
results shown in FIG 2 confirmthat the crystallized glass subjected to
t he phase separation in the tenperature range froma tenperature 30 ~C
| ower than the Tg to a tenperature 60 C higher than the Tg has a hi gher
transparency, and the crystallized glass 5 obtained through the phase
separ at i ontheeadtarent rams 1 hiod erpelatatie & pNJde@ gabevéChasesmablrefeesysi al
particles. _Further 0. exam ne how the mcrostructure of t

q} ¢ ?(gund

, .in order t
obt ai ned cf§8P&11S 73355 S5 ShahPR<t SIRFF A Tkt &9 57 2atEBRPEFLEGRSL &

the Tg, theigheunctbhaml tthanbhess of ransdintpeatedpdfaghass and a crystallized
gl ass obtained t ﬁ?k‘lggrr? p@as&dgﬁégégghgni}l%gﬂlrrggtre g,lenperature of Tg
plus 25 ~ (760 ~) Were Obser ve hg a transSm ssion ef etiron m cr oscope
(TEM . ¥l GrsshbWszdEM pnot ogh bphsabl et hgspaliagsesst st segngfaom FI G 3,
m cr o- phas rticl.es .ar ot_seen in the 15 untreated glass; on
t he ot her ﬁ%ﬁgg?%ﬁ%&%{g? -Sﬁl%’a-'seec t}e%agsoataeopehp%sre[iscﬁpélsraa 16°unnd3|tned) with®Tioz are
clearly seerysnalhezgt bos sdelp, ebeed tbhetdhmdweabparenioendt i ha st eeper at ur e

of Tg pl us 0.7)r Jh | asses rther_h p 1000 "~ at
a heating 1—2% arg{'ggfog t]t?l nqelflae%%dggu jg%\?égr%gu%ge{%riﬁag%?zg?%na

treat nent fempéoaruhowes,Cahaw¢herhaiEM iobsravsat toassivel encoadpetecurdl G 4
shows M pho r of t it ho LR bjected.to the_phase
separ a];I(-llEon(p r%}g(?n@;{]ésandp t%gt%\hg%za%%gi ﬁ@adﬁ?}lggggg&gﬁﬁj g%teeatlflgsthe phase
separ at i ont 1 ¥ehi heen ferprdARUOUrs at 25 a tenperature of Tg plus 25 ~
(760 =) and thergaldys by Being: S £6H e d pefienln L IpAI PN fpfpdpur hours
at a tenperature of 100 ~. TEM'phot ographs 1n FIG shows that the
crystal patiyetaek! bied el atrssteinevhdl by asz 41wk - trared tor ¥ heabkigdat nent
for four hpWss 818 d edlernd Wi Lindde Tg plus 25 "~ (760 "~) 30 are

smal | er than those of the crystallized glass w thout being subjected to the
phase Weparati o 1% BAEFBAE. 1 RN ko ferFtdar 6PPpRks 81§’ tthe UBEFSRAR $RF ticl es
in a formiafsdied ©Or Pardd d @i g/ e dYu B UClohpEs diedd £ td epf Sedndweq phase
separation was observed with respect to %I asses havi n% 35 conpositions 2 to
10 shown iSFRHE 1354 AR P &S CrabParacterized in haty peanaRtigle f ound
fromthe expes idEehe halstawhparthesesgliassas twer eabyb) 6£1€Eud 0 € or
conventiorial h(gflt tge‘gt ment Flocess, hat. is, subjected tg_the hlgat

treat nent at° % tPBRpethLlf & SPPEGF 2 TE %ngl i U %5 OR-F eCQRG L LA T r

subj ecbed domidee rofstaaldiiskatshap &1 tdeed YR i 2ilerl dde wanee condi tions, the

size of the crystal. ticles, of .these gl asses, becane .appr.qxi y two
times as Icglragrea?/cstzfsr]tz%g 8¢ é]%‘—h% < rt"37:satn§1‘1aig"'zeenaC ygfazﬁs% w&fbﬁleeg{%etgl toga % ﬁé r‘d'hase
separ at i ori st ddattmemt hdpbler ; t ied consib s bnat ecfor di mip tne tiven prexseniing

i nvention Furt , i nf l_uence o C .Separ ation treatment on
other char" <'31c"(]:d?L erl ’stélbg‘rg Og’fae r;"it r?g & ?'rsltsgi [ %aneglcgriﬂaa;lg 4 ES% gglxaasrrsj{l elc?s:%‘l'he
result is cdhoweteriksd énl thas seaw ¥irdmdabinf akehdlaovi)nd ta isuffomed t hat
the YoSNo-duEdldes @Nqaule speRaNs ot COff [diCliRle Ot i | | zed gl ass
prepared in the process IS of the present invention are alnost equal to
those of the cryat affizédngl blves mudy et cdqver tilpn pedatest bend midadesshe
conventi ondly Beabakhfabieal PpGfifeysOratdk WANIRSO fOFncEYSIAlyized Ol ass
wi t hout bei ngsubj ected to thepretteatnment. That 1S, the process according to
t he presedtdistventd sacenhinaka yr fhensidzen of disk- ehypedicqwataldieedml | er,
wi thout. clangisng FRENM £3l, GNAEZALERESEESF 1Ol PR R ghDRIACI AL StICS Of
the crystallized glass. -13 ~ cc ~o~~ Table Pretreatnent tenperature
depend@ncy eaF tY@dng Sesvddiag and etrhamrdlh eo)spdidirar ec dofr iidifammadfioBxanpl e
1 Heating £abedisg medium.

/) 300300300300300Pr et r eat nent Unt r eat ed730740750760t enper at ure

(O Pretreatnent tinmed44444(h)Heating rate (C/ h)300300300300300Second

t reat ment 3e@+00@12R0106094008t enpenatlwg o<C) Second treat nent 44444t e

(h) Young' s nodul us148.8147. 2147. 1147147( GPd) Ther nal _ _

expansi on73. 87372eSTR 720 fcoel ¢ GitaimT(slend/ B2 BirpgPé 4h ¢ daritanfued)
Heating rate (GphhL3003003003003Q0Rnety eat Bt 27073Q79080Q820 qmRar3t ur e
(C Pretreatnent tine44444(h)Heating ratz (< h) 300300300300300Second

treat ment 10001000100010001000t enper at ure ( C) Second treat ment 44444ti me

(h) Young' s nodul us147.5147.9148. 5148. 8148. 8~GPa) Ther nal

expansi on72. 872. 3373. 972. 473. 1coefficient (10-~/ C) Pretreatnent: Heat
treatment for production of crystal nucleus Second treatnent: Heat
treatment for growth of crystal particles 10 In the preparation process
according to the present invention, it is preferable to heat up the gl ass
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crystal particle is in the range of equal to or less than 100 35

nm but preferably, theneanparticl esi zeoft hecrystal particle -15 1t 7 BEG 2403
2Q¢73 is in the range of from10 to 70 nm The nean particle size of the
crystal particle can be neasured with the use of, for exanple, a ;
transm ssion electron mcroscope (TEM. In addition, in the crystallized

gl ass obtained through 5 the process according to the present invention, a
transparency at a wavel ength of 600 nm can be 40 % or higher, preferably 50
% or higherefénred hebodbdndstsadetriee forlyst abnpaderell é nicomsinaldtegron wieh
transparengy iélsC (5 haerhe@n(gratwhﬁgef or &, H‘i Sy [ ransparency can function as an
i ndex for éstima |r?1% an appr oxi mate S1ze of 10 the crystal particle. It is
to be noted thathIaki riceshomse acorpandéphns bvhiveknabkf ectfbhe toagspasencyy m ght
be contain dj n conposi tions of glasses rel ation .bet ween a

si ze of thcgp%g’ggfg}z%(grﬁ%ﬁser%n% E %Ir%angnb%r?teﬁ%/m esra:rf‘f g%?’{%/r cﬁ}ﬁseer ent anong
t he gl &ss somgpost ieons. 15 I n tha preparation process according to the

present inventi usj | at e-.shaped de | as tarting gl ass
can provide a p?ﬂl‘tgel %%@?%raysrtea]la\m e&%waesegj. gé\ ?lt]f%nfgzpagra%ec)%{ t%te%gl ass
obt ai ned fwaoom drey tphaste SEparmtad ont st epry st prlef erdild ya dreateld auphas e

t enper at ur heat o i ZO crystallization step at a
heat i ng ra%eegaglga gl%be‘} mn aotﬁnrﬁqlgérs? éeln"iptlt"<[;1]"Eeee'- shaped nol ded gl ass as a
starting gl ass &if b8 priepar eddtvatrehsdal aemeersnilss iaddigliegtrogsi ng a
di sk-shap ' .

g asoads PO Il (ran) of an yntreatod glase and a crystallizedialase
crystal | i 280 aylinessh thlravgh dphasd skpshapedn2tr ¢t yment [atzed iy izt e can
al so be ohtai S$4 crystallized glass plate, which is

pr epar ed \?\%?hﬂgq’slt%r Itozlrs(r)l@@gﬁ'ﬁs‘&sJ ng) ‘the pl ate-shaped nol ded glass, into a

di sk-shaped gl adds -A4p(‘§| O rﬁ’glorﬁ@tg}?@@}kfeéwr i3 &k ATHTeS Sl l?éelfglié’@nf or
processi NG itd1e HASS (19 _efdhsm&@@p@@ltgb@@sbe,s&gAéﬁlgjeétéuseu N alshe heat
treatnment for crystallization, the glass is first _nolded into_a desired
shape 1é_nd %%%W%&Fﬁéé@eéﬁ _taﬁé gl &éést“_PEl‘F_%h%? P61 &He St PFAS shi ng
net hod is toknRaphk6l! fEp¥rdt Dbk efor AWLPUISY AG GaPe e PLEEPE R Ty a

known pol i shi ng hod. ug&ng synt hetic gri ndi ng grains such as 35 synthetic
di anond, $ilGscer darbitfe) LAl apfinthe b BBer boy ohelng subjerted tg hegd

car bi de or ch@ denke f o FRAlrUmAl 1@ 1atdianG Hpd s uUChh 23 opat aral  di anond,
cerium oxide or the Like. For exanple, b% c%\r)%gucti ng | appi n%.gr ﬁcgss with
the usual polisfhitfy FetBod aRdYaBFRretdérls e AT TFEE SHtAJPE0Cess usi ng
ceri urenoxipda,i s isngr hacey bt s bufhadsgl {Ra £ a8 BRGADLE of ii he ppdliissHied
surface can be 0ifn atnh% range ofl fsr omO0.1to 0.5 nm The disk-shaped
crystalli zegpgl ass pl-ate “obt diriéd by the preparation process according to
the present inveagGi.oh ims, sthenekaopd Bys - sveant @aal ivdlesr oif zee mafg atelvd ccr yst al
particle i h r of. _equal L 10 : this is
preferabl éiqasg( g sjaglgs?t%rggt%g Sr qilﬂ%f Sﬁ%és%ingn%?%g%?gi%ﬁg (r%éjg‘l@tfr%\%qﬂﬁ gddi tion,

t he di sk- shhapéd 1dhiyeidad ] & ged udistors i dt, eo mbthdi ated nbyn ¢ hen pe £ Foattiror ,
proce a r.di g pr.e inv LoD , , % or
R Gher of 20E7 anepamend Re e gble LURRLR AR T RS, DB Say e O
preferabl é &8dalydisdcasiadf davienf Gr pati emovddeddiimg thddi @mderurt her, the

di sk-shaped crystallized glass plate obtained by the preparation process
according to the present invention may have a polished surface having a
surface r BE§ERESTI2Y RE THESPRBEBRRESH EMBAMIYENTSEss, and this is preferable
as a substrate e J W QITRL AP £ E6RAI1RG HBAL WP r ol £5 Y $Rsltiadad 2Qlgass,
produced by the preparation process according to. the presént invention,
havi ng® a ﬁglaiss?h}@d squpifestd R § ha s S teicier gl GRRes® f LY SCPBEGLRPTI n a
range 25 L@@ Qnd §0c Pyt HM £20: S | ${ ¥p 2l Pft SW @GR t3MAALRAE T o okl At NESS
and the like which are required as a magnetic disk substrate. |In_addition)
si nce the%BEpdtablesey tg1eass o8€E6r-di Aglt 6 orke iFredsént 2 i ThAHitiTsh IRES Sa

hi gher Young, s RBEHLHE ASARRY 9XIaNBEEL Y, 1 WiCe Qft iFRF £ 88t tihal pebckhe
conventional gl ass, deflexion due 30 to higher revolu%lon of the disk can
be reducefftidibersparpeiprsyt the giusisa ikl prepdrsgsl-e A urstt af & ifat eri al
for realizingsazhi o JR andshigh exh%rr@md't%-vi@w?QQhE'@ﬂthaat”%ﬁ@e,t' c

di sk can be prepared by formng at 1east a magnetic |layer as a recording

| ayer on the di sk-shaped 35 crystallize# gl ass plate obtained by the
preparation process -17 ~z ot L zaa3 according to the present

i nvention. The usual method can be used for forming the magnetic |ayer on
the crystallized glass plate. The present invention conprises a nagnetic

di sk having at |east a nagnetic |ayer as a recording |ayer on the substrate
5 obtained by the preparation process according to the present invention.
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1 ~f) ¢c C20@@8 substrate by a texturing treatnent such as etchi n%
treatment and irradiation of |aser lights instead of providing tAe GEC 2003
unevenness control layer. The protective |layer may be, for exanple) a Cr

| ayer, C 5 alloy |layer, carbon layer, zirconia layer) silica |layer or the
| i ke. These protective |layers can be successively forned by

ani nl i nesputteringapparat ust oget herw t ht heunder| yi ngl ayer, the nmagnetic

| ayer and the like. These protective |ayers nmay have either nonol ayer
structure orasailchinl layenfsticiuentle d&mnmﬂﬁﬂged danti€akaort ok £ frrent
‘layers. Anpt her pr ot ec%rve Iaéer ma% be provi ded ]gn or i.nstead of the
protective Ffl}ﬁ/se? BRPFAFRRA SA68YE T ESFMBRARDINE S OF sTYTL8A 0GRS | ayer
may beI Lormred(l:onhi%RTprﬁgaepttlh\éeTb?yertmrgﬂlagrbedlaabempebytapel¢yt nl}:;wlverd |

t et raal ko ilane diluted in an alc c sol vent ich collojda

Sl oa el bdih EEPEETATE PP EIRS "aRodr Seth: Shnd Sonk B AL EheS SppIS

| ayer. 5Thitshd gyrers drundtnivens ias , aapﬂothau:l vael aygstandpastﬂmlemewfarmass
control |aye ya i OUS klnds of ers hav n proposed S, t he 20
bt cat | sl 13 BLAGERRERARS 2l L RYSUS SR AR PP P fer . o
liquid | uhirasdatamgrealgamveldn lsmizéd isd z&ssol Wenbreemhtrasdégceﬂ‘ds ﬂlyrmqrxpr ng)
spin coati 9,1 SRra i.n 9r arg cr‘_ke 9{-‘8‘ SE‘}? ectl 1hg t the coatted Ia¥e¥, 50

heat treatnen as r qurreH 5°The pr éparati o process accor |ng ’the
present invwentredarpboyvitddsmalgropshabhiezed ghaweaapahle off theoamtiang a
nmagnet,i,c ubstr p%rrp fo S

pol i shed g:!ufﬂ‘&al? 2 ﬁé ce%%%gl}ghnté:rsagt %?Pg éog&%g n'%?ih?t lgglr ansge of
fromo0.1 tiram B:Trﬁnvnérr@qlm;ghrfesslartn tthtve srfearigee ceddisde 3@ sof whaiadhi Zisng

| ower head, f &%Hl% JW therd gqlr 8m s,_lh@cenlerbgrrmrbeltl G sk conposed of the
crystalli ze gl ass prepared by the preparation process according to the
present inventi d® Hespeeess éF\FOSGFfiad@ shoprapess invewdd onl b nvp tefl st he
magneti c ag, o ahl e o] n a a he In 35
a1 on, & e e it e 0Pl DALY IR OBy 620 PEaEEOREL b3 CR

~~DFC, lﬁmsqgllaa“§§ prlépat%d;oriydt Helprtepan cpoﬂlprecesstaicwm ngtigetlhe

present i nuemtiu@n dias nicaher, Yauaq'te mRduls andehi gRgbnpetabkye el astic
npdulus) t hi nner, magnet| c ‘di'sk .and hi gher revol ution of the magnetic disk

can be acE@fStstiedans FESCROPLAST O TRbL PR B D I hAEAPIGH i § 7Y HEA LS Hoai nod

in detail phycopteinkadd e cflq}dthm1n.igzﬁ@mlsesrrsbatfdmherﬁs@@trwaemﬂ on is
ass conposi tions of to 25 are

not limted _to these exa 4

shown in TA5CEF21G 02 1 ;p LpaRg /%‘t%rb% 93%}’&&‘)“3‘1%‘12 %tﬁé“’r}dtded

t hat, zalt h@ugh1bhec§mlm®3ﬂ1tdle0m5gldeﬁcxrdlhﬁﬂd Rodabkeseved Q f4t ¢ & ra@MRQASI ti ons
of the raw terl al s) the rﬁsult of anal ytical conparison between the raw
material €8AYdSiEiIS0AE taf the crystallized gl ass conpositions of Exanples 1
to 15 showed t h&het bEadtiﬁgrgmuea afor t& tdien pAtilo coapdss t ifans e\NaSIp\A/iet,hi n 0.1

mol % Thug) th t in Ss, conposi tions n les 2 re
Subet ant | BPOTAEaE Bk Ba e ReTLITETS | 18R oA b otk g 1ekst

Ast hest ar pnegrefl ecitals 6f ohes apt caasesfmsrmtsmﬁ i @lkalii@a - eAT208 meABIOH) 3,
MO, 200, (N ©) Y, i Q2 (N0O3) 2,
Sha03 St (Ehe r RE heds WA TRELCEord bOh % Spertr sRESTREARR ug ' e gl ven
conposi ti end adwnZhnaTadbl &k lzaae;rl ldasgsisthe sb]eam-‘eobcuhailramg dfia:hese
gl asses ¢ a 0 f % . al u i The
mat eri al SQtﬂhuian\\;\E?Z; e V\%qegﬁfln%h{su fllwc}?en &Y t%ﬂ]%\g\}l dgf 2'5;@1‘%}8‘%% ed
bat ches, amdheach S)rﬁch Mard—Aa 0 pisddad d e & gplaatsi mmmt&gmrntml)ehamdamazed in
air for 6,00UpSqdbs 1520 conthid £r b1, Sld I &y ALLCHULAS L AgehR the
crucible) the glass nelt was cast into anol d, cool to"thé gl ass
transB®i oRTEeAPEFEMELY) eﬁﬁﬁedpabel 9ht1ﬁan§ﬁeprfédeﬂnﬁ(§ amocandeghiendgf.ur nace,
anneal ed kRe3Qrbbe, OtRSSetyRANSIAd QL d %meraa&wefcrxarb%pacyat%qlutofltmur and
left to cool to roomtenperature in the furnace. The resulting glasses did
not contaFhYaépésiced €F3st dlag IR &t cane ber vbsel vdd Unt Ut arivérdsedpe. The
gl asses tlﬂ&'ér@%%@@%é’ﬁﬁt@%‘n@e& anwwéf«'%%gtflaac r% §%ﬂh§§ @@ge%sks of
th100 x 1 nmmand then further polished. - C rpp3 Th)e obt ai ned

gl asses weR¥eprkaesd iks étfatfrtr%a@egflérssﬁéaﬁoﬂrtéaﬂﬁéﬁtTlﬁerat"é?cﬁriﬁp e Aeheat
treat Q@ntekeﬁmﬂmaeglass@%\@héwppé@%n%ga%rfea haseaSepar ahirgp at a
heating rate and kept at e tenperature for about 4 hours,
t hereby being 5 subjected to the heat t®eatnent for phase separation
(pretreatnent). Immediately after this heat treatnent) the gl asses were
heated up to the heat treatnent tenperature (second treatnent), shown in
Tables 2 to 4, for crystallization at a heating rate of 5 "/mn, kept at
the tenperature for about 4 10 hours) and then cool ed down to room
terrperature |n t he fur nace, thereby crystal I | zed gI asses were prepared The

ey T 1 S " I



Tabl e. 2 Conpositions 12 0

(ol 9% 12345Si Oz48. 0047. 0047. 0046. 004T. 00A1a0311. 0010. 5010. S010. 501‘2.%(;\/92(9%
. 0030. 0028. 5031. 0028. 50Zn0Ca0Sr 0BaONi 0YZO~1. 000. 500. 502. 00Zr Gz0. 002. 002. 002
. 00Ti Oz10. 0010. 0010. 0010. 0010. 00A1203 / My00. 370. 350. 370. 340. 44Si 02 /

My01. 61. 571. 651. 481. 65S+A+MB987. 58687. 588Transiti on tenperature Tg

(C) 732735729732729Crystal nucl eating heat treatnent tenperature

(C) Tg+28Tg+35Tg+31Tg+3gTg+31Crystal nucleating heat treatnment tine
(h)44444Hemd | NG, 4706 682 X G/oll) 36@3003008HOSDOBrey stsaldlsizzatiieonolreah et g ad srent

tenmperature (C)10001000100010001Q900Crystallization at_.t.reat nen
ti me' (h) 49191&51%—%%%??195%0;@9% '(b]ﬁgs?fﬁdé4og§16§’40§4g?rJ;%t“l?rle%d- g‘@@?i 5)% to
ki ndd assG assdd vssdmassGogss rpospangcx ab mavel engd it af £6005 mols,

TS0 SAPTEERS Ly ILEYAN, (TS TR 149403 d5p 00
rati00.523141 R8Di X296k 230 n22aRel ati, ver moduBas, ofn elndsNigity to 10 mol%.
N e L
(conti nued)n Gonpodidntom®t damaging the desired characteristics of the

(ol % 6789 ' . 0045, 5. . 0045.,00A1a20310. 501Q. 5010, 5010. 5010. 50My03
0. 0030. oos%‘gg%%ﬁg’o‘%of%&%%z. 88@089%38@ 5‘32966%?62?86?2‘&?6‘? .500. 50
0. 500. 50Zrii22.,082: ©®O X002 G2, DOKe DA 03 00 @.1GR120.0@0 @ rG010e 0O AP0 ¢s

My00. 350. 3 .355.02 / .
MyO1. 05 by Bk Ra s n0, Bags oz the Like), o Iy ehber&ih o My
(. ©) 7157 35 77 197:B3650GMSs teal 2 ru ol cadtd gt et Qor é&t bt atfemeaeattdpged

(O Tg+35Tg#25Tg+33Tg+31Tg+ I I ing heat.treat [

(h) Y IPO: 1 % 2I’§ét %*032( gﬁ% g%%%%%d’d’%g’sggi’:rt?gflﬁl Floy, f8 TRRA  Ban

t enper at urex id® EOGOPOVELR0B0k0d01600ChyBEARL| ¢l flonteatbe radd indmn i ne

() 44444 Heafi i d @ o 1 O D:LEAORS0QIAOTOOEE ARLUS ek S8k ning 110,

ki nd@ assd assd assd assd assTransparency at wavel ength of 600

Nb 692 %6 (%% 20HE0 AR e gt ipmepd 149 O-ROcHB 8522352939348 s24%dghg' s

nmodul us ( CRatkd% PAAS, St p1 B AL AE2EQISSQ® Sanbeadditionally contained.
ratio0.2240. 230. 2250. 2180. 235Rel ati ve nodul us of elasticity, _

( MNNnT kg) 45‘.399{@‘.36:&?.1"295.CS’BJG.S(?Exbﬁﬂs"iro’f‘l"E%é‘flfnidtﬁ %Fltth(elﬁ‘-”?%:?g?‘fﬁ?éé‘@ﬂfl\/ban
particle ezt 1( HRiIFLGIC GA K2IQAn@04ArER0ZRt20 FHAUMs= cSin0h et vAL03 + MO *
Heating rate at which a tenperature rises to a tenperature of heat

t r eat nent W&F%Ffé‘ttﬁw-nuu eating 5 ~* Heating rate at which a tenperature
risesz2broma tempar atkkim® 125 thel ptebar&ticd Ofrokeats breatweptrefs@mntcryst al
Eu;l Eat Ln ntvoﬁd%é’to%gggé%grfppofi &d ytsbt %lhleI 5?telpgga ggnCé%/SaF aclryrle. %lﬁaitzle% - =26
Conposi ti @lskblak3X413be%57( mol % Si 0246. 0096. 0096. 0046. 0046. 0046. 0046. ODAl zO
; 10. S010. 0. : .5010..5010. 50M3030Q. 5030. 0030. 0031. 0030. 0031. 0031. 00K
200. 50. 55101, G416 1006 541280 CoBbLisds

0. 500. 500. 500. 56@0500. 597+ Gz2.HOP% 002. 002. 002. 002. 002. 00Ti Oz10. 0010. 009. 009
.0010,,0010. 0010 QO@lZ.O}O/_ N

My00. 320. 350. 35813%0.340. 340, $83EA+MB786. 586. 587. 586. 5B7. 587. 5Transi ti on726
728726725727732082t enpér at dbemol% :

Tg(C) Cryst al Tg+;§Q'5(P:,+30§'913%T%?§101Tg+30Tng- 32nucl eati ng

heattreat nenttenperature ( yst al 4444444nucl eating heattreatnent tine

(h) Heat i ng Y,0; ¢+ 0 — 10 mol%

rat e*300300300390300300300f ¢f ), Crystal | i zati on10001000100010001000100

0l 0Q0heat treatmenftenperature (C) Crystallizati on4444444heat treatnenttime
(h) Hed®i ng R,0 : 0 — 5 mol% (provided that R is at least one selected

rat e**240@49%4@%0349%0%%@5lglggagguggd- §6Ct LRAGkassA assd assd assd assG
| ass@ asski ndTranspar ency at 82% 096 7%80980%80% 8%avel engt h of

600nnSpeci fi c gRavi tly3. 1 2iz3.%1728301788431248t 1’53 515831 dS86¢ g/ronBrYeuyrigds

modul us149r8$5%h§1§%o$%420$%§tZﬂg%@lég- 1eGPa) Pai ggon’ s

rati 00.2320. 2340. 2340. 2310. 2320. 2310. 232Rel af i ve

modul us47. 747. 9A7.:@ATF. BA70048.64S.2afcl%, and

el ast ki ty( MNm ggbpgpaﬂsioonﬁl.j%g&, 144, 7794378,144.,572.,3¢0efficient (10

"/ C)Mean particle si ze20-3030- 5030- 5020- 3020- 3020- 3020- 30(nm S+A+M = Si Oz
+ A1203 + MO _27_ 12G-~ i, 2.03 *~Heating rate at which a tenperature
rises to a tenperature of heat treatnent for crystal nucleating ** Heating
rate at which a tenperature rises froma tenperature of heat treatnent for
crystal nucleating to a tenperature of 5 crystallization for crystal

nucl eating. -28 ~2"'":) ~~?2.Q-3 Table. 4 Conpositions



(ol 99 18192021Si Oz58. 0055. 0047. 0048. 00Al zOz11. 0010. 5020. 0015. 00My020. 0024. 0
022. 5025. 50Kz0Sr 0YzOz0. 500. 500. 50Zr Oz1. 001. 00Ti OzI 0. 0010. 0010. 0010 ANDHROP
100. 00100. 00100. 00A1z03 / My00. 550. 440. S90. 59Si Oz

/ My02. 92. 292. 091. 88S+A+MB9B9. 589. 588. 5S+A+M+T9999. 599. 59B. 5Transi ti on
tenperature Tg (C) 740735745740Crystal nucl eati ng heat treatnent tenperature
(C) Tg+30Tg+25Tg+25Tg+30Crystal nucl eating heat treatnent tinme

(h) 2222Heat i ngr at e* (C/ h) 300300300300Crystal i zati on heat treatnent

t enper at uren¢ QMOEOLOCEPEA0LEFOCrYspht b e zht i cors theditt & redt/wenitsisel id
(h)4444- Hegtgidpgi satex* (C h)300300300300Fractured

secti ond ass@ assd ass@ assTransparency at wavel ength of 600

nnv72% 69385085 %sneet §1 ki gedivitas € gé¢ em)d B1 9€8. 143. 053. 0SYoung' s nodul us

.(GPa) 1451491391 R i s_sg}' S rsati og. 2%10. % 0. 2310. 232Rel ati ve nodul us of
elasticity (MmKg)46. 547 248 EX6"tRE™ crystal

ki ndEnst at i t eEntat i £ elEnst &b tenstwetida her

crystal Tit anat e'I;{lt gnat e}" tgnggeTi anat eEﬁ<€ansi on coefficient (10-'/ C) 6872

| 6265Mean parti ¢cl'é <i ze %nrr) “30%9- 5059 7030- 50Ra (JI'S B0601) (nm 0.3 ~0. 3
~0.50.4 -29 1TiD,D:E1Q 2003 ¥able#efgdnti nued) Conpositions

(ol 9% 22232425Si 8. %04_6.80(;%25 03,3%@81 12038. 0010. 5010. 5011. 00My036. 5028. 00
27.0035. 00KZO4. 00T, 00Sr 03. 50Y2035. . 500. 501. 00Zr Oz3. 002. 002. 001. O0Ti 029. 5
09. d09. 5013. 001F-00100. 60%206. bP166i60A1203 / M00.220. 380.390.31SiCz .

[ MyOL. R41. 641. 7Q1. 41SA+MB284, 583 .. % +A+MrT92939398Tr ansi ti on tenperature
Tg ( C)f7a30715735$’311f%)'ygt a:\@ngc gagfggﬁgeat treatnent tenperature

(©) Tg+50Tg+35TgB28Tg+20Cr y:talbnued et ng heat treatnent tine

(h) 2222Heat i ngr gt 6*(9/61)-3@390%00@«999(%%/5@113 i zation heat treatnent
tenperature (C 130010001000100 Crystallization heat treatment tine

(h) 4444Heat i ng $52eRY *: (T/+)B003D0300B00Fr act ur ed

secti ond assGmssdassdass Hansa@notat wavel ength of 600
nMB0% 5% 2%62%Speci fic gravity (g/cc)3.413.0123. 1243. 39Young' s nodul us

( Gpa) 19113BFASTIPAG ISP S 14t G OPPEG.S2$30. 2210. 242Rel ati ve nod~~ns of
elasticity (MImsk@),56. 045-846. 58y 7HRigner yst al '

ki ndEnstatiteEnstatiteEnstatiteEnstatiteCQ her

crystal Ti t anat et¥Carati@Tit 4latePi't #8398Expansi on coef fi ci ent

(10'/C) 82727481 Ira0,; partd<d exisdz el ( ) A0-s8bhp-wdilfr3030- 60Ra (JI'S B0601)
(nm 0. 40. 20. 20.42} -30 0~ 2 %% 20C3 Enstatite: Enstatite and its solid

sol ution S+A+M £2& Gz % AL 33 W M % Heating rate at which a tenperature
rises200 a tenper@ ur & of 4heatbyt rdighant for crystal nucleating 5 **
Heating rate at c%i Qhoast gn’ge%a ureer.i ggs froma tenperature of heat
treatnent for crystal nudcleatin Y 49 nperature of crystallization for
crystal nucl eat Bag. :[ Methédsf by pedduci ng hard di sk] 10 As shown

i nFI G 6, amagnet i,cdi skl oft h i nvention conprises a glass substrate 2
nade of the cryg?gﬂizgd g?eg%{sggf‘r% 1%/1?12 above Exanple 1, on which
unevenness cont FoP:| ay2r5 37 findery yweightayer 4, magnetic | ayer 5)
protegtive | aye and 4 ubr,i gat| | r 7 are provided in this order. IS
Each I%gyer wil | 5Bgoz‘ex'plolai neldgéi rll)ygg’tee{'i%%& The substrate 2 was a di sk having
an outer circul &e2Qer:i pher y fadivuyedgh32. 5 nm inner circul ar periphery
radius of 10.0 maﬁdmtgigkggs§e%hg.43 mm whose both main surfaces were
subj ected to precision polishing So that they should have surface roughness
Ra [JI'S 20 B060930nf: 40 angsty dns waidIiRmax of 40 angstroms. The unevenness
control layer igog,thig AlN{ aper,ofqmr 35% ni trogen content having average
roughness of 50 angstrons and surface roughness Rmax of 150 angstrons. The
under B§ing | ayefePs:althi h Faherveigicky zodposed of 25 Cr: 83 at%and V: 17
at % having a thigkqess ot abqut,,6QQA;,The magnetic layer is a thin layer of
CoPt Cr conposed of Co: 76 at% Et: 6.6 at% Cr: 17.4 at% having a_thickness
of about 3BBAZIPHET YT bl LEAITGE T A§af tiodeaseh? bbud £RPR ¢ uaEre W AgLAd30

thi cknesssefuabeut sk cangsyEers, sthad ubrihcabhng LAY &pirse1@cka¥erihaving a
thi ckness of 8 angstrons, which was formed by applying perfluoropolyether
on the cafbdhe ptbtectPobatayerspyidpralebhen ngSmsthad.z TR dndthvax £ or

produed ngssagmetbcuedisks wll be expl ai ned
-8-



35 hereinafter. -31 ~ Z e~c a_o0~3 The crystallized glass of Exail ért
cut into a disk having an outer circular periphery radius of 32.5 mm i nner
circular periphery radius of 10.0 mm and thickness of 0.5 mmand the both
mai n surfaces were subjected to precision polishing 5 so that they should
have surface roughness Ra (JIS B0601) of 4 angstronms and Rmax of 40
angstrons to afford a gl ass substrate for magnetic recordi ng nmedi um
Subsequently, the above gl ass substrate was set on a substrate hol der and
transf errethd mm'satadﬁémgidngl@wmmiﬂdﬁ inline sputtering apparat us.

Then, the hol der n V\:hl trgg gv\%St‘?Lliiﬁid gl ass substrate was set was
transferred to &> |rst cha r Lré®an target was etched and sputtering
was performnmed atiga presnsu-ret)of% &ymwerlrghatnd substrate tenperature of 350 C
in an atnospher Ar it As a result, an AIN thin 15

| ayer having su?flacé rougshness “ﬁ _of2°159’0 bayngset hrertls and

t hi cknéssof 50angsts onsl Unevenrtesis fior menigiaty er ) waspr ovi ded on t he
crystallized gl ass suhstrat The hol,der on which the crystallized gl ass
subs trate havi %@gi heb]f orzrar‘legs ,&fN“‘eal eh& was set was then transferred into a
second 20 chanbéri.proveded-Wth }ayavé/mhitget (Cr: 83 at% V: 17 at% and a
third chanber Pl i de a arget (Co: 76 at% Pt: 6.6 at%g Cr:
17.4 at % SUCCGSEI\SVH 9,Vé/land"‘t?‘ilcﬁﬁlt %é%s were formed on the substrate.
Sputtering was pebtorneds at @ presswebsbt 2 ntorr and substrate tenperature
of 35Q,in an Ar nospher e) | esult that a CV underlying | ayer
havi ngoa t hi cknggtg ?of gb%ut g%%%ggg%?ghng and a CoPtCr magnetic |ayer

havi ng a t hi cknés0of: dbduit -300 Sarfgdtwr oresi abdr e formed. The mul til ayer
substrate havi ngsthe fqrmed unqvenness gantrol layer, underlying layer and
magnetic | ayer was then 30 transférred to a fourth chanber provided with a
heater for heat SBPeat n®rt .5 Theb¥ digidhehanber had an inner atnosphere of Ar
gas (pressure: goptorrg and 4 hg, heatqif ¢ eat nent was perfornmed by changing
the tenperature for heat treatnent. qI'he above substrate was then
transflerred i nt 628 fifPth 35%chénBeiIpFovrBRd with a carbon target, and a
carbon protective, 032 0 = 2 & by weid®Q3 | ayer having a thickness of about
100 angstro was fornmed “under the same condition as used fqgr form ng of
the above? \F‘%ﬁfﬂéFP’)’?Fﬁésl%E/%Ftaﬁﬂa?hé’“zfo&éddﬁﬂt@t%ﬁﬁe?l @“ﬂ&?ér“zexcept
that the I&y@ﬁam sfoQﬁHEﬂoltﬂtﬂ@natemWﬁIt% Obtnétatibtld gasid k31at8@%h, 5
Finally, t@e sLeL teaftgriE rrkngt teecar QOH Qrgt gctl ve | ayer was taken out
fromthe aBove rafrne® spu PEP IR ng - apparatus, 3™ ubricati ng | ayer having
a thiekness of Biahgshe @rlﬂtavlasmk@aﬂedxbyeaq;pd&omgll;tarlfllnwore@palhymbheﬁ on the

car bon pr (RY; the. di p a d a.pgagnetic
di sk. !ﬁ{%?ﬁfgor%b%ﬁg‘g dé)agcrkﬁ%pflggﬁ % pr e[% err edé gbﬁbe%ymemlggo ﬂﬁfelga

i nvent i onuhag dreed egRSSAMIetd § DY dpurrlpms@se ofl aisls| prspatd orprandldéssrinpt i on,
and is nokrbﬁlt&“ﬁ' &’tIzPuéP d 1M HeltQdd @1 stsQ% 13venkk 9y Fn?xIaBe

preC| se formdi sc osed. The description was se€lected to best explain the
princi pl e¥ish tthfegilﬁﬁéntﬂ%ﬁsisgafmtltm%? 12 Sp &Gtairdalngaﬁ)bﬁﬁéa(’ﬁlbhnbéabéhabl e

ot her g5 skihbegh 4% Jdie r3bh B 01 PESL Wdl b ER dlie ghBYENT 1 PP N YREEPUS &
enbodi nents and various nodifications as are Suited to the particular use

cont enpl atBAL the ¢antepepddd a nhtal herededpex bie pRé ql}ﬁ/éh{‘ﬁéhnﬁo?a%hl imted
by the Spﬁ@th‘é@e&kﬂ@ris Pedp Ot Pel190d16lAISr ﬁ%hZQ fﬁoﬁ%l@@b@%pb%ﬁ’t 12
0 c G2003 Cainms 1. A process for preparation of a crystallized gl ass

cont ai ni n@fe?%’é%&ﬂ%g ithe pdoyey s8R rSR4Se ahll LR P Ao DodResr Miettonin

recor di ngt Hb Sk$s e GHRLNT2RAGiAgShERa0E RERSE SEPA AtdH¥ @ht@ ntt 3kt LRE gl ass
5 cont ai ni nngl Oz and a_ step of crystallization of the resultin

phase3epatht by MHtadsox hherisi AIEARA hRA¥e BRPAr T 16T Sst BB & Sigr FgEélé heat

treatnentn@tai hex sd@ardddis A ASdweat thd aRAI@tURd AU ud .F angetheoputhe gl ass
transition tenperature (Tg) of the glass to a tenperature 60C higher than

10 the gl%gsc?l?'éarfsri]tri%r?ltkear%ﬁé‘reat‘iﬁ Tptalo 0xAd¢n0C8s s PeoP EPREPARALT On of a

crystal |l i zed & asshcont ahai @gk@nﬁﬁ@te&Etasm@tmldkﬁeyatsabdaadau%@q §or
i nformation_recording disk ngr|5| ng a step of phase separation of a

starting ‘b?%\s§rcbﬁ§élsrﬁr%fge Jﬁh@)z Rl 40 &t 2pr bt “k?rtyaslt aKEfgats e 6P Phke

resul {4 ngt phasey sepanatad dlass.a fe whenai Rnkhespbase sepesahiy shep
conprises a heat treatnment of the starting glass at a tenperature in a
range fromthe glass transition terrperé?ﬂre (Tg) of the glass to a
tenperature 60C higher than the glass transition tenperature (Tg). 3. The
process for preparation according to Claiml or 20 Caim2, w herein the
heat treatment is carried out so as to control a nean particle size of the
crystal particles contained in the crystallized glass in a range of equal
to or Iess than 100nm 4 The process. for preparat| on accordl ng to any one

Y ~l o r v ~ oy o . o ——



35 treatnent of the starting glass at-a tenperature in a range from-35 ~
z o~c zo~3 the glass transition tenperature (Tg) of the glass to Jalitq /i3
perature 60C higher than the glass transition tenperature (Tg). 5 11. A
crystallized glass containing enstatite as a main crystal and used for
-information recording disks, prepared by a process conprising a step of
phase separation of a starting glass containing TiOz and a step of
crystallization of the resulting phase-separated glass, ::'.:~rein the
phase separikiadh mttayd cwhpei sp er Inddty + KeQiorfeht 1 éfo P me idt.aprehgraphss at a
10 temperapui &4t §o1an0¢uiigem bhecglagsytpansidionahq pyperatpipdTo) of
the glass to a tenperature t% &h gher t ah the glass transition tenperature
(Tg)~ 12. Thetbeystat| pfedogtassiagcohei abkeditkatartd vetd apnidd, w
herein the . t [$S CarLi.e SO ty ol .15-,a n;
particle s?gg@%#%ﬁg' (r:%re{)éstdaf 0|o'3r ttioc?elgbl%:%ht%?%%%P?%%h%qcrtg?stzainFl‘fge}js gl ass
in a rahgedefieebeé.to or less than 100nm 13. The crystallized gl ass
according to any, f Is . r el C j ass
ontai N Ti Co 1 e At ana T e hep iz Iy IR R VS Ak et sl
crystallizetags dostheesrdiend arardihéodftheCpaeasn td nvenkd onpgek ed ing he
crystal | g o apse | o aft Sl 203uM00.D3389 o0l 8387 e 15aoThe oyt add i zed
gl ass according to any one of ainms 10to 14, w herein the

startinggl &%st ot B ¢l PRI €y $ 52 hrPIR A0- Al zO, - Si 0 based gl ass or

anMy0- RO Al 203- § Qa{yhel €19y Riesdle Jt83%t neRe kirdd raehest ¢df £ REBp 85 QLD

consi sting ofal kaline-earth netals (Ba) Ca, andSr),Zn and_N ) based

ghass, andafebtRF R BheD o £ Mgy 20Dt BhbiSF 09 9 52 8 unf € ¥ S frok et M 80

Ml % 30 .Jdbesdhie LAvSt@ldh zeth Ol Bsse AELOE &l NGe t e 2PYi WE@. Of Clains 10 to
15, wherein said crystallized glass conprises Si02: 35-65 nol % Al ZO;; 5-25
mol % -36 1 ~ ("hei-sphischkpdtobbadedd] VAP TERent 25 beqweoatuge’d fol 95
ZrQz: 0-6 mm@a@‘&m%Vﬂlerlﬁigfh&ﬁfﬂ@éﬂ?g(g)r%%@@%ﬁé; ngot Li, Na
andK) RQ 0-5 np] % wher ei n sfroma: rougcoh& st ngof Ca} gr andBa) 10
Asz03+8bz 08" ¥t D1 9B 5 PEtE e b8t T ond i Ad- sBF edfedP At 4/dadf S6AI ¥ T

sel ect ed ScdxtatiAil?Pa ce M3l nrado @it oF2MDAYE B1s gy, t edlNiln Bo MWoplcdgsd ,al i S

enstatite and/or its solid saluytian. 17. The. crystallized gla ccordi ng
Co any onet ihta s HoTALAD 6 Ch, Tiee?he, Robbagh; approBang HaLy; S50 &

pl at e shapehdisiandhieng ha s showhapehatlBe cA lSudikt phs ee e airaftdomatplore e
recordi ng medium. conposed Q di sk-shaped .crystallized gl ass _pl.at

obt ai ned bsf%%rea plroonc%sgpft')r gpurc:hpgiri%ﬂegr?pgacrcaotrl I n%Pttongelaal%gagra S%‘,roerfii(itosed of
t he di%k- sivepletkorey straliiinded agldapsrpliaile adeesdprfigthe Crustr 17, iR®thsherein
a nmean part.li I s f_.Ggr.ysta kgl esy LS. r f e or |less.
t han 100nn(1yyi49t.ealsA1 lézﬁebds)tgrlgt% f o#olpﬁ%(i)??rét ;éttlfli%Sprﬂea{(}c'oerasdia?i)grz)gl qﬁgginﬁmqgggn%ggzed of a
di sk- shapexkrcdisparedednd arys of atcrobexitied elsy anmnprbegdgsisoratrix
preparati fpﬁzpr j ; i : C ; Ji sk-shapes;

ctystal li gd(;h s asalgJ p aétlglgggggiﬂdi%ﬁngooigjg?l%jl@{,c%%?lnﬁaé%r anspar enngcy at a
wavel engt Higth BOOnaAT p $Tedd&lr .t D SaE ek B e Hdmadoosy 9bal Rag RSl eaker fest

i nfor nBt i ofY duERk Qﬁegonﬁﬁbgmse%(&%(%%%ﬁtﬁcf’é ak-ashaneds ahystMldizad gl ass
pl ate obtained by the process 30 for preparation according to Claim9 or
com posed BV tife 4gPSRIShaPEdSBRAY LRI TSR -BPase PPRIEABRERHMTHECID 1@ ai m
17, whereigh2xRY poDNEE SMfrafRidiay REydtaunfiaed FoHIENEsSSt fon{d¢ FiBA601)
0.1 to 0.5 nmis included. 21 A process for preparation of a magnetic disk
com pri si i ¥¥F 3t Bagdsitc ke Sragnetic |ayer, as a recording |ayer, formed on a
di sk-shaped crysiedltl,i 2ed a@/i39S bRltaleR N0 REG ¥ 1t RE HWAGESS of3khe O Z i ;

e: ¢ ?~03 for preparation according to Claim9 or on the disk-shaped

cryst alf i 28 Siaddst 3Rda0d 2g8cdP i Mf ttF @Rt EemperafumgghBt e fhase

conpri si NG edfa da@a%tn & ERHIRALNIIC Hed¥Bha R 3S 12 TRGUAIG @y ifgy ned on the
substrate according to any one of Clainms from18 to 2C. -38 1 Z UFC ~p~3
PROCESS FCR SPREPARAT GN3OMICRYEINHIPZED : GEASSSFOR RNFORMATEEN RECORDI NG

DI SK ABSTRACT O, EHEg slal; 8L OBORR \Ds sbesed, 4 s 13 7R19cesgsb o cpeeparati on of
crystallized gl ass obtai ned by nmaking a fass, containing Ti OZ subjected to
a phase s&parad %‘P\m%?%bth?\’ala”bif?éﬂﬁﬁ F‘EgPFShngt“é)th r ’ft'r‘iflee“'stlbgr?ae@e

separ afsi 0% x3m@n Rgswheatubf eat a8NEo ofe dthe :Glaasendt fart eppernbure imaa range
froma tenperature of the glass transition tenperature Tg (Tg -. 30 C to a
tenperature 60 C higher than the gl ass t%ansition tenperature Tg (Tg + 60
C). There are also disclosed a crystallized glass for information recording
t ; 10 di sk conposed of the crystallized glass obtained by the preparation
process, where a nean particle size of the crystal particles is in a range
of equal to or less than 100 nm or where a transparency at a wavel ength of
600 nmis 40 ~ or higher; and an information recording di sk, conposed of
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10%r & () | %Of/g x&h())ur arpd/&tlim%n('BEM o%osle t%%%%at?g;‘re rcT:1>)'/nducted FIG.

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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5 treatment under the same conditions, the size of the crystal
particles of these glasses became approximately two times as
larger as that of the crystallized glass subjected to the phase
separation treatment under the conditions according to the
present invention.

10 Further, aninfluence of such aphase separation treatment

e on other characteristics 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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coefficient 5 .
{1077/°C)
5
Table 1 (continued)
Heating rate (°C /h) [300 300 300 300 300
Pretreatment 770 7890 790 800 820
temperature (°C)
Pretreatment time 4 4 4 4 4
(h)
Heating rate (°c/h) [ 300 300 300 300 300
Second treatment 1000 1000 1000 1000 {1000
temperature {°C)
Second treatment 4 4 4 4 4
time (h)
Young’s modulus 147.5 147.9 148.5 148.8 148.8
{GPa)
‘| Thermal expansion 72.8 72.33 73.9 72.4 73.1
coefficient
(1077/°¢)
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
~14
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be obtained.

In the crystallized glass obtained through the process
according to the present invention, a mean particle size of the
crystal particle is imn the range of equal to or less than 100

35 nm, but preferably, themeanparticlesizeof thecrystal particle
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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

ffﬁ 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 crystallized 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.
Theplate-shapedmoldedglaébasaistartingglasscanbeprepared
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 used for procggging 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
-17-
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invention is characterlzed 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 layer 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
~19-
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AllO%&&f(hﬂﬁgvgbh%¥3%8§¥y@40and 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
-20-
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Glass compositions of Examples 1 to 25 are shown in Tables
10 2to4 inmol% {(or % by weight). It is to be noted that, although
s 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
15 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,,
20 TiO,, Zr0,, KNO;, 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; of 0.03 mol%, although not shown in the Tables. The
materials thus weighed were mixed sufficiently to provide
25 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
30 the glass transition temperature range for about 1 hour and left
tocool toroomtemperatureinthefurnace. Theresultingglasses
did not contain deposited crystals which canr be observed by a‘
microscope.
The glasses thus obtained were molded into rectangular

35 samples and disks of @100 x 1 mm and then further polished,
21—
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and kept at the temperature for about 4 hours, thereby being

5 subjected to the heat treatment for phase separation
(pretreatment}. Immediately after this heat treatment, the
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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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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"1098& (J-TRKTI0KES () -7 11.00 | 10.50 | 10.50 | 10.50 12.50
Mg0Q 30.00 30.00 28.5¢0 31.00 28.50
Zno
Cao
Sro
BaO
Nio
Y,0; 1.00 0.50 0.50 2.00
Zr0, : 0.00 2.00 2.00 2.00
Ti0, 10.00 10.00 10.00 10.00 10.00
Al,05 / MgoO 0.37 0.35 0.37 0D.34 0.44
. Si0, / MgO 1.6 1.57 1.65 1.48 1.65
- 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
Lo Transparency at 75% 73% 78% T9% 76%
LA 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 30-40 2030 20-30 20-30 50-70¢
(nm)
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e fmpnuﬁﬂﬁhﬁ%uomg)iwwhngga 22%%&%2?@%@
10008 ek "f@%ﬁm"""bJ 4509 49,00 f%.%% T%s )
203 VT 10.50 10.50 | 10.50 10.50 10.50
MgOo 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 0.50 0.50 0.50
Zro, "~ 2.00 2.00 2.00 2.00 2.00
710, 10.00 10.00 | 10.00 10.00 10.00
A1,0, / MgoO 0.35 0.35 0.35 0.35 0.35
Si0, / 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 7158 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) 300 300 300 300 300
Crystallizationheat 1000 1000 1600 1000 1000
treatment
temperature (°C)
Crystallizationheat 4 4 4 4 4
treatment time (h) T
Heating rate** (°C/h) 180 500 500 500 500
Fractured-section Glass Glass Glass Glass Glass
kind
o Transparency at 56% 52% 60% 42% 20%
s 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—-60 30-60 40-100 3050
{nm)

S+A+M = 8i0, + Al,0; + MgO

* Heating rate at which a temperature rises toc a temperature
of heat treatment for crystal nucleating
5 #% Heatlng rate at which a temperature rises from a temperature
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R TR S R R R T

Al,0, 10.50(10.50 |10.50|10.50|10.50|1¢.50(10.50
Mg0O 30.50030.00(30.00|31.00(30.001}31.00(32.00
K,0 0.5 0.5
5r0 1.00 1.50 1.00 04.50
Y,0, 0.50 0.50 0.50 0.50 0.50 0.50
Z2r0, 2.00 2.00 2.00 2.00 2.00 2.00 2.00
TiO, 10.00[710.00} 9.00 9.00 110.00}10.00{10.00
Al,05 / MgoO 0.34 0.35 0.35 0.34 0.34 0.34 0.34
S+A+M 87 86.5 86.5 87.5 86.5 87.5 | 87.5
Transition 726 728 726 725 727 732 732
temperature Tg
{°C)
Crystal Tg+30 | Tg+30 | Tg+30 |Tg+30 }Tg+30 Tg Tg—32

nucleating heat
treatment
temperature (°C}

Crystal 4 4 4 4 4 4 4
nucleating heat
treatment time (h)

Heating rate* 300 300 300 jgo 300 300 300
(°c/h)

Crystallization 1000 1000 1000 1000 1000 1000 1000
heat treatment
temperature {°C}

Crystallization 4 4 4 4 4 4 4
heat treatment
time (h)

Heating rate** 240 2490 240 240 240 240 240
(°c/h)

Fractured-section |Glass [Glass |Glass |Glass [Glass [Glass [Glass
kind

. Transparency at 82% T70% 67% 80% 80% 80% 78%
wavelength of 600

nm

Specific gravity |3.1273.172{3.175(3.124| 3.15 [3.158[3.15%6
(g/cn®)

Young’s modulus 149.21151.8|152.1{147.11148.2|153.0|152.1
(GPa)

Poigson’s ratio 0.2320.23410.234|0.231;0.232]0.231]0.232

Relative modulus 47.7 47.9 47.9 47.1 47.0 48 .5 48 .2
of elasticity
{MNm/kg)

Expansion 77.9 75.1 T4.7 7%.2 78.1 74 .5 72.3
coefficient
(10 "/°c)

Mean particle size {2030 |30-50 {30-50 [20-30{20-30]20-30{20-30

(nm)

S+A+M = Si0, + Al,0, + MgO
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"1099&' ()-/K "10%& ()-/-39?EKQ ?K "1K "10%& ()-/K "10%& ()-/K

"1098& ()-/K "1098& ()-/K "109& ()-/K "109& ()-/ QRchnr whH(K "10%8& ()-/K
"1098& ()-/K "1098& ()-/K "109& ()-/K "109& ()-/;cD <<<"w cG+K

" 1090 () -7 Keak0y8aRT@)e/ peDvhek” K t40DO@A E)T ¢ KL 090D (3 -YQDLOMBAE () - / t XK
"1098@& () -d K n I8 o LBHE (Do K £ f&%d&déﬁ £ 148 () -/ K " 1098& () -/K
"10989& ()-/K " 10%/&() ITP4K K™ 17K "109%& ()-/ &K "10%&' () -/ &K
"1099& () -4+&Ked 1098/& at)e- AL oihiadxa” pP@KeTi@W& (i)sgKfrom a temperature

of heat treatment for crystal nucleating to a temperature of

5 crystallization for crystal nucleating.
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"10080& ()-/;cD <<<"K "109& ()-/K "10%& ()-/K " 10%& (
"1098& ()-/K "1090& ()-/K "109%& ()-/K "109%@& ()-/K "10%& () -/

()-/_7K

K7 0Ee

"10080& ()-/pT8K "10084& ()-/K "10084& ()-/ %< "10%& ()-/K "10%4& ()-/K

"10%9&

()-/;cDh <<<"

"1008& ()-/K "1098& ()-/tXK "1094& ()-/K "10%4& ()-/K "10%& ()-/K
"1000& ()-/K "109& ()-/K "109& ()-/K "100& ()-/!"'-dD$K "1098& ()-/K

"10080& ()-/K "10%& ()-/K "10%& ()-/K "10%& ()-/;cD <<<"-
"1098& ()-/K "1098& ()-/;cD <<<"K "1099@& ()-/K "1099& ()-/K

39?@FcG+K

" 1098& ( yrabAGH KLt XK " 1098& ()-/ K " 10984 " 1099& ()-/K " 10%& ()-/K

20603

PP4K "10%& ()-/K "10%& ()-/;cD <<<"K "10%& ()-/K

"10%M&f(j‘#ﬂ$4L$g%§g§§%}#ﬂ€4Lie%ﬁﬁrfj%+t——iﬁ%g@rfﬁg;ﬁﬂWﬁﬂrﬂﬁnﬁ_
"10%&&1(%10%1g4h0 ()-& 0] 9 EO%M&'( -KTT10%& ()-7;cD  <<" qef[NA4K
" 10" %6 1q* 96 10" Y85 100 L0V 96& (=5 § P B 46& 9503 ONI09%65% OO 7@ 435 00
P! 109 %[& ()~ @ g 7437678 & ()~ SPNRRKTIONB R 7109798 Oy OR 15.00
MgoO 20.00 24 .00 22.50 25.590
K,0
Sro
¥Y,0; 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 89 89.5 89.5 8§8.5
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
w Transparency at 72% 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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#10%9%& ()-.0R #10%%& ()-.0R #10%% ()-.0 9F10%%& () - V%iO%r%&ﬁ() .
YyYONA4K "10R #10%%& ()-.OR #10%9%& ()-.OR #10%%& ()-.0)? , T#R DEb 2003
#10%9%& ()-.0R #10%9%& ()-.0yYINAAK "10R #10%%& () - OR #10%r%&f()
#10%9%& ()-.0)? , T#R #10% % ()-.O0R #10%%& ()-.0 Y9NA4K "10R
#10%9%& ()-.0R #10%%& ()-.O0R #10%7%&f() .0)? T#R #10%-9%&' () -
#10%-9%&' ()-.0 & -123y] ANAMK "10R #10@&%&T()-.0R #10%-9&' () - .
#10%%& ()-.0)? , THR #10%% ()-.OR #10%%&' ()-.03456: ; <=~bF*R
#10%9%& ()-.0R #10%%& ()-.0R #10%%& ()-.O0R #10%%& () - 0)9 T#R
#10%-9&' ('l)a-bIOER HAXWtUAR uEH . 0=>?DEJO-">*R #10%~%&R #10%~%&' ()-
#10%- % [() - AR oA %0i %% s( ) - - [OR #3Q9%-9& ()~ Gi? ,|
#10%-9%&' |() - .OOﬁQéi%ay]A*R #10%-%&R #10%%&' () - R #10%r%&'()-.0R
#10%-9&' -.0R #ﬁQW Y& () - 0)’33}$¢(#1UW&&&QQG- Ual gi 4 Xgoy YOR #ﬁﬂ%ﬁ
#10%-%& () - . OR #19@@9@7()--0R 1AW Y& |() -1 0 #10% Y& d )50 0) 7 , TH#R 00
#10%-9%& () -. O~y YRR #10YR #A10%8& () - .|OR # WY& () -2 PR F1I0%-7& 1 Joo OR
#10%-%&' -.0)? gIHR #10%%& () -. 0yY9¥ R 41 .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, 9.5¢ 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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#109R #10%%& ()-.OR #10%9%& ()-.OR #10% % ()-.OR #10%9%& ()-.0).?,, T#R
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#10%-%& () - . 0=AEFYhyyY9* R #10%R #10%%& ()-. OR #10%%&' () -

#10%-9& ( JER Ok i tRUR BAEO%0iE & Jan R bl %Lk (9ol udyilggr R #10%?

#10% %8 (g AQ)M . TS#F@, #1095 % () wQR #10%9%& ()-.OR #10%%& () -

#10%-%& ()0 P R F100R #109%-0& ()~ . OR #10%-9& () - . OR #10%-9& ()-

#10%-9&' ()= H@Rt#h@%E%&'e( pt. ORI #110%~@/&’n]§9ra DuZe * R HLOUWR #1 OYH0UR 1a) L1 1BR

#10%-9&' () OC‘V %n@nt JCQ p~%£él() CQI% #E]lql %' ()-.0)? , T#$zZ: *R
#109R #10%-0/&' {{1 SR ST (’# e Unu R0
#* Heating rate at which a temperature rises from a temperature

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 (JI8 B0601)

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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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 gass‘ a temperature
in range from the glass transition
temp'e'r'ature (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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Y203: 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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0%% ()te[mperature 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 moil%.

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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19. A substrate for information recording medium, composed
of a disk-shaped crystallized glass plate obtained by the process
for preparation according to Claim 9 or composed of the

26  disk-shaped crystallized glass plate according to Claim 17,
wherein a transparency at a wavelength of 600nm is equal to
or more than 40%.

20. A substrate for information recording medium, composed

of a disk-shaped crystallized glass plate obtained by the process

30 for preparation according to Claim 9 or composed of the

disk-shaped crystallized glass plate according to Claim 17,

wherein a polished surface having a surface roughness Ra (JIS
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 on a

disk-shaped crystallized glass plate obtained by the process
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