1 Title of the Invention A gl ass-ceram c substrate for a Nhgnetlc #0785 )
| nformation Storage Medi um Background of the Invention Thi s |nvent|on9g {
relates to a glass-ceram c substrate for a nagnetic information storage
medi um such as a mag- netic+disk and, nore particularly, to &

gl ass-ceram c substrate for a nagnetic ijnformati on storage nedi um having

a super-flat substrate surface which is suitable for a near-contact

recordi ng systggiﬁi a Eogﬁae¥ recgrd- i ng system and having al so excel | ent
surface charact ng zone of the substrate for
preventing sticking,o i sk.in the CSS
(contact start and s% §$£2%$Flnbc S?€%£9a$% veng g% l’(f’(élates also to a

magneti c 'nfor”at'OnIff@f@9?1@Fd§P@Qa§9rE?91FX subjectlng the gl ass-ceramc

substrate to a filmformng process n the present specification
the term "nmagn n medi umt' denotes a disk-1ike
magnetic information storege nedi um such as a hard disk used in a

personal conputer iTielsidingeatioxedetpeshand diskas - cdeimval shyperbhasd
di sk and a card type hard disk and a disk-1like magnetic information

st orage nedi um fdir chh sagnebécusedoirnaaidngisttalr agied@e ddamersaov ©s di ghd al
caner a. There is an increasing tendency to utilizing a per- sonal
conputer for maetptedisdi eplr ppseearndcd usi aiglar ldi gital avigdes scareran aod a
digital canera with resulting handling of a | arge anount of noving inage
and voice in- substrate for a wagnetic information storage medium
having a super-flat substrate surface which is suitable
for a near-contact recording system or a contact record-
ing system and having also excellent surface characteris-
tics in a landing zone of the substrate for preventing
sticking of a magnetic head to a magnetic disk in the CSS
(contact start and stop) recording system. The ianvention
relates also to a magnetic information storage medium
formed by subjecting the glass-ceramic substrate to a
film forming process.
In the present specification, the term "magnetic in-
formation storage medium” denotes a disk-like magnetic
information storegé medium such as a hard disk used in a
personal computer including a fixed type hard disk, a
removal type hard disk and a card type hard disk and a
disk-like magnetic information storage medium which can
be used in a digital video camera or a digital camera.
There is an increasing tendency to utilizing & per-
sonal computer for multiple media purpose and using a

digital video camera and a digital camera with resulting

handling of a large amount of moving image and voice in-



2 formation and this tendency necessitates an information storage nmedi um
of" a larger recording capacity. For this purpose, the bit nunber and
track density of a magnetic information storage medi um nust be increased
and the size of a bit <cell nust b& reduced for increasing a lon-

gi tudi nal recording density. As for a pmagnetic head, it nust be
operated in closer proximty to the surface of the magnetic information
storage nedium in conformty wth the reduction of the bit cell size. In
a case where afomgneiér heddthss opendatadyancar sextvehes yahownfflopmgt ion
height (i.e., in a near-contact state) or in a contact state against a
magnetic i nforirk@iadke stof bye pbdrRudpreeierécard ipgoviaded i tyas aFfaechini gue
for start and stop of a magnetic informatjon storage device, (1) the

| andi ng zone sRA&%RGE &ccbhfi B tt & ubtiedh 2] ahtR Ay d6R&11E Sriod dergns bic

erfornming the CS contact start and, sto operatjon therein in a .
Barti cul a? port%’bﬁoéﬁa 1%g§1€?7%g? n‘?%‘?"rfh‘f? ‘hspslf%r’larb‘ér%‘?‘j‘f rﬁl‘%’&lbyﬂ‘?af bZe

(mainly an unrqurgeqhgprgkﬁ mk$gﬁ§nkhpng%g§?%hphpggli?éy%éghégsgpaﬁﬂQEic

information storage nediu iS su to a process
preventing sti ok gy fa 2 FROBEH] £ NBafls (19X UALNG o PLOGERSING). ek 2), | he
ranp | oadi ng s em according to rch a magnetic head 1's in a s and-by
state In a posig, st QR %ldte%‘adtf‘eé)fi@.“c?%?& RETBNE ¥y Oioatﬂﬁggﬁtﬂﬁd&ﬂ?f na-
tion storage nmedi um when the magnetic 1nfornmation storage nediumis at a
standstill and, imheRnakhe tRINEH E6rwBiQHB-s t 4 } PPe ShRWAAM NMEAI UH@Srni ty
started, the magnetic head 1is
with the reduction of the bit cell size. In a case where
a magnetic head is operated at an extremecly low {lying
height (i.e., in a near-contact state) or in a contact
state against a magnetic information storage medium,
there are provided, as a technique for start and stop of
a magnetic information storage device, (1) the landing
zone system according to which a landiag zone is provided
for performing the CSS {(contact start and stop) operation
therein in a particular portion of a magnetic information
storage medium substrate (mainly an uanrecorded portion in
an inner peripheral side of the magnetic information
storage medium) which is subjected to a processing for
preventing sticking of a magnetic head (texturing
processing) and (2) the ramp loading system according to
vhich a wmagnetic head 1s in a stand-by state in a posi-
tion outside of an outer periphery of a magnetic iaforma-
tion storage medium when the magnetic information storage
medium is at a standstill and, when the magnetic informa-
tion storage medium has sltarted, the magnetic head 18

shifted to a position above the magnelic information



s

shifted to a position above the magnetic information

3" storage nediumafter starting of its rotation and |lowered softly on the
magnetic information storage nedium and, when the magnetic infornmation
storage nediumis to be stopped. the magnetic head is lifted while the
magnetic information storage nmediumis gotating and then the mag- netic
head is shifted to the position outside of the outer periphery of the
magnetic information storage medium In the CSS system if the
surface of contaterafe tihediwmgnetéc headt wig ho f hetsragnbaktopnfod mhovened
storage nedium is forned to a mrror surface to an exceeding degree,
sticking of thesorhfhét p@ Hded g bieui PAG TFdplo N pafer s et We diedl ud i t h
the result that rotation of the nmediumis not started snmoothly due to
increase in fritientitd§ e uaihge ind A S10 P ad 03 &he? SR dP Bmidcci sbe In

t t, inth I [ t [ ich a. ti hegd is | t ed
' posi tion LRSI o MABRRE NSAN| Phel) 6Fa Madfort e i ABPAELF on
storage medi um when tpe ne%gun1is at .a spagdstilliand nﬂfﬁ%iqp gethg )
medi um s star{%goé%% {92 FhOhRET cREANT 4° S8ded 0% AP Um *onf §& when

the mediumis TP&@5L”%c{Pbﬁgcﬂ%@¥ﬁéwe£§;EWl &QQEEQhJCHu{§ﬁQEg§§h?he

magnetic head is require the anding zone required In system

beconmes unnecesg, 183l e B?thew & PQliytel qpagt, clthe Medieumauhi £8y i %tadﬂéﬁgeaed

to the landing zone can be utilized as a data zone and, therefore, t
recordi ng capacgdyi@f. t he medi um can be

In the CSS system, if the surface of contact of the
magnetic head with the magnetic information storage
medium is formed to a mirror surface fto an exceeding
degree, sticking of the magnetic head occurs during stop-
page of the medium with the result that rotation of the
medium is not started smoothly due to increase in fric-
tion and damage to the surface of the medium occurs. In
contrast, in the ramp loading system in which a magnetic
head is located in a position outside of the outer
periphery of a magnetic information storage medium when .
the medium is at a standstill and rotation of the medium
is started and the magnetic head is loaded on the nediun
only when the medium is rotating, an accurate operation
control for loading the magnetic head is required but the
landing zone required in the CSS system becomes unneces-
sary, so that a portion of the medium which is allotted
to the landiang zone can be utilized as a datla zone and,
therefore, the recording capacity of the medium can be
increased. Further..according to the ramp loading sys-

tem, damage to the surface of the medium at the start of



i ncreased. Further, according to the ranp |oading sys- tem danmage to
the surface of the nediumat the start of

4 rotation of the medium can be avoi ded. As described above, in a
magnetic information storage nedium two systens have been devel oped to
cope wth the conflicting demands for ijpputting and outputting of
magnetic signals by a magnetic head at a low flying height or in a contact
state necessitated by increase in the recording capacity and prevention of
sticking of theotmagrat iod Hdaad nted itume crwg et iay oiirfed- mat i on st or age nedi um
In either case, the data zone of a magnetic information  storage medi um
must have a flatter Asurdaeé rtifahd baforee. andd t Her BRERE tal SuBdtibf BafadC X he
magnetic information storage medi um nust also have a flatter surface
than before. SROFEBEr UefeEl .opfBht SHF L8 UFadiets cP§ i of el BRCdstidr £Gwe

medi a i ncluding a_renoval gype hard di sk an& a .card type hard disk in
contrast to thdiddntdst icoRdIl icitidd dePsadfar® fdildw vid iy g W& t h

devel opnent of digital video camera and a digital camera and a
result, hi gher"é}cﬂé?rgg'b"t gffsfilggai el Jdi%gm%?&ﬁég_cnicehaadﬁi%t %ar"gt ﬁﬁdﬂ% are
required for a subigidate of £ (RORSLECochBLORABELQR 13105295 MEUMBse in

Al um num al | oy 'has been conventionally used as a naterial "of a magnetic

i nformation stqpage JEBAIUMRS UWspa St E AL £ad THE AbHET SNy 2l kQY cRYRgE lat &bne

however, tends to produce a substrate surface having projections or spot-

l'i ke projectionsgaRd ideMe@wS tANS W&Uiakh e AQlficfiatdion storage mediunm.
In either case, the data zone of a magnetic information
storage medium must have a flatter surface than before
and therefore a substrate for the magnetic information
storage medium must also have a flatter surface than
before. Further, development of a magneiic information
storage media including a removal type hard disk and &
card type hard disk in contrast to the conventional fixed
type hard disk is under way along with development of a
digital video camera and a digital camera and, as a
result, higher characteristics including higher mechani- .
cal strength are required for a substrate of a magnetlic
information storage medium.

Aluminum alloy has been conventionally used as a
material of a magnetic information storage medium sub-
strate. The aluminum alloy substrate, however, tends to
produce a substrate surface having projections or spot-
like projections and depressions during the polishing

process due to defects inherent in the material. As a

’

result, the aluminum alloy substrate is not sufficient in

flatness. Further, since an aluminum alloy is a soft



process due to defects inherent in the material. As a result, the al um num
alloy substrate is not sufficient in flatness. Further, since an
alumnumalloy is a soft 5 mat eri al ,
deformation tends to take place so that it can- not cope with the recent
requi renent for making the nmag netic infsormation storage nedi um such as a
magnetic disk thinner and the requirenent for high density recording
because the magnetic information storage nediumtends to be deforned by
contact wi th m?ﬁéflﬁégné?féfmhéaéﬂ Wendl tpedakei ndadamage the tt hé can-
recorded contents. a material for overcomng this problemof the
al um num al | oy EHESPPBFeW1QﬁoWﬁqlquﬁﬁkﬂﬁe%ﬂkitﬂ%&% %%b makipgelher nag:
magneti c |nfornat|on st e nmedi um made of a chenlcally enpered gl ass
such as a sodluﬁflﬁﬁelﬁ gatGSPCﬁtorééé mﬁ@ﬂ%ﬂrﬂ%ﬁ ah¥l &l GAEABLSEl Hdake

| S - 203 - Th t h h
Phe "fol 1 owi ng AF2ARGAnElsott© m%?‘f‘%@ﬁ o IRORN aBESF icrd ¢p T4 ns

tenmpering and sg Lhe. tqqger%ﬁneqy%r ﬁy% éﬁﬂg@b}g agéélt%eln %hlnnlng

the magnetic infornmation st or 1np OV|ng

characteristicsye ther SURSlr af ¢ st OF %thecag@ Pa X1U"d NG P 1

produces projections and depressions on the surface of the substrate.
Since a nechanigal1pipgesshhgeOtoathberpgahrpe@cessichgrguch as by |aser

beam causes a cracking or other defects due to dis- tortion in the

chemcally tenpered hayer,natexidli @ dMusicrcoming this problem of the
aluminum alloy substrate, known in the art are glass sub-
state for magnetic informalion storage medium made of a
chemically tempered glass such as a sodium lime glass
(8i02 - Ca0 - Na20) and alumino-silicate glass (SiQ. -
Al20s5 - Na20). These glass substrates, however, have the
following disadvantages:
(1) Polishing is made after chemical tempering and so Lhe
tempered laver tends to cause instability in thinning the
magnetic information storage medium.
(2) For improving the CSS characteristics, the substrate
must be subjected to texturing which produces projections
and depressions on the surface of the substrate. Since a
mechanical processing or a thermal processing such as by
laser beam causes a cracking or other defects due to dis-
tortion in the chemically tempered layer, texturipng wmust
be conducted by a chemical etching or sputtering but this
prevents a stable production of the product at a competi-
tive cost.
(3).Since the Naz0 inéredient is included as an essential

ingredient in the glass, {he magnetic thin {ilm charac-



be conducted by a chem cal etching or sputtering but this prevents a

stabl e production of the product at a competi- tive cost. (3) Since the
Na[err]O ingredient is included as an essential ingredient in the glass,
t he-magnetic thin filmcharac- 6

teristics of the glass are adversely affegcted with the result that barrier
coating over the entire surface of the gl ass becones necessary for

preventing el uti pp.of talél%[ &g 1Qd nQ[QQ‘sthrea% M"} Se P?egi\ztegt tsetd”‘w I Tih the

production of the product at a conpetitive co
al um num al | oy spbstiat g pand whemer bl ntgermﬁenedt gk aed t?‘%l%StsrﬁieacgnQ‘fm

inthe art are sone substrates made of gl ass-ceram cs. exanpl e

Japanese I%uenttm@p@u&ﬁdcubéamdsom%&éﬁkaﬁy3¥%44%ﬂ%@&ﬁ9§m§ %1utlon of
gl ass-ceranmic of a SIQ2 - Li[err]O- MJO - P20[err] system whic I ncl udes

lithiumdisilicate:0Liad@r23ii@)t angld athgyanptrz len s - St £B) eap rWdeQﬁTi a@ng £
crystal phases. This glass- ceramc is an excellent material in that,

by controlling the graiwctiat ofcgtpbui tivgraosns. of a -quartz, the con-
ventional nechanical texturing or chem cal texturing be- comes unnecessary
and surface roughnesst{Rby éFoa thol isheul sur f adéogars ubs taeriter i edeheahin
a range from1l5 A to 50 [err This gl ass-ceram c cannot cope with the
above described®?htYeteBRe Faget FatRhhelst [RhG. ok na¥peipr]the SrA and saprso
cannot suff|C|entI¥ cope with the_ above described tendency to |owering the
flying hei ght ofS b O hbadof nebassi tat 2B 6 rab?l FHePRASe Jﬁvﬁh%se

recordi ng CapaCiggtent Application Laid-open No. 6-329440 discloses a
glass-ceramic of a Si0s - Li20 - MgO - P20s system which
includes lithium disilicate (Li20 - 2Si0z2) and a -quartz (
a -Si0z2) as predominant crystal phases. This glass-
ceramic is an excellent material in that, by controlling
the grain size of globular grains of « -quartz, the con-
ventional mechanical texturing or chemical texturing be-
comes unnecessary and surface roughness {(Ra) of a
polished surface can be controlled within a range from 15
K to 50 K. This glass-ceramic cannot cope with the above
described target surface roughness (Ra) of 1 f to § i and
also cannot sufficiently cope with the above described
tendency to lowering the flying height of a magnetic head
necessitated by rapid increase in the recording capacity.
Besides, in this glass-ceramic, no discussion about the
landing zone to be described later in this specification
is made at all.

Japanese Patent Application Laid-open No. T7-1659048
discloses a photo-s%nsitive glass-ceramic of a Si02 -.

Li20 system including Au and Ag as phoio-sensitive metals



Besides, in this glass-ceramc, no discussion about the [|anding zone to

be  described later in this specification is made at all. Japanese

Pat ent Application Laid-open No. 7-169048 discloses a photo-sensitive

gl ass-ceramic of a SiJerr] - Li20 systemincluding Au and Ag~as S
phot o-sensitive netal s 7 7 characterized

in that a data zone and a | anding zone are fornmed on the surface of a
magneti c di sk substrate. A predom nant crystal phase of this

gl ass-ceranmic icdarpicitigirdmedl lijncdthe ¥ 1a 20 B Gy nandndr al ilenidamedizsinlei gatee
(Li[err]O 2SiQ[err]). In case l[ithiumsilicate is used, the

gl ass-ceranic hé§%¥%&xﬁ“chéﬁiéaFf%ﬁﬂ%ﬂﬁI?tyagéeﬁH&tq%Skr%$b&t§éﬂPousA
practical problem Further, in formng of the_|anding zone, a part_of the

substrate (i.e. Pr9 ‘h'&ii*H@“’tzoﬁéysitélc?%taélel i 98d GhtSi & Abfetedd e 1s
heni cal etch- ,i.ng .by using 6% solut i f HE. . farm f th
substrate with A et o bl Pr38a” St GRaTho e0y arar Pirodd thodh Shaedd e
bstrate instabl haai gahl . i As f i cal
Stohing by 1 oot o EoE0R0LY o [Ehr %Ry AR Rt ke i o8 OET HRs 1

sol ution becaugq Qs -Q¥3RQNHAL iYL and,gLRer GaTANS &P 4t it $o TRLROG ¢ S
ducts Japanese

not suitable for a large scale production of = products. . .
Patent Appl i catin@R lsAigd-ARAM Nora St 35284 r 6l 564 0Sepuat FBGNELIC (diri ng of

substrate of a SiJerr] - A1203 - Li20 systemin which predom nant crystal

phases consi st taf lliatoRliiwg dodid,i Gatgar (L6 2OtRE Bpsandte[ €l k. 5 SHRAETRIZE
zone) is crystallized and is subjected to chemical etch-
ing by using 6% solution of HF. Bowever, forming of the
substrate with an uncrystallized part and a crystallized
part makes the substrate instable mechanically as well as
chemically. As for chemical etching by HF solution, it
is difficult to control concentration of the HF solution
because of evaporation and other reasons so that this
method is not suitable for a large scale production of
products.

Japanese Patent Application Laid-open No. 9-35234
discloses a magnetic disk substrate of a Si02 - Al20s3 -
Li20 system in which predominant crystal phases consist
of lithium disilicate (Li20+« 2Si02) and B -spodumene
(Li20 - Al203 -+ 48i02). The predominant crystal phase of
this glass-ceramic is B -spodumene which has a negative
thermal expansion characteristic (as a result, the sub-
strate has a low thermal expansion characteristic) and
growth of crystal phases of the Si02 system such.as a -
quartz (a -§i02) and-a -cristobalite (a -Si0Oz2) which have

a positive thermal expansion characteristic (as a resullt,



(Li 20- Al20[err]. 4Si2). The predom nant crystal phase of this

gl ass-ceramc is [err] -spodunene which has a negative thermal expansion
characteristic (as a result, +the sub- strate has a |ow thermal expansion
characteristic) and growh of crystal phases of- the SiQ2 system such as a
- quartz (a -Si2) and a -cristobalite (@ -Si Q) which have a positive

t hermal expansion characteristic (as a result.

8 the substrate has ~a high thernal expan5|on characteristic).
restricted. It it Yestldoel fthae t HidsS ¢t adsi &t ant B epr B de X & %Gﬁf’a@é

roughness Ra ter olishing of 2 elo but surface roughness
dis9 closeg i% EﬁéﬁﬁF&Elﬁélié g?rfefgri?féa i df f€SREHD §Gfﬁ%éﬁeﬁ@13for
t he above descr d for Uner, fIat s rface cannot, cope_w t
the tendency towggow%glﬁﬁﬂnn & ?é’ﬁ't% of & ﬁﬁg 5% r?t‘é%lgneﬁéc é%a])[gf‘éa“by

increase in thﬁﬁlﬁgﬁ%g' By *Zﬁﬁagktt{e%?ﬂ?' Bud BTTaELaTohfRBLE TR0 403

ingredient whic I'S I ndi spensa grow ng o

the amount excegdp8845% ERGaPRES! iRl fiok Moy tm?cm)/§t§tth§wf@9c?enc

negative thermal expansion characteristic grows as a predom nant cryst

phase ap- parenbky tpeodicnse adepdvesse eEheel irorrespacie of reht- sukeLgnce
in the coefficient of thermal expansion between the magnetic information

st orage nedi um and canpomenbpeohw i thha hienfiarnatn On 1S4 of agew Medy uUAy daviigd ¢
Besides, this glass-ceramc requires a high tenperature of 820[err]C -
920 [er r] C foro€ryst akkinzat i onhard t hes epreeveatsda § ar ge csoad ge proodutei on
of the product at a | ow cost.
recording capacity. This glass-ceramic contains 41203
ingredient which is indispensable for growing of 8 -
spodumene in the amount exceeding 5%. The material 1in
which the crystal having a negative thermal expansion
characteristic grows as a predominant crystal phase ap-
parently produces an adverse effect in respect of dif-
ference in the coefficient of thermal expansion between
the magnetic information storage medium and components of
the information storage medium device. Besides, ¢this
glass-ceramic requires a high temperature of 820°C - 920
C for crystallization and this prevents a large scale
production of the product at a low cost.
International Publication ¥097/01164 includes the
above described Japanese Patent Application Laid-open No.
9-35234 and discloses a glass-ceramic for a magnetlic disk
in which the lower limit of Al20s ingredient in the above
described composition system is lowered and the tempera-
ture for crystallization is lowered to 680°C - 770°C.
The improvements of this glass-ceramic¢c however are still

insufficient in that the crystal phase of glass-ceramics



I nternational Publication W97/01164 includes the above described Japanese
Pat ent Application Laid-open No. 9-35234 and discloses a glass-ceramc for
a magnetic disk in which the lower |imt of A1203 ingredient in the above
descri bed conposition systemis |owered and the tenpera- ture for
crystallization is lowered to 680[err]C9- 770C. The inprovenents of this
gl ass-ceram c however are still insufficient in that the crystal phase of
gl ass-ceram cs 9 of all exanples is
[err]-eucryptitef @URGExALOperris BSrEB)y rywtiicte habialtneddti e -t het oab
expansi on characteristic and therefore produces an adverse effect in
respect of dif-¥highkehte pnnepetéverthereat okrandipal chrpansconsiécweed

t he magnetic information storage nmedi um and conmponents of the magentic

i nformation stofhgEe hREE URFABYLEE. M afierLse tebhectt pase gppsIdicaf odé fare
characterized %n t hat they kK do ng}_substantially contain MyO i ngredient.
Several met hods! &F & &khows it 169 H hC B P hndifnd Vefdiid ahtP AT Y% PEKECBA

th f f tic.infog- ti t di F | e,
Japanese Pat ent (b T3 E17 £ ohfTAF BE BRRR RBOTBE90nESY fi &RF 0SBEPERBEROALS or
f i | di . t | X i )
oyl ag i o 5Bl ZRngeR] 8 EREPPR.RIPRLEbELRY RePULEHeyiBRE BRY BA8iS
problems: (1) & 6arban3ubAtiR 4 S "Bl DY nRYES3ERY 28 & i Bh, ¢ PLESSUr e

and burning at a high tenperature of about 2600 [err]Cwith resulting
difficulty in ajdaige §6¢pseaptogUC)i OMntadh RgbOVnEPEHient.

Several methods are known for forming a landing
zone and a data zone on the surface of a magnetic infor-
mation storage mediunm. For example, Japanese Patent Ap-
plicaton Laid-open No. B-290452 discloses a method for
forming a landing zone on a carbon substrate by a pulsed
laser having a wavelength of 523 am. In this case,
however, there are the following problenms:

(1> A carbon substrate is formed by pressing at a high
pressure and burning at a high temperature of about 2600
C with resulting difficulty in a large scale production
at a low cost.
(2) A carbon substrate is low in its wmechanical
properties (Young's modulus and fracture strength) so
that it is difficult to cope with the thinning tendency
aund a high speed rotation of a drive.
{3) The forming of the landing zone utilizes oxidation
and evaporation of carbon by the pulsed laser. Since
carbon is a material which causes a very strong thermal
oxidation reaction, ;he formed landing zone becomes in- ~

stable and thus it poses a serious problem 1in



(2) A carbon substrate is lowin its mechanical properties (Young' s
modul us and fracture strength) so that it is difficult to cope with the

t hi nni ng tendency and a high speed rotation of a drive. (3) The formng

of the landing zone utilizes oxidation and evaporation of carbon by the 7
pul sed | aser. Since carbon is a materigal which causes a very strong
thermal oxidation reaction, the formed |anding zone becones in- stable
and thus it poses a serious problem in

10 reproduceabthi¢fuceabilifypanese Patent Application Laid- open hb
7-65359 and United States Patent No. K 5062021 discl ose a net hod

formng a | anding zoh‘ép6ﬁe§ﬁ é’latfrﬁ%hn‘}%ﬂ’llbﬁaﬁ)}oé‘ Lpﬂﬁ%e‘&i“?ésgto ﬁ1e65359

al um num al | oy ha above descr]bed probl the surface of
the substrate at} 'Fﬁgm%ﬁ%EﬁFo afgad N Beaﬁﬂﬁgﬁggf 1ﬁ5&83§ deftth ytie

t dat |t t d f h | t t
on the surface. 1° ?tgggmﬁwgfgéo'3%&33ws£%$?%”539p§? A onlTgoa by e

practical use. olfsld1aL0erelphe o1 o0 oOb) oF110f 1hE LAYORLOD abferiveq

elimnate the a%ove described di Sadvant ages © rior I OVi

gl ass- cerani ¢ sUbSLEEhe 1 'k 1RGNt Lhe LUNAWE o @ﬁereggsr{%%wﬂ41@v&Pg

excel l ent surface characteristics capable of real1zing a stable tlying
hei ght of a magneti€iheashi pralkaedi BEazone Mher e t hgve cantddGte csit ad de abd

stop of the nagnetic head is perforned
oxidation of a molten portion and remaining of splash of
molten metal on the surface. It is therefore difficult
to put this method to a practical use.

It is, therefore, an object of the invention to
eliminate the above described disadvantages of the prior
arf and provide a glass-ceramic substrate for a wmagnetic
information storage medium having excellent surface
characteristics capable of realizing a stable flying
height of a magnetic head in a landing zone where the
contact start and stop of the magnetic head is performed
and realizing inputting and outputting of magnetic sig-
nals at a low flving height or in a contact state of the
magnetic head in a data zone (including the ramp loading
system) satisfying the requirement for high recording
density.

It is another object of the invention to provide a
magnetic information storage medium made by forming a
film of a magnetic medium on this glass-ceramic¢c sub-
strate.

Su f t) I .

Accumulated studies and experiments made by the in-



and realizing inputting and outputting of magnetic sig- nals at a | ow
flying height or in a contact state of the nmagnetic head in a data zone
(including the ranp |oading system) satisfying the requirenent for high
recording “dens i ty - - It is another object of the invention to provide
a magnetic information storage nedium npge by formng a filmof a
magnetic nediumon this glass-ceramc sub- strate. Summary of the

| nventi on nul t studles and ex rlne ts made b
ventor of the preggﬁ P e‘ € I $%67" ach? &8 bon abO\?‘ Vy“écrftbeed"BB Y&cts

of the 'nventlomeyeyggz;gsau%@t n ey d | odip 8&6”’“' SIS 08,108 she

present |1 nvention
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st orage medi um can be obtai ned which has, as its predom nant cryst

phases, |ithiumdgsgil,i cate; {§i 20x,¢2S qé@fl) zgind atp j @ast @@%o%elﬁczﬁ@lz
froma group consisting of a -quartz ([err] -SiQ2), a -quartz sol

solution (a -Si§Rstell ptlasspl dt igdaks-cedamGlei Soabad idLgné Bic Si@braadma -
cristobalite solid solution (a -SiQ2 solid solution), has a coefficient of
t hermal expansi onowidhen me panti cudar b e andget a has dcrystialh ghaisns e ai ftsne
gl obul ar grain struc- ture, has surface characteristics wth excellent
flatness afterppolpghinag tarmdr haba bxpkbhkest priodeswsmbil b sty iwiatte al L 092 -
laser so that itSigz?nggt2%eggiszognlogzug%t%dl%ﬂgin a group Lonszstlng
of a -quartz (a -Si102), a -quartz solid solution (@ -Si0:
solid solution), a -cristobalite (g -Si02) and a -
cristobalite solid solution (a -Si02 solid solution), has
a coefficient of thermal expansion within a particular
range, has crystal grains of a fine globular grain struc-
ture, has surface characteristics with excellent flatness
after polishing and has excellent processability with a
CO, laser so that it is advantageous for forming a land-
ing zone and a data zone on the surface of a magnetic in-
formation storage medium.

For achieving the objects of the present invention,
there is provided a glass-ceramic substrate for a mag-
netic informalion storage medium comprising, as
predominant crystal phases, lithium disilicate (Lio20-
28i02) and at least one selected from a group consisting
of a -quartz (o -Si02), @« -quartz solid solution (a -Sif:2
solid solution), a -cristobalite (a -Si02) and a -
cristobalite solid solution (a -Sif02 solid solution) and

having a coefficient of thermal expansion of + 65 to +.

130 x 10-7/°C atl a itemperature within a range from - 50°C



ing zone and a data zone on the surface of a magnetic in- formation

st’orage nedi um For achieving the objects of the present invention,
there is provided a gl ass-ceranmi c substrate for a mag- netic information
storage medium conprising, as predom nant crystal phases, lithium

disilicate (Li[err]O 2Sierr]) and atl2east one selected froma group
consisting of a -quartz ( a -SidJerr]). a -quartz solid solution ( a
-Si2 solid solutiaon) a -cristobalite (a -SiQQ) and a - .
cristobalite soffdsdltti did 8 uriage sbPrahaesst (8AY aidemarq hiphing of
coefficient of %?erng* expansion of + 65 to + 130 x 10 [err]/[err]C at a
tenperature wit¥tn a’tange from- 50[err]C

12t 70 C apd surf h Ra) aff. i shi f 3 -
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I's substantial | u§£€xeaf’é l\?zﬁcfxfﬂgaff’%]}h% tred No ANRLDET . RFPPEG OF the

i nvention, crystal grarns o disilrcate are of a gl obul ar

grain struc- ture apd BRYendrJhadipd cdi ARt efe WikkieR t30hanas ity Opr M ns
0.30p m crystal grains of the a -quartz and the a - quartz solid solution

are of a globulgsf grai Nishiugt4ieilgaaheyla@lulodr Orgidb cnsi St ng Ot ruc-
aggregated particles and have a grain dianeter within a range of 0. 10 p m

- 1.00 p m antuceyshal hgrai 8S goh ihhd iametleirstvabid id &2 arngngd hef @ 05 x o

-cristobalite solid solution are of a globular grain structure and have

a grain dianmeter M 8Ritchma rearygetal grains of the a -quartz and the a -
quartz solid solution are of a globular grain structure
each globular grain consisting of aggregated particles
and have a grain diameter within a range of 0.10um -
.00 m, and crystal grains of the a -cristobalite and
the a -cristobalite solid solution are of a globular
grain structure and have a grain diameter within a range
of 0.10puwm - 0.50 1 m.

In another aspect of the invention, the glass-

ceramic consists in weight percent of:

$i02 70 - 80%
Li20 g - 12%

K20 2 - 5%

Hgd ¢+ Za0 1.2 - 5%

in which ¥go 0.5 - 4.8%
Z00 0.2 - 3%

P20s 1.5 - 3%

2102 0.5 - 5%
A120s 9 - 5%
Sba0s + AsaOs g - 2%,

In another aspect of the invention, said glass-



of 0. 0O pm- 0.50 pm I n anot her aspect of the invention, the

gl'ass- ceram c consists in weight percent of: Si 02

70 - 80% Li 20 9 -1 2% )
Klerr]O 2 - 5% MO + ZnO

1.2 - 5% in which MO 13 0.5 - 4.8%

ZnO 0.2 - 3% P205

1. 5- 3% Zr 02 0.5 5% Al
203 ceramic substrate is oblaineglyby heangHQﬁﬁing AshaS e
0 - 2% I n anot her aspect of the invention, said glass-

13  ceranic sul§§tarsa§t dor Protugiifgd @ 1’y Yiddl t“r”édtel”ri’g “a(‘db‘ffse‘ PP ftgyr e
produci ng a crystal nucl eus unde¥ a tenperature a range_fraom
B50Ler 11 “to b3y Faninet ¥ Auive ¢ thoded tnafe odystal e

under a tenperature W thj ran 80[err to80err for one
to twel ve hourstharl]’cfS {1|s |ﬁg°f g?%L! cg o% é glass % % nlgrfub§t éﬁ

to a surface rq qlm&ses Plodl €88k - t9P%00c fold aoargbotbfatwafpg%uq Salgi

invention, the gI ass- ceramc has a data zone ndi ng zone
l'anding zone h%‘b‘lrlgghal o Ul tthiePlsluGiflak £0To fprthee('gtl'aQ%S Q1 ERY 8SH NS t f WJTRA

by irradiation of CO02 | aser beam I n anot her aspect of the invention,
hei ght of the QMQHQQQIQ@%gqmeQQDMQSQMOHSgmornEd is within a range from

In another aspect of the invention, the glass-
cerawmic has a data zone and a landing zone, said landing
zone having a multiplicity of projections or depressions
formed by irradiation of C0. laser bean.

In another aspect of the invention, height of the
projections or depressions formed is within a range fron
SOX fo 3005. surface roughness (Ra) of the landing zone
is within a range from 10§ to 502. and interval of the
projections or depressions is within a range from 10 punm
to 200 « n.

In another aspect of the invention, there is
provided a magnetic information storage medium having a
thin film of a magnetic media formed on said glass-
ceramic substrate of claim | and having., if necessary,
one or more of an undercoat layer, a medium layer. a
protecting layer and a lubricating laver formed on said
glass-ceramic.

Brief I ot f the ] .
In the accompanying drawings,
Fig. | is a to; plan view of the state of a landing

zone and a data zone formed outside of a central opening



50A to 300[err] surface roughness (Ra) of the landing zone is within a
range from 10[err] to 50[err] and interval of the projections or
depressions is within a range from10p m to 200g m I n anot her
aspect of the invention, there i§ provided a-magnetic information storage
medi um having a thin filmof a magneticigedia formed on said gl ass-
ceram c substrate of claim1 and having, if necessary, one or nore of an

undercoat | aye i | ayer,, t ing,l aver and.a lubricating
| ayer formed onggaﬁg %éﬁéggyégﬁaﬁﬂb.“%hﬁﬁgf_Eﬁé%r?ﬁf?%n‘%f??h% Efgﬁfﬁﬁée
In the accormanmgadrm%\@rg@m inforalioh ISt@ 100 RbAT W QWA 4 PE, SRt E
of a landing zone and a data zone forneg outsi de of a central openlﬁg

14 of an enbodipent,eknthenCSS type gl ass-cerami c substrate for a
magnetic information storage nedium according to the invention;

Fig. 2 is a sectionplig.vigwishaw §gctib@aghapee #f s hprvojBEL £ ABS HUbe of
depressions fornmed in the | anding zone; Fig. 3 is a sectional view
showi ng the shapejeotiopsopedt iepseéoiond forhbe Eandhaglaedeéng zone;Fig.
4 is a sectional view showing the interval of projections or depressions
formed in the | andi nBigondg is a ddgiiobails va secthomdlng vikw shawiago ft he
hei ght of projections or depressions forned in the |anding zone;

Fig. 6 shows ahrSEM tseadnfagnedetnrbhenienrdseppeyne:

Fig. 4 is a sectional view showing the interval of
projections or depressions fofmed in the landiné zone;

Fig. 5 is a sectional view showing the height of
projections or depressions formed in the landing zone:

Fig. 6 shows an SEMN (scanning electron microscope)
image of the crystal structure of the glass-ceramic of
Example 2 of the present invention after HF etching;

Fig. 7T shows an SEM image of the crystal structure
of Comparative Example 1 of a prior art glass-ceranmic
after HF etching;

Fig. 8 is an SEM image of the projections or depres-
sions of EBxample 3 after irradiation of laser beam by a
CO2 laser;

Fig. 9 is an SEM image of a prior art alumino-
silicate chemically tempered glass after irradiation of
laser beawm by a CO02 laser:

Fig. 18 is a schematic view showing an information
storage device of the landing zone system in which start
and stop of a magnetic head are made in the landing zone:
and !

Fig. 11 is a schematic view showing an information



i mge of the crystal structure of the glass-ceramc of Exanple 2 of the

present invention after IIF etching; Fig. 7 shows an SEM i nmage of the
crystal structure of Conparative Exanple | of a prior art glass-ceranc
after HF etching; Fig. 8 is an SEMinmage of the projections or
depres- sions of Exanple 3 after irradipgti on of |aser beamby a CJerr]

| aser; Fig. 9 1s an SEMinage of a prior art alumno- silicate

chemically tenpered glass after _irradiation of . | aser beam by a Q02 |aser;
Flo 10 13 o SCHENRTE STEAFSHBR HBCanaRRr QPRGINGn 1S Gigkh Ui €h BFSt he
-l'andi ng zone system n which start . .and stpp. of gnetic head are, in
t he | andi ng zonaelr?(F naP of 4 I‘—“ia&.net ﬂ‘seaados% %rr@ ?% \}lgev?/%shaol\?ﬁangéléhg?gjg

i nformation L . i t device of the ranp
| oadi ng systen1?% { ?cﬁ?%ﬁ%ﬁ%c %ﬁ&P%%%%I%R %tigﬁ%it?%@ﬁggd are made in an
area outside o Lhe Sponed 4 £ 4 0 pL N | edium  Detailed

. ; i O !
Descri ption of nvent| on Imting the predom nant

crystal phases and gdaidngli OBl @inaRdngr AR il f CFystal Fraé oS,

a coefficient of thermal expansion, surface characteris- tics,

conposi tion, codld tgonsn of i deated road NENdi@ndt sakturd a6L af fetat exiurngg in
the present invention wll now be described in detail. The conposition of
the gl ass- ceramecetiibsi¢mt eodf thhenianventpiaos iios, exquretsed ohatheteris-

tics, composition, conditions of heat treatment and sur-
face after texturing in the present invention will now be
described in detail. The composition of the glass-
ceramic substrate of the invention is expressed on the
basis of composition of oxides as in its base glass.

Predominant crystal phases should be lithium dis-
ilicate (Li20- 2Si02) and at least one selected from a
group consisting of a -quartz {(a -Si02), a -quartz solid
solution (a -Si02 solid solution), a -cristobalite (a -
$i02) and a -cristobalite solid solution (a -Si02 solid
solution). This is because the predominant crystal phase"
is an iwmportant factor in determining the coefficient of
thermal expansion, wmechanical strength, crystal structure
and surface characteristics derived from the crystal
structure and, for realizing the characteristics required
for a substrate for a high density recording.

¥Fith the increase in the recording density, higher
accuracy is required for positioning of the magnetic head
and the magnetic information storage medium and, there-
fore, component partg of the medium device and the mediun .

are required to have a highly accurate size. For this



basi s of conposition of oxides as in its base gl ass. Pr edom nant

crystal phases should be lithiumdis- ilicate (Li20. 2SiQ2) and at | east
one selected froma group consisting of a -quartz (a -SiQ2), a -quartz
solid solution (a -SiQ2 solid solution), a -cristobalite (a - Si 02 and

a -cristobalite solid solution (a -Si Q2 g0lid solution). This is because
the predom nant crystal phase is an inportant factor in determning the
coefficient of thermal expansion, mechanical h, CQ%Sta| structure

, tre
ond Surface ChaPAS0r 2m e 1aet BB IRCaR bond HEr yatdie F ettt dh kb for

realizing the %Qatacteri ti,cs required for §e§wgggrghg f%r a high density

recor di ng. C\I\ftnﬁ the ti%ecl}"baa TR THE T ecdr O ng ensi‘t f/“,ponﬁin hefdrts

accuracy i s 1 equid ety of, 05 LEoRRAY 9% NS JPANCALE BRAY (309 S Raeti ¢

i nformation storage re- Tfore, conponent parts o

medi um devi ce and e fAdWRL e trh%qld;iarle%x%o%nll%‘b% % Y AN Yo AGEY 1 1€ & 2 €.

For this 1 reason. an effect produced by

the difference sish doh eS¢ OFJJ@ ende Of & PEEMBLa@XPRNSOR dp@tenaen itdve r-
conponent parts and the nedi um cannot be ignored and this difference in

the coeffi ci entyagftoishey fo0d a X PRdI&i O 8boukd RBecmi nidM Zedard Al iganponiend,
parts used for a small size nmagnetic infor- maiton storage nedi um device
such as a hard tdicsde dravepg those fifawd ingn &t cbefthiecinent «ofpd el pal iexgdresi on
in the order of + 90 to + 100 x 10[err]/[err]C are generally used and,
therefore, a swdterated is Hsboréqlblfed 18 RdVe a&reodfemieraldivertsesf atfor mal

expansi on of the same order. Depending ] )
therefore, a substrate is also required to have a coeffi-

cient of thermal expansion of the same order. Depending
upon the design of the wagnetic information storage
medium device, however, there arises a case where a
material having a coefficient of thermal expansion of
about + 70 to about + 125 x 10-7/°C which is outside of
the above described range is used. For this reason, in
the present invention, the coefficient of thermal expan-
sion is within a range from + 65 to + 130 x 10-7/°C in a
temperature range from - 50°C to + T0°C so that the
glass-ceramic substrate can cope with various types of
materials which can be used as components of the medium
device while having regard to the mechanical strength by
employing the specific crystal systen.

The substrate is substantially free of Naz20 and PbO
ingredients. The Na20 ingredient contained in the
material for the substrate causes a problem in realizing
a highly accurate and fine wmagnetic film. Since Na ion
significantly cause; abnormal growth of grains of the

magnetic film and reduction in the orientation of the



upon the design of the magnetic information storage nedium device,
however, there arises a case where a material having a coefficient of

t hermal expansion of about + 70 to about + 125 x I10[err]/[err]C which is
outside of the above described range is used. For this reason, in the
present invention, the coefficient of thegfmal expan- sionis within a
range from+ 65 to + 130 x 10[err]/[err]C in a tenperature range from -

50[err]C to + 70[err]C so. that the glass-ceranc substrate can cope
with various tyBe&ustiqat bl Pal BrGAEAS cahl beh Lised &S eddfdbheht stbe shd -

medi um devi ce ile having regard. to, the anical .strength by enplaying
the specific cr \é\gtrzfletesy"s? %gr?s Wt “Isrfeo%uﬁg?ﬁg'tee & é[’JBstté’ntﬁh'h‘T | Gagp&d it
Na20 and PbO i qredufnts. Ege 20 %n?regient 0 &0 tainedi i.n the

mat erial for thz dbstHat 28 chliged 1 Thr bOT BAEN BT T 97 ng© 54 tHilgH y I Acddeat e

and fine magneti.g.fil in ' . signifi 1, ses no |,
grow h of graingggfcfﬁén ﬁgzngf?Eﬁ???ﬁ$é§d95858§??36¥f§%§he o??%n?gﬁiéﬁ of

t he ; ; ; nBoNet i fef ki1 r Ces O hi_s, .
ingredient in tﬁéegdﬁy]ts%?a%gdggﬁggéagiffu5|okﬁgfggggd%éﬁﬁgﬂ ?g ER% e
nmagnetic film dukicRgehie plriolt@chi@bRI AL dPtACOLT 0 reeBllet oY tihN st NG g re@AWGLd ON
of the magnetic characteristics. The PbOin- gredient is undesirable from
t he standpoint ehotuh@ @m- aveiikedment protection and therefore use of this

i ngredi ent should be avoi ded.



18 I f the height of projections or depressions in the surface of a
| ahdi ng zone (i.e. a portion where the mag- netic head starts and stops
its operation) in the CSS system is less than 50[err]. there is high
|'i keli hood of sticking of the magnetic head to the substrate due to
increase in the contact resistance genereged during stop- page of the
magnetic head with resulting damage to the nmagnetic information storage

medi um or the nagneti? hsad at .the ?tart_of t he magnetic head. If the
surface of the substfat'®@& deigtdught SBFPAGETIPER Pfoj BR T OHS! UFS dépr ée

sions having a hei ght exceeding,300[err amage such as head crash wll
occur after staPPF%GCSfO pgréPﬂSﬁHSfZPﬁg ﬂég9"nét?gr%dpgkyqerﬁoﬁietﬁé§é

reasons, . the PLEkSStipngy o, dSPraRsl opR,0f e dpRdhRgcrone , DRYeEas

hei ght within a ‘range from rr] err] a intérval o

proj ec-  tions Qg QeRr essi 9Rg ! Stﬁ’!':fqhis@k'a rﬁﬂggfgag%m HOL BT Mli kD100 $P9 o ¢

[err] mand the Surface roughness (Ra) of t ing zone is controlled

to a range fromshQleqrimlg tPr SPe maﬁnet$icn(}ﬁ‘e_4(hef§ tHel RGHENALPEY BRe to
decreasing the flying height of the magnetic head to 0.025 [err] mor

bel ow. For copchgavet inthhe cogyhceneBtisthheesygehacatequghnesg GRap- i
within a range from3[err] to 9[err]. In the ranp |l oading system the
entire surface ohgihe fsulisd reigneotst inlewtdes iat h da¢ qQuzane ganihma g et ef ahe,
texturing is not made but the entire surface of the substrate should have
the surface roaghnesdsc(Ra) owinaltiinnt s oravege faebimBAOLt ot BA magnetiFohead
obtaining the glass-ceram ¢ substrate having the above described fl atness
(3[err] to 9[erpf ﬁﬁetﬁéagétafzéhé)pagﬁgtlc head. If the surface of the

substrate is a rough surface with projections or depres-
sions having a height exceeding SOOR, damage such as head
crash will occur after starting of operation of the mag-
netic disk. For these reasons, the projections or
depressions of the landing zone have a height within a
range from SOE to 3002 and the interval of the projec-
tions or depressions is within a range from 10um to 200
£ m and the surface roughness (Ra) of the landing zone 1is
controlled to a range fron 102 to 50§.

Since there is the tendency to decreasing the flying
height of the wagnetic head to 0.025 2 8 or below. For
coping with this requirement, the surface roughness (Ra)
is within a range fronm 3X to QK. In the ramp loading
system, the entire surface of the substrate constitutes a
data zone and, therefore, texturing is pnot made but the
entire surface of the substrate should have the surface
roughness (Ra) within the range from SX to QK.

For obtaining tge glass-ceramic substrate having the .

above described flatness (BX to 9% in the data zone), the



19 crystal grain and its structure are inportant factors. The desired
surface roughness cannot be achieved if the crystal grains have a dianeter
which is larger or smaller than the dianeter within the range defined in
the claim Since the crystal grains of the substrate~according to™- the
invention are globular, these crystal grggns are ex- posed above the
surface of the substrate after poIishing and constitute an excel | ent
surface which is s ree of bove descri bed
content ranges of y?ﬁé r &s'ﬁ‘elc“t |% { F@r §(fl|ré‘r?tts‘ Have’ T)eéﬂpgéltéé‘tteof Fototfe

reasons stated .. bel npor t ang

d
i ngr edi ent whi he 85§lﬁggtsﬁfggffnd“3P reé*ﬁ?%%é§°€o¥ %PﬁﬁﬁWGNIdt% the
ilicate (Li20 . 2al rangumg ab1 fét@) b y@r ZrgsPlbg §§ gttgm
a ¢ obalfte

(a -Si2 solid €0 utlon -cristo nd “a -cris

solid solutiongfgy,- ts’h92d1§ﬂle't9r59|1‘ﬂh'19”)th%r M’%tn%les 5 AT REO Nad E[X?&.a'

phases. |If the anmount of this ingredient is below 70% the crys-

grown in the glasgceerari @ @i d NSEpliRsand iths teXns t EHEE HRRAS 4 pecone
too rough whereas if the amount of this ingredient exceeds 80% difficulty

arises in neltinge andehoiohngrthgibdseagl agshese cryfmlligQingredien;- is
also a very inportant in- gredient which, by heat-treating the base
glass, forns Ip¢hednablosel tbeespkf20e 28 @R} am bone afe t4itt e egoli @b g
crystal phase. If the anbunt of this ingredient is bel ow

and constitute an excellent surface which is smooth and

is free of burr.

The above described content ranges of the respective
ingredients have been selected for the reasons stated
below.

The Si02 ingredient is a very important ingredient
which, by heat-treating a base glass, forms lithium dis-
ilicate (Li20- 25i0:2), a -quartz (a -Si02), a -quartz
solid solution (a -Si02 solid solution), a -cristobalite
(a -Si0z2) and a -cristobalite solid solution (a -Si0:
solid solution) crystals as predominant crystal phases.
If the amount of this ingredient is below 70%, the crys-
tals grown in the glass-ceramic are instable and its tex-
ture tends to become too rough whereas if the amount of
this ingredient exceeds 80%, difficulty arises in melting
and forming the base glass.

The Li20 ingredient is also a very important in-
gredient which, by heat-treating the base glass, foras
lithium disilicte (Li20- 2Si02) as one of the predominant
crystal phase. If th; amount of this ingredient is belovw

8%, difficulty arises in growth of this crystal aand also



9% difficulty arises in gromh of this crystal and al so

20 in nelting of the base glass. |If the anobunt of this in- gredient
exceeds 12% the crystal obtained becones in- stable and its texture
tends to beconme too rough”and, noreover, chemcal durability is

det eri or at ed. The K20 ingredient igo0an ingredient which inproves the
nmel ting property of the glass and prevents the grown crystal from becom ng

t oo rough. I f. RhEe?F?HFto?f thh aslngﬁgglent S gﬁgcw%g%@ttpgifhe%f?ggs

cannot be attai hed he” anoun hi's "1 ngredi ent exceeds e grown

crystal becorfesg}%le%gféxcw@s mtalthrah%s[eymaﬂgsmanqedcfm(g@ér in-

durability is deteriorated, diffusion to the filmincreases I ng the

filmformng proggsseand @bNOs - +eNal rar o 4 f tbhfbefc'dn{@ apgor @@ugty oy @f
the orientation of the filmresult. The MO and ZnO ingredients

are inportant géReov@fedirasscahi ¢hr hRye; beepnsfoundriorgeow t he crystal
grains of lithiumdisilicate, a -quartz, [err] -quartz solid solution, a

-cristobalite and a Thei gk0balngre dantd 5ol aa  itnigare difeinch woinst | fwpeot be
predom nant crystal phases in the formof globular crystal grains. If the
amount of the My®© magtédiepropsribel ol Q.hB%g 1 aslve aamnbunte ofn thetaQerown
ingredient is below 0.2% and the total anobunt of these ingredients is

bel ow 1.2% theyab@befdegcrbie@@@i@fgfefclto tahiibt  bd fadHieevatp wiherebsthist he
anount of the MgJO in-_ gredient exceeds 4.8% _the anount of the ZnO

i ngr edi ent excé%@%edsgﬁénﬂs ?ﬁéowt%falth%ﬁ%uﬁffb?tqtﬁé§%0tlh@r%HF%hﬂéd

[f the amount of this ingredient exceeds 5%, the grown
crystal becomes too rough, the crystal phase changes and
chemical durability is deteriorated, diffusion to the
film increases during the film forming process and abnor-
mal growth of the film and reduction of the orientation
of the film result.

The Hg0 and Zn0 ingredients are important in-
gredients which have been found to grow the crystal
grains of lithium disilicate, « -quartz, a -gquartz solid
solution, a -cristobalite and «a -cristobalite solid solu-
tion which constitute the predominant crysial phases in
the form of globular crystal grains. [f the amount of
the Hg0 ingredient is below 0.5%., the amount of the Zn0
ingredient is below 0.2% and the total amount of these
ingredients is below 1.2%, the above described effect
cannot be achieved whereas if the amount of the Mg0 in-
gredient exceeds 4.8%, the amount of the Zn0 ingredient
exceeds 3% and the total amount of these lingredients
exceeds 5%, it becoﬁes difficult to obtain the desired .

crystal.



exceeds 5% it becones difficult to obtain the desired crystal.

21 The P20[err] ingredient is |nd|spensable as a nucleating agent of
the glass. If the anount of this ingredient is below 1.5% the nucleating
effect is insufficient with the result that the crystal phase grown

becomes too rough. If the anbunt of tdis ingredient exceeds 3%

devitrification occurs with the result that a |arge scale production of
t he product becones i ffj The ZrQ2 j.n redl i s an | ortant
i ngredi ent whi ch #02#? Ingned i FJZSO[IGPr'frl] %qur?gargo‘? ]aea““g

| f | d ff fi
Crystal grai nedds rflgtr S *d'genf;‘eiﬁaa%”ca P PhEGFROBRE KT e Zﬁlfﬂ%r”'ﬂ% e
| mproving cherical guf abil | e Iy d e, ¢ ATPUDY (9 ot S mgmagle{,tthléhow

0.5% these effe cannot ned ereas if th n-

gr edi ent exceeﬂ‘%}]éo/‘% e%'uf fd CE“]EX qrﬂée r'y@ t'Eell tbﬂgsg épgw"b%seec ﬁ'j" giﬂo[ err]

raw mat eri al i tends to unnol t

i ngredient is g noredignt ¢yoi Camdmows thqrsemsEkedqre%bdléweeefd 3%,
hardness of the glass-ceramic. |If the anbunt of this ingredient is bel ow

2% these ef- dédwods Carinoito e cdd @ neick iwhareease 91 ¢ high samlinta 10fe tdd Sl e
i ngredi ent exceeds 5% the nelting property is deteriorated and

devitrificatiompracourts cand ft high egrpoverd u oclr yestcad m gphaksief fohenigies to [err]

-spodunene (Li20 - A1203 4SiO4). The growth of [err] -spodunene and

[err] -cristobalite {he Zr02 ingredieat is an important ingredient which
functions, like the P20s ingredient, as a nucleating
agent of the glass and is very effective for attaining
fine crystal grains, improving mechanical strength of the
material and improving chemical durability. If the
amount of this ingredient is below 0.5%, these effects
cannot be attained whereas if the amount of this in-
gredient exceeds 5%, difficulty arises in meltiﬁg of the
base glass and a rav material such as ZrSi0. tends to be
left unmolten.

The Al20s ingredient is an ingredient which improves

chemical durability and hardness of the glass-ceranic.
If the amount of this ingredient is below 2%, these ef-
fects cannot be attained whereas if the amount of this
ingredient exceeds 5%, the melting property 1is
deteriorated and devitrification occurs and the grown
crystal phase changes to 8 -spodumeﬁe {(Li20+« Al203 -
48i04). The growth of B -spodumene and @ -cristobalite (
B —Si02) significantly drops the coefficient of thermal
expansion of the mate;ial and, therefore, growth of these

crystal phases should be avoided.



[err] -Si@2) significantly drops the coefficient of thermal expansion of
the material and, therefore, growmh of these crystal phases should be

avoi ded. 22 The Sb2J err] and/ or
As[err]O[err] ingredients may be added as a refining agent in nelting of

t he gl ass. It will suffice if one or ppth of these ingredients are added
up to the total amount of 2% In addition, the materials of the

b [ d b f d f.
crystar, - forel grne?rgir%e b3ga ﬂ%Z?. BT SRR R R R B <

texture, and to haye gechanical, Slnangtn. e Nah Young's mpdylys andy ;e

surface hardness®whi'ch daf 10 |C|ent for I'ng a high sp

rotation, contagk Wil ;h@omﬁgg?t 00820 314 6 AL A & HE A5, gnt@ th

removabl e type storage devi c gl'ass-ceram c substrate a cor&ing
to the present Egygntbggu§qtb$f9gs all of these conditions. For
manuf acturing the glass-ceram c substrate for a magnetic information

storage medium therhased @l 8s6n, hami Ogalahie rabove descrided ubiasid i arei s
nmelted, is sub- jected to heat form ng and/or cold form ng, is heat

treated for prodeqiurigeast ctyshal fneel gumunbefe at senapehaas taresovitbpn af

range from450[err]C to 550[err]C for one to twelve hours, and further is

heat. treated foryesitydtalfldrzdtdroma Ubeles andenperatdiesw tto nhave angd iftleom

680[err]C to 800[err]C for one to twelve hours. The predom nant

crystal phases gpdthgwgﬂggg dexdmire. and to have mechanical strength
high Young's modulus and surface hardness which are suf-
ficient for standing a high speed rotation, contact with
the pagnetic head and a portable use as in a removabile
type storage device, The glass-ceramic substrate ac-
cording to the present invention satisfies all of these
conditions.

For manufacturing the glass-ceramic substrate for a
magnetic information storage medium, the hbase glass
having the above described composition is melted, is sub-
jected to heat forming and/or cold forming, is heat
treated for producing a crystal nucleus under a tempera-
ture within a.range fronm 450°C fo 550°C for one to twelve
hours, and further is heat treated for crystallization
under a temperature within a range from 680°C to 800°C
for one to twelve hours.

The predominant crystal phases of the glass-ceramic
thus obtained are lithium disilicate (Li20- 2Si02) and at
least one selected from a group consisting of a -quartz (

a -Sil2), «a —quarfz solid solution (a -Si02 solid.

solution), a -cristobalite (a -Si02) and a -cristobajite



thus obtained are lithiumdisilicate (Li20. 2S Q) and at |east one

sel ected froma group consisting of a -quartz ( a -Si2), a -quartz

solid solution ( a-SiO2 solid. solution), a -cristobalite (a -Si Q2)
and a -cristobalite - 23 solid solution (a
-Si2 solid solution). The crystal grgins of the lithiumdisilicate are
of a globular grain structure and have a grain dianmeter wthin a range of

0.05g m- 0.30 [gnhl fPoﬁ{é’z;éq? W aing, °f M‘e so%atr f“d e oih s%"i‘”z
solid solution arée of a a grain $¢ uct ufe ‘éach’ bl obul'ar

consi sting of 3995‘?9@ 6@' Llﬂé”l'lct'h%ma’?ﬂs*ﬁ %aategraar'é‘ St aﬁ{;?&b%%?'g Qm
range of 0. 10 [err] .00 [err] m and crystal grains heé

cristobalite anﬁltfrh@t%recrdﬁﬁ opakiet @ SOl d fn S@hi dhiean are; t P na 9'1033(%@rof
grain structure and have a grain dianeter wthin a range of 0.10 [err] -

0.50 [err] m ¢.05 #'lwe -gl(aSHs ged ante yattaiInedr dyn § herahaee gdesprd begd aheat
treatnment is subjected to conventional |apping and polishing processes
and t hereupon atbhkass-cgraumtz swli-id stshueibar areragietd cgilnbarinmt i Pain
storage nedi um having a surface roughness (Ra) within a range from3A to
Oerr] is provededcture edahthbobade rofg rtzhien | @owls hgtiome ofystegme gt hed
glass- ceramc is then subjected to the process of formng of projections
or depressions PATtAE legndi iy Rave By gman2dipggder ¥ithipyaj rraatd et pén

of | aser beamof this mavelen%th proj ections or depressions haV|ng helght
within a range m, and crystal grains of th

cristobalite and the a -cristobalite solid solution are
of a globular grain structure and have a grain diameter
within a range of .10 w - 6.50 ¢« m.

The glass-ceramic otained by the above described
heat treatment is subjected to conventional lapping and
polishing processes and thereupon a glass-ceramic sub-
strate for a magnetic information storage medium having a
surface roughness (Ra) within a range fronm 34 to 9k
provided.

In the case of the landing zone system, the glass-
ceramic is then subjected to the process of forming of
projections or depressions in the landing zone by a COq
laser.

By irradiation of laser beam of this wavelength,
projections or depressions having height within a range
from 50 A to 300 £ and a surface roughness (Ra) within a
range from 10 § to 580 ﬁ are formed in the ladning zone at
an interval within a range from 252 m to 250 u m. In Fig.
I, a giass-ceramic:substrate I has a landing zone §

provided outside of a central opening 5 and a data zone 2



from50 [err] to 300 [err] and a surface roughness (Ra) within a range
from1l0 Ato 50 A are fornmed in the ladning zone at an interval within a

range from25 [err] mto 250[err] m In Fig. 1. a glass-ceramc substrate
| has a landing zone 3 provided outside of a central opening 5 and a data
zone 2 24 provided outside of the
Ianding zone 3. Ref erence character 4 designates a portion called
‘ring” formed in- S|de of andln zon hows ,a .shape of
proj ections or WEPYALEHneY 1& A thEe Igr?di%‘gnﬁo%oneﬁgg 3R§t¥ eo

shape of proj ec%de%“écfé’f ”Eddéé‘;f%:t‘ftééng' f@x‘?ecaﬂgd r§E?WSf§%§EV% of

proj ecti ons or res- S| ons rmed in andi ng zone

hei ght of projecjlogs of, deprg§shens, §L ”@d impipe bandifPs ZQN@hape of
Lasers generally used for surface change such as  cutting, welding and

M croprocessi NG P§ j &c MRb@s Alr A€ r €5888hki @ due @Ni A thasQand it £02c haser,
an exiner laser and a l'aser di ode punped solid-state |aser. It has

been found thatgign § hehdwses Piocesst NPré péctibes of apsedeianteoiahbeng
invention, the nost suitable laser is the CO2 |laser. The Ar |aser and
excimer | aser psweuceFag.ursuitabsd ei shape adefodfctp duget displsashi nepfes -
nolten material. For form ng projections or depressions in the | and-
ing zone by thesGo®s | beengd ai pothshbao gt sszere ani Eigubs sbovat keightovéted
in a state clanped by a spindle and pulsed |aser beamis irradiated
vertically on theobtrthees of dnRreantehy Loneedtin phedbted hPBedornteval .

Lasers generally used for surface change such as
cutting, welding and microprocessing of a material are
classified to an Ar laser, a (02 laser, an eximer laser
and a laser diode pumped solid-state laser.

It has been found that, in the laser processing for
the glass-ceramic of the invention, the most suitable
laser is the €02 laser. The Ar laser and excimer laser
produce an unsuitable shape defect due to splashing of
molten material.

For forming projections or depressions in the land-
ing zone by the CO0. laser, a polished galss-ceramic sub-
strate is rotated in a state clamped by a spindle and
pulsed laser beam is irradiated vertically on the surface
of the landing zone at a predetermined inteval.

In irradiating the pulsed laser, a spot diameter
within a range from about [0um to about 50 um is used.
Laser irradiation conditions such as laser outputf and
pulse width are controlled in accordance with the comn-
position of the glas§~ceramic under processing.

Principal conditions which affect forming of projec-



In irradiating the pulsed |laser, a spot diameter wthin a range from

about 10[err] mto about 50g mis used. Laser irradiation conditions such
as | aser output and pulse width are controlled in accordance with the com
position of the glass-ceram c under processing. = Principal conditions

whi ch affect formng of projec- 5 25 tions
or depressions on the substrate surface %y irradia- tion of |aser beam are
(1) laser output éZ) | ength of | aser Eulse and é | aser spot dianeter,
i.e., the areati® |?Fa$?%ft’6ﬁ1%ﬁstﬂ% bbsERBBEr&hPr aEaTacenRy drggdia-’

materi al of the substrate whi ch recelve | aser ir

mel ting point of® &Fagg ard & fEfng’ ﬁo§ﬂt cﬁs%?ygtépuéroaﬁ tl@%q%ﬁg 8fass
af fect form ng p mg hﬁﬁse %lgn%gy fgggps§+9ps %t??angte 'ntﬁ ge Pgrm

gl ass substrate 8&s Aot grow crystarls i ng "poi'nt

than the gl ass-ggramc, @?a?'?%‘é‘(” dn Takl & dpapdate aﬁPe'ftdclé su?lsecdpef];hteo

| aser irradiation, the I'te portion 1s so inst that it is Icult

to control them§h@?§aqfd¥“ﬂﬁ$té99§t95t@ewm%%%(¥@ce13€§'Q%% sSsr ir-
tortion or mcrocrack due to thermal conditions takes place in a portion

on which laser pgamtsoh/radirdtiad mntho Pa PObti @agl Whidchy thert aggr pheam i s
not irradiated with the result that strength of the substrate is sig-

nificantly reduedcry©nal hgrothefrb@andhe ghagbassfeetanvenisygbstratresec-
there is nmuch difference in the nelting point depending upon the type of
crystal grown. tiThe glrasiepreaesboms. substr @txa mckor di ngat @ etnee Ppr eskas s
i nvention has '
substrate which does not grow crystals, the melting point
is lower than the glass-ceramic as shown in Table 1 and,
vhen it is subjected to laser irradiation, the melted
portion is so instable that it is difficult to control
the shape of projections or depressions. Besides, dis-
tortion or microcrack due to thermal conditions takes
place in a portion on which laser beam is irradiated and
a portion on which the laser beam is not irradiated with
the result that strength of the substrate is sig-
nificantly reduced. On the other hand, in glass-ceramic
substrates, there is much difference in the melting point
depending upon the type of crystal grown. The glass-
ceramic substrate according to the present 1nvention has

a higher melting point than a glass substrate and, for

this reason, the shape of projections or depressions

after irradiation of laser beam is very stable. In con-
trast, glass-ceramics of Mg0 - Al1203 - Si0O2 system, Zn0O -
Al20s3 - Si02 system and Li20 - Al203 - S§i0: systiem

generally have a hiéher melting point than the glass- .

ceramic of the present invention as shown in Table | and,



a higher nelting point than a glass substrate and, for this reason, the
shape of projections or depressions after irradiation of |laser beamis
very stable. 1In con- trast, glass-ceramcs of MJO - A1203 - Si Q2 system
ZnO - Al1203 - SiO[err]=zsystem and ~Li20 - Al 20[err] - Sierr] system
generally have a higher nelting point th@n the glass- ceramc of the
present invention as shown in Table I and,

26 accordingly, the e?gLass eranl rocesse | aser

nust be h
RT3 HEEE R IR ER Ry R IR S AR £ '

out put and, besT dés,

projections or 96@f§§55?€? 59t9§§'£§ °9§§1de§xagpe€§ opes dfé???'?

the present inventi be descri oWs npera

for nelting raV\éﬂ@{%ia'tﬁF Eﬂﬁﬁgng%ﬂcgqrIen%fglpaI§§JM(ngast§r CEER FL§§1ons

Tables 2 to 5 ow exanpl e 10) of” conpositions o

netic informati pyn $&&f29¢€ §Essum substrate nade according to the |nvent|on
and two conparative exanples of the prior art Li[err]0 - SiQ2 system

gl ass-ceram cs (Japanese Patent Application Laid-open No. Sho 62-72547,
Conmpara- tive Exanple 1 and Japanese Patent Application Laid-open No. He
9-35234. ConparativeEixappte @J togephesemttmibetisenpelbtbeéededbéribed.
nucl eation, tenperature of «crystal- lization, crystal phase, grain

di aneter, shape of ctgbiall ghaiwns tenpgridee er dieghmesisti (Rajawfteterials
pO|IShIng of the data zone, height of projections or_ depressions f ormed
by irradiation bt Bamebashueinpedhs anda Bl htes rotGhhbes: Tables 2 to 5

show examples (No. 1 to No. 10) of compositions of a mag-
netic information storage medium substrate made according
to the invention and two comparative examples of the
prior art Li20 - Si0: system glass-ceramics (Japanese
Patent Application Laid-open No. Sho 62-72547, Compara-
tive Example 1 and Japanese Patent Application lLaid-open
No. Hei 9-35234, Coamparative Example 2) together with the
temperature of nucleation, temperature of crystal-
lization, crystal phase, grain diameter, shape of crystal
grains, surface roughness (Ra) after polishing of the
data zone, heilght of projections or depressions formed
by irradiation of a C02 laser beam and surface roughness

(Ra) of the landing zone

Table 1
Composition Systen Helting point {°C)
A12035 - Si02 glass 800 - 900
Hg0 - Al203 - Si0: glass-ceramic 1300 - 14090
Zn0 - Al120a -~ Si0:2 glass-ceramic 1250 - 1350
Liz0 - Al20s - Si0: glass-ceramic 1300 - 1400

glass-ceramic of the present invention 950 - {1590



(Ra) of the | anding zone

Table 1 Conposition
System Melting point ([err]C) Al20[err] - SiQ2 gl ass
800 - 900 MO - Al20[err] - Si2 glass-ceranc 1300 - 1400 znO
- A1203 - SiJerr] glass-ceramc 1250 - 1350 Li20 - A1203 - Si2
gl ass-ceram c 1300 - 1400 glass-cggramc of the present invention
950 - 1150 27
Table 2 Exanpl es
2 Si 76. 5 76.5 76.5 L i 20
10. 5 10. 5 10.5 P20[err] Iable 2 2.3
2.3 2.3 Zrx2 1. 9 1. 9
1. 9 Al 20[err] 3.5 Exgagples 3. 5 Mg
0 0.8 0.8 1 0.87zno 3
0.5 0. 55102 0.5 K 20 76.3 16.5 . 876.3
3.8 3.8 ferrjoferr] 10.5 o9 2 10.5 g o 10.5
0.2 Nucl eation j€(perature([err]C 540 2.3 540 2-3 5402- 3
Crystal lization perature([err]C) 760 l7%0 I %80 1.9
i t hi um it > Iithium 3.3 i%ilicated >
disilcate disili e 0.5 Li 2Si 2 ef r ] )
Li 2Si 2 err] Li 2 err] 3 8 3:.1[err'&
0.1 [err] m Qﬁzdhgrr] m 0.9 | 4obular 4 4
gl obul ar gl obul ar redom nant a -quartz a -cristo- a
-cristo- CryStaL&iﬂEﬁﬁ%ﬁgﬂ_igmperature(%31 540 bal i§gq ba i§ e
grain diameter(average [err]-SIiQ2 a-Si Q2 [err]-Si Q2 shpae
of crystal grainsrystallizafidnDidBperatdreX @ M 760 0.3 P NIHQ 780
gl obul ar gl obul ar gl obul ar aggr egat ed
particles lithium lithium lighium
-quartz disilicate disilcate disAli&@R
0.3 pm Li2Sia0s Li2Si20s Lighobliar
aggr egat ed 0.1umn 6.1 um 0. 1lum

globular globutlar glohular

Predominant a -quartz

a -cristo- a -cristo-

crystal phases, balite balite
grain diameter(average), a -Si02 a -Si0; a ~-Si02
shpae of crystal grains 0.1lpum .3um 0.3 ua
globular globular globular
aggregated
particles
a -quartz
a -Sif:
0.3um
globular
aggregated
particles
Coefficient of thermal
expansion (x10-7/°C)
(- 50°C to + 10°C) 121 10 18
Height of projections
or depression (A) 134 186 64
Surface roughness ,(Ra)
of landing zone (A) 18 28 15
Surface roughnﬁss (Ra)
of data zone ( N 3 4 i




Coefficient of t
70[err] Q
depression ([err

her mal expansion (x10[err]/[err]C ) (- 50[err]C tot
121 70 76 Height of projections or
1) 130 180 100 Surface

roughness (Ra) of |anding zone ([err]) 18 26
15 Surface roughness (Ra) of data zonejdderr])
4 8 28
Table 3 Exanpl es
4 5 6 Si 2 76.9
76.5 76.8 Li[err]0 Table 3 10.5 10.5
10.5 P20s 2.5 2.3 2.0 Zr2
2.5 2.0 1.9 Al 203 ) Eﬂmiﬁ% 3.5
3.5 3.5 06 1+
0.8 ZnO w& 0.5 8.3 o5 76.5 0. 58k20
3 8 3 gliz0 38 10.5 10.5 9:%

. 2.5 2.3
0.2 0.2 Nu F%étlon temperature([err] C 5 5520 a.g 540_ g
540 Crystallizallo 3tenperature([err](:) 770 3'5 760 o’ 78%)'5
lithium  1ithg i t hi um o i §ilicatey D
disilcate disili e 0.5 Li2Si2Qeer] 0.5
Li 2Si 2 err] U% 20 err] 3.8 3.5 1 [erg]gm
0.1 [err] m ,0err] m 8.9 g, gl obularg o
gl obul ar globular Predom nant a -cristo- a -cristo- a
-cristo- crystal NpbpegSion temperature(°C) balitgag bal i §g0 balkgte

grain dianmeter(a

crystal grains
gl obul ar glo
a -quartz

-Si 2

m

aggr egat ed

| es

ver age), a S|C2 a S|C2 a S|C2 shpae of
allifaBibe YE T 2 ; ‘ ‘
bul ar globular
Iithium lithium lithaum
disilicate disilcate d1@131§@t¢]
Li2Si20s Li2SigPobul4pSi20s
O.I,um Olum allﬂtmc

Predominant a -cristo- a -cristoe- a -c¢risto-

crystal phases, balite balite balite
grain diameter(average), a -Si0:2 a -Si02 a -Si0:
shpae of crystal grains 0.3umn 0.3um 0.3 um

globular  globuiar globular

a -~quartz

a -Si02
0.3 n
globular
aggregated
particles
Coefficient of thermal
expansion (x10-7/°C)
(- 5858°C to % T0°C) 12 14 14
Height of projegtions
or depression (A) 108 200 120
Surface roughness (Ra)
of lapnding zone (&) 13 30 17
Surface roughness (Ra)
of data zope (/) 3 8 g




Coef ficient of thermal

70[err] O 79

expansion (x10[err]/[err]C) (-
72 74

50 [err]C to +
Hei ght of projections

-quartz crysta
di anet er (aver age),

or depression ([err]) 100 200 120 Surface

rroughness (Ra)- of |anding zone ([err]) 13 30

17 Surface roughness (Ra) of data zonezo([err]) 3

6 9 29

Tabl e 4 Exanpl es

7 9 S 76.0

76.5 76.5 Li 20 Table 4 11.0 10.0

10.5 P20[err] 2.0 2.3 2.4

Zr 2 1.9 1. 8xamples 1.5 Al 203

3.8 3.5 3.5 Myo 1 8 1.09

1.3 0.8 2a02 76.0 0.3 76.5 07%.5

0.8 K20 Liz20 3.8 11.90 3.810.0 318.5

Nucl eat i on tenpe?&PGre([err]C) 540 2. 0530 2.3 540 2.4

Crystal lization E erature([err]C) 770 1. 9740 1.9 780 1.5

i thium i tht i thium 3.8 3dﬁg|icat%-5

disilcate disili é g L|28|2@:rr] -8

Li 2Si 2 err] L| QHH 3® 5.1[mrg®

0.1 [err] m [err] m ’ * o gl obul gr

gl obul ar gIobuI - =TT = a
?H3iEi11gn_LQmgF{ﬁiuLQL1Ll~S_cE_iiﬂ_____sutgﬁﬂﬁ_*~__riiﬁ

a - a -9l

bal i
a - S

grain
Shpae o

crystal grains %zﬁstal1ng}ihﬁrEkmﬁhraturﬁQ%i)[?Wﬁ] m 7992[(err] mgy

gl obul ar gl obul'ar gl obul ar aggr egat ed
aggr egat ed PaithGh@s lithium  1R&htuGl es
a -quartz disilicate disalc®iteldisilicate
0. 3 [err] m Li2Si20s Li.Siglo@bulldr:Si205
aggr egat ed 0.lum pértliches C¢.lun

Predominant a -quartz

a ~cristo- @ -quartz

crystal phases, balite

grain diameter{average), a -Si02 a -Sila2 a -Si02

shpae of crystal grains 0.1um 0.1um 6.2um
globular globular globular
aggregated aggregated

el ticl

Coefficient of thermal
expansion (x10-7/°C)

a ~quartz
a -Sif2
0.3 um
globular
aggregated
particlies

(- 50°C to t T0°C) 118 687 18
Height of projections
or depression (&) 840 100 100
Surface roughness (Ra)
of landing zone & 13 168 15
Surface -roughness (Ra)
of data zope (R) 3 4 q




Coefficient of thermal expansion (xIO[err]/[err]C ) (- 50[err]Cto +

70[err] O 110 67 78 Height of projections or
depression ([err]) 80 100 100 Surface
roughness (Ra) of |anding zone ([err]) 13 16
15 Surface roughness (Ra) of data zoneszg[err])
4 30
Table 5 Exanpl e Exanpl es
10 .1 2 Si2 76.0
80.0 76.5 Li 20 Table § 10.5 8.2
1005 P2 05 2.5 2.5 2.3 Zrx2
2.2 Na20 1.0 1.9 A1 20[err] Example Comparativg
3.0 3.5 Wyo 0.9 Examples
0. 8 zZnO _ 0.4 L0 1.%1 -8 K 20
3.9 3.§%°2 3.8 Sb[err]0[err] 76. 0 80.0 018.5
0.2 Nucl eation¥t Hperature([err]C) 560 0.5 5408 2 3%05
CrystalIizationPﬁgﬁperature([err]CD 770 2‘3809 0 2.5 780 -3
i t hi um |itﬁi’51 i thi um e% 20 ldlsiricatg- ]
di silcate disil ééé 3.9 Lizsi20drr -5
Li2Si[err]O[errk -oLi 2Si 2 err] 0. 4 (.0 Qjﬁé@] m
1.5 [err] m K,8-1[err] m 3.9 .5 globul grg
gl obul ar gIobuFﬁEQ&Predoninant 0.8 -Ccristog.g -cristg-o a
-cristo- crystal phases. balite balite - balite
grain dianmeter(gyenageion temperadurd(&R) a_58p2 a549i 2 shpag gof
crystal grains 0.3 [err] m 0.3g m 0.3[err] m
gl obul ar gl ohykaeligkabibar temperature(°C) 770 800 a-qaartz
a-Si 0. 3 [err] m
gl obul ar aggregatéedun lithiunm lithium
particles Coefficient of thernal disilicate disilcate disilicate
Li28i20s Li2Si20s Li2Siz20s
0.lum 1.5um 0.1uwo
globular  globular globular
Predominant a -cristo- a -cristo- a -cristo-
crystal phases, balite balite balite
grain diameter(average), a -Si02 a -Si02 a -Si0q
shpae of crystal grains 0.3um 0.3um 0.3m
globular  globular globular
a -quartz
a -Silq
0.3unm
globular
aggregated

particles

Coefficient of thermal
expansion (x10-7/°C)

(- 50°C to + T°C)H 15 84 61
Height of projegtions

or depression (&) 110

Surface roughness (Ra)

of landipng zone Lf) 16

Surface roughness (Ra)
of data zone (A4) 4 12 11




expansion (x10[err]/[err]C) (- 50[err]Cto + 70[err]C)
75 60

61 Height of proje tions or depression ([err])

110 Surface roughness (Ra) of landing zone ([err]) 16
Surface roughn ss (Ra) of data zone ([erT]) : 4

11

For manufacturing the

1
. 1 .
gl ass-ceram c substrates of the above é%scrlbed exanpl es, materials

i ncl udi ng oxi des, carbonates and nitrates are mixed and nolten in a
conven- tional el tiofg ety i ot h ¢ etrp@F At Gred aniq hs wb s tha tesarige

from about

1350[err] C to about = 1450[err]C The nolten glass is

stirred to horfdgediPPee idesgid benecdaPrdre shompdd T iiddiso i odiukd gh e darfd

anneal ed to provide a

f |, :
to heat treatm&At P&atﬁggggge%ﬁﬁzgéﬁfsﬁéﬁ A d indért

Then, t.his, fornmed Qlass is subjected

& "t efpér fHUTED”

N e SIS eSS | oot U]C fopogboul D ELNG

hours and then is s

] ec heal "tre crysta

under a temper aluye, W i B (il ¢ 95 Rt 0o 680bEI 1G5 § 2 800G, { o AR

one to twelve hours to pro

esired gl ass-ceramc.

12

n

gl ass-ceranmi C g9 aslsaPReds Wi £ Pe b 2RBI NG 1Y RIS, NAVE NPn AVEHAYR aFNeRIFN Y AIRS €T
ranging from5g mto 30 [err] mfor about 10 mnutes to 60 mnutes and

then is finallynpel iaSad kwistia peelaindMa@hieda ¢ dNadl HY cAMAAGEe Bl diiarmt er
ranging fromO0.5g mto 2g m for about 30 mnutes to 60 m nutes. Then, for

form ng of

pr djheat, i and sorf od@perde $dia@Rs iisn stufbg elcardi 1t® 2ene, tilve tueal | shed

gl ass-ceram c substrate 1is subjected to the

produce the crystal nucleus under a temperature within
the range from 450°C to 550°C for about one to twelve
hours and then is subjected to further heat treatment for
crystallization under a temperature within the range fromn
680°C to 800°C for about one to twelve houré to produce
the desired glass-ceramic. Then, this glass-ceramic is
lapped with lapping grains having average grain diameter
ranging from S5g o to 30um for about 1§ minutes to 64
minvtes and then is finally polished with cerium oxide
having average grain diameter ranging from 0.5 m to 2Zum
for about 30 minutes to 60 minutes. Then, for forming of
projections or depressions in the landing zone, the
polished glass-ceramic substrate is subjected to the
laser processing with a CO: laser fixed in position and
pulsed laser being irradiated while the glass-ceramic
substrate is rotated.

The irradiation of the (02 laser is performed with
the condition such as laser wavelength, laser output,
laser beam spot dia;eter, focus and laser pulse width -

etc. being controlled suitably in accordance with the



| aser processing with a CO2 |aser fixed in position and pulsed |aser
being irradiated while the glass-ceramc substrate is rotated. The
irradiation of the C02 laser is perforned with the condition such as |aser
wavel engt h, lkaser output. - | aser beam spot dianeter, focus and |aser pul se
width etc. being controlled suitably 3pn accordance with the
32 specific conposition of the glass-ceramc substrate. As to the
gl ass-ceram ¢ substrates on which the |anding zone was fornmed, the
surface roughnede (ifac dromngse tde&’h %fon@’earﬁjl%%"qearrﬁﬂ’dg SRt Bhbe hei ght  of
projec- tions or depressi t he | andi ng zQne were measur ed. with l{Z%

5

optical surface r oughhes8 &R‘aﬁ yEl 85§a\A%Re D 95\% SRAGT | AP TABiEd o
and Figs. 6 anqaddu{k ze%ﬂ%e ﬂg@l ¢35, gLqt he egsgﬂ'éf QV‘?%' a7 eqnd (}l#&e) of

conparative ex- & prior $it L stemdiffrer en-

tirely from eaghd td"!aetra 'i‘oxfé‘ea{?&iy%ﬁ@' lghﬁhggd'z%%t% danpklgtm@ FNape, Pl the

crystal grains. I'n the glass-ceram cs t he present 1 nvention,
lithiumdisilicgtsnd ngodepgg's@%)onasndo At th 823k 1A% S €66 Cfle FEOMeA A PP
consisting of a -quartz ( a-SiQ). a -quartz solid solution ( a -Si Q2

solid solutionith @ zygd Iphiddt Gudfare S Rh ¥t @nalysid SiObatéte solid
solution (a -Si2 solid solution) have a globular crystal grain structure

(and consi sting of ag sigrvagatedqiards  eiso i end GuUiagd.z)6 aavdld a7 retied i el y

sam| grain dianmeter. In contrast, in the glass-ceramcs of the

Conpar ative Examillesl,of h¢hki thiesmndi sidvemt eorcrystdalthe comparative ex-
amples of the prior art Liz20 - Si0: system differ en-
tirely from each other in the crystal grain diameter and
the shape of the crystal grains. In the glass-ceramics
of the present invention, lithium disilicate (Li20 -
2Si02) and at least one selected from a group consisting
of a -quartz (a -Si02), a -quartz solid solution (a -Sif:
solid solution), @« -cristobalite (a -SiG2) and a -
cristobalite solid solution (a -Si0z2 solid solution) have
a globular crystal grain structure (and consisting of ag-
gregated particles in a -quartz) and a relatively samlll
grain diameter. In contrast, in the glass-ceramics of
the Comparative Example 1, the lithium disilicate crystal
has am acicular grain structure with a large grain
diameter of 1.0um or more. In a situation in which a
snmoother surface is required, this c¢rystal grain struc-
ture and grain diameter of the comparative example ad-
versely affect the surface roughness after polishing and
produce defects due to coming off of the crystal grains

from the substrate. Thus, it is diffiuclt to obtain a .

surface roughness of 12 A or less in the glass-ceramics



has an acicular grain structure with a large grain dianeter of 1.0

[err] mor nor
this crystal g
exanple ad- v
produce def ect
substrate. Thu
|l ess in the gl
Conmpar ati ve EXx
Conmpar ati ve EXx
crystal phase

e. In a situation in which a snoother surface is required,

rain struc- ture and grain dianeter of the conparative
ersely affect the surface roughness after polishing and
s due to comng off of thg3crystal grains fromthe

s, it is diffiuclt to obtain a surface roughness of 12 A or

of the

B0 T st Brane et glaa{]sdsz cdugihe Ty 4 a1ass-
AT £ 29 3403 [EEED o o £5 131 OPRLIAEL 8592 PE £4qT pant

and 1s of a expansi on C aracterls IC W

coefficient OErHQQ%%%hlﬁ%p%ﬂ§'9“pr@€bﬁ9n§$txc%@k&@ﬂ/JﬁH§JC%n@Xh%b'%‘QQ a
ge difference in the coefficient of thermal expansion from

relatively lar
conponent part

As regards the surface state obtained by a | aser

8 and 9, a |l as

depressions having a uniform and desirable shape as showmn in Fig. 8

be realized i
contrast to 't

al um num subst regip@ nsridnchbnds combbyeténperdd gifistheubsematiéc Asifvddabe

apparent from

(S - A1203tio"NéZ@faﬂzomﬁdﬁ"@x@ﬁ&ﬁ@%ﬂ the chemically tenpered glass

exhibits an in

9 0af thhe wBgR&tpaG sl idfO B a d el sStiQy Adiet e e ke GSien t
Rf PERELBIINE xpepsl bhNGelimd 06 Y Db -pregecd i ONBi®hing a

T etlhaet igled s -l@arganmidd fSehrstncat 6 maher didef i itdret o Mviand o st
he above described defects produced in the prior art

Fig. 9 showing the prior art chemcally tenpered gl ass

stabI% and unuglforn1surf .
S regar he sur ace state obtained by a laser

processing shown in Figs. 8 and 9, a laser processing
resulting in forming of projections or depressions having
a uniform and desirable shape as shown in Fig. 8 can be
realized in the glass-ceramic substrate according to the
invention in contrast to the above described defects
produced in the prior art aluminum substrate and chemi-
cally tempered glass substrate. Ads will be apparent from
Fig. 9 showing the prior art chemically tempered glass
(8i02 - Al20s - Na20, K20 ion exchange), kie chemically
tempered glass exhibits an instable and unupiform surface
state after the processing by the laser.

It is considered that the glass-ceramic according to
the invention is superior in resistance to heat to the
chemically tempered glass which is in an amorphous state,
has no strain change between the tempered surface layer
and the untempered interior laver which is peculiar to

the chemically tempered glass and has a crystal phase

which can prevent growth of microcracks which are .

produced by various external actions and, as a total ef-

can

processi ng shown in Figs.

in



state after the processing by the | aser. It is considered that the
glass-ceranic according to the invention is superior in resistance to heat
to the chemcally tenpered glass which is in an anorphous state. has no
strai n change between the tenpered surface |layer and tthe untenpered
interior layer which is peculiar to thgs4chemcally tenpered glass and has
a crystal phase which can prevent growh of m crocracks which are
produced by various external actions and, as a total ef-

34 fect of tHesst agfabheageszdhastabesi nprovdd edumalyiovietdy duorali rriai ate on
of | aser beam Magnetic disks as an exanple of the magnetic infor-
mat i on st or age ifeidi Lird e ofr ddieed B®AT.or mi ng, by DC sputtering, a Cr

m ddl e | ayer (80nm). a Co-Cr pmagnetic |ayer (50nm), and a SiC protective
layer (10nn) on the ¥afneidCetihic &batr &XBEPOF Phe tA50N EeichG b o -

I d then ti th . fl | yet h | ubri t 5 .
The Magnet | ¢ iR Thus 'ORAHFCE DEVE 8450l &GS FRY: kP REAF) il DC
hei ght of th i c. head t t.h ' t ti ' . Furth
mput 1 ng and Gbte t Eing 2ot et € LFBaZI C SR e O ER end tighee o
head i tact. wWifh i i.$k i | j t 1.t hout
causi ng danage 10 The GRS T helaSor b heFr LR 29 Mo iy STMTL

an information Styarage MHRAUN A e d €0 8- ¢n8 BBLY edigths dSWLE Hafpies

personal conputer) of the |anding zone system as an exanple of enpl oyl ng

t he mag- and then coating thereon a perfluoropolyether lubricant
(5nm). The wagnetic disks thus obtained were capable of
reducing the flying height of the wmagnetic head than the
prior art magnetic disks. Further, inputting and output-
ting of magnetic signals were made with the magnetic head
in contact with the magnetic disk in the ramp loading
system without causing damage fto the magnetic head or
magnetic disk.

Fig. 1§ shows anp information storage medium device
(e.g., a hard disk device of a personal computer) of the
landing zone system as an example of employing the mag-
netic information storage medium according to the inven-
tion,

In Fig. 10, a magnetic information storage medium 1
has a data zone 2 and a landing zone 3. The magnetic in-
formation storage medium 1 is rotatably mounted on an in-
formation storage medium device B§. A magnetic head 7 is
pivotably mounted on the magnetic information storage
device 6. The magnetic head 7 starts in the landing zone
3, performs recordiné or reproduction of data in the data -

zone 2 in a low flying height state or in a contact state



netic information storage nmedi umaccording to the inven- tion, In
Fi'g. 10, a magnetic information storage medium| has a data zone 2 and a

| andi ng zone 3. The nagnetic in- formation storage medium 1l is rotatably
mounted on an in- formation storage nmedium device 6. A magnetic head 7 is
pi votably nmounted on the magnetic inforggation storage device 6. The
magnetic head 7 starts in the |anding zone 3, perforns recording or

reproduction of data in the datg zaone 2 .n | ow flyin Qﬁi qg state or in
a cont act stat@nqi elda1e e A% the;ﬁand%ﬂ? %ﬁé%I: éﬂb 1 &P $et ur ns

to the | anding zonef%gw@xgh?9§s of twgeqﬁgy?{gg_qmﬁgp%gwgg thora%%

information storage nedlum Substrate of andi ng zone system nmay

used, Wi thout ReiRG SUHAGLADL JO LNe PLREERS! Bgnefgrysftgwm%g 16, d ANdi ng

zone by the laser, as a magnetic information storage medi um Substrate of

the ranp |oadiRg tswoﬁtenbeing st Pectbl $ROVEN AN rBLRERL] ONf 510173 TR UM
device (e.g., a hard disk device of a personal conputer) using a nagnetic

information stamage dedintmAind Ney ren® LoaektNgassSyushe@Pnetic idfbfidtionl,
t he sane conponent parts as those shown in Fig. 10 are designated by the
sane reference stharzgae netddnm aud sdasare ptfi ame rarmgofl cddingesyaidid.ed. I n
this system start and stop of the magnetic head 7 are nade in an area
whi ch is outside of Rilte illushpasedmagnEtigatien §6pmageomestiomagke nedd um
1. More specifically, the mag- netic head 7 starts in the area which is
outside of thee.g..  a hard disk device of a personal computer) using a
magnetic information storage medium of the ramp loading
systen.

In Fig. 11, the same component parts as those shown
in Fig. 10 are designated by the same reference charac-
ters and description thereof will be omitted. In this
system, start and stop of the wmagnetic head 7 are made in
an area which is outside of the illustrated magnetic in-
formation storage medium 1. More specifically, the mag-
netic head 7 starts in the area which is outside of the
illustrated information storage medium 1, perforams
recording or reproduction of data in the data zone 2 in a
low flying height state or in a contact state, and there-

after returns to the area outside of the information

storage medium ! and stops.



iIIustrat»ed——Fn*f—crrTrHtT'vrT’”t orage mnmedium 1. perforns recording or

r epr oducti data zone 2 ina lowflying height state or in
a cont act M“‘m after returns to the area outside of the
informatio oraged ne | um | and stops.

36 What is claimed is: 1. A glass- ceraj’gc substrate for a magnetic
informati on storage medi um conprising, ‘as predom nant crystal phases,

lithiumdisilicate (Li?20 and at | east one selected froma group
consi sting of aﬂ‘ﬁha‘r?z %1“‘%‘%23 a -quartz solid solution (a -Si O solid
solid

I - hal nd - bal
U " S SUIMLA SO i
i f + h
cxpnon o & g8t 150ty ELEL 1 AF e a2 LT RAPRD

pol i shing of B[P{v‘thlu@[@rrdl ;%at’be ggg% ; §E 31§ o %bs.\tmt%tas}gafsitne@nw

claiml which 1s substanti aI free 20 and ass-ceram ¢

substrate as defdnegiéd £FahMhlgrB8r Qo sGlodtihd! oqraunsq@irww FREITIN
disilicate are of a globular grain structure and have a grain dianeter

within a rangeqofqPar@2 @onid GsoBOtfenr - Lirystad] gaasng vafi dde aq -
quartz and the a -quartz solid solution are of a globular grain structure
each gl obul ar graistcionki 6¢ihg 03i@g) amd egatedipaobati es anti havelatyoai n
diameter within a range of 0.10[err] m- 1.00g m and crystal grains of
the a - cristobal i §&0and ¢hid asoduitstoobal #nd Suivtgolutéonfbieient of

thermal expansion of + 65 to + 130 x 10-7/°C at a tem-
perature within a range from - 50°C to 4+ 70°C and surface
roughness (Ra) after polishing of 3K - Qg.
2. A glass-ceramic substrate as defined in claim 1 which
is substantially free of Na20 and PbOQ.
3. A glass-ceramic substrate as defined in clainm |
vherein crystal grains of the lithium disilicate are of a
globular grain structure and have a grain diameter within
a range of 0.05gm - 0.80pxm, crystal grains of the a -
quartz and the g« -quartz solid solution are of a globular'
grain structure each globular grain consisting of ag-
gregated particles and have a grain diameter within a
range of 0.10pugm - 1.00pun, and c¢crystal grains of the a -
cristobalite and the a -cristobalite solid solution are
of a globular grain structure and have a grain diameter
#ithin a range of 0.10um - 0.50u m.
4. A glass-ceramic substrate as defined in claim |
wherein the glass-ceramic consists in weight percent of:
Si0» ‘ 70 - 80%
Li20 g - 12%



of a gl obwlar—grain—strueture and have a grain dianeter wthin a range of

0.20 m - ] am A gl ass-ceramc substrate as defined in claim
| wher ei l ﬁﬂ“ﬂﬂ““ﬂ e““c consi sts in weight percent of: Si 02
+ ¢ LItZUn s » B -

70 - 80% : - 12%

K 20 37 2 - 5% MyO + ZnO

1.2 - 5% in which MO 0.5 - 4.8%

Zn0O 0.2 - 3% P2d err] o

1.5 - 3% zr ot 2° 0. 52 %% m
[err]Of[err] 2 - 5% Sb[err]Oferr]

As20[ err] g0 + Zn0 0 2% 5. A gIa&Séceraﬂlc

substrate as dgfiped.ig.glaim 4 wherein said glass-cera@jg su S%Qate is
obt ai ned by heat treating a base glass for producing a crystal nucleus un-
der a tenperature withinmgrange froma450[err]C to 550[err]g ofor ggne to
twel ve hours and for crystallization under a tem perature within a range
from680[err]C to 890jerr]C for one to twelve hours and pp]§shingg the
surface of the glass- ceramc substrate to a surface roughness of 3[err] -
9lerr]. 6. A glass-Zedam c substrate as defined in claim1l fayving 5@ data
zone and a | anding zone, said | anding zone having a nmultiplicity of
proj ections or depreskibns forned by irradiation of Q[err] laser Ham
Sha0s + As203 6 - 2%.
5. A glass-ceramic substrate as defined in claim 4
wherein said glaés-ceramic substrate 1is obfained by heat
treating a base glass for producing a crystal nucleus un-
der a temperature within a range from 450°C to 550°C for
one to twelve hours and for crystallization under a tem-
perature within a range from 880°C to 800°C for one to
tvelve hours and polishing the surface of the glass-
ceramic substrate to a surface roughness of 3f - 94.
6. A glass-ceramic substrate as defined in claim | having
a data zone and a landing zone, said landing zone having
a multiplicity of projections or depressions formed by
irradiation of CO0: laser beam.
7. A glass-ceramic substrate as defined in claim 6§
vherein height of the projections or depressions forwmed
is within a range from 50% to 300%, surface roughness
(Ra) of the landing zone is within a range from 108 to
503. and interval of the projections or depressions 1is
within a range from 10w to 200 &.

8. A magnetic information storage medium having a thin .

film of a magnetic media formed on said glass-ceramic



7. A glass-eeramc—substrate as defined in claim 6 wherein height of
t he prole epressions forned is within a range from50[err] to
300[err], 1 @@a gi"ﬁﬂ m (Ra) of the landing zone is within a range
from10 t x terval of the projections or depressions is
within a range from10g mto 200g m 8.34 magnetic information storage

medi um having a thin film of a nagnetlc nmedia forned on said glass ceranlc
38 substrate of claim]| an Vi ng, e essaf%. one or nore
]ro"f‘B titfy 1 M&yef

under coat | ayer 5% %6 tn P yé'fr aidlp ar?&caeﬁ%ﬂcaﬂ“ﬁg or

| ayer formed OnnFaldé¥ia un&%rcoag layer. a medium layer, a protecting

layer and a lubricating layer formed on said glass-

ceramic.



