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Tit'l e of *he I nvention A gl ass-ceram c St

P|sk
Background of the Invention Thi s inventfi on t L di sk
substrate wused for a hard nagnetic disk recordlgggggéﬁgp

particularly, to a magnetic disk substrate vﬂme%ﬂﬁmng ass-
suitable for use as a contact recording ,Lyp-cngg iy

an increasing tendency for utilizing a persp i ut@%mﬂ@r mid b g
medi a purposes and this tendency necessita avﬁ%ﬁ(ﬁ? ngwt.!;%"_fygk“ EYNe
of an larger recording capacity. For thidg dPﬁGSE,; s DI dﬁﬁ%rnsh
track density of a magnetic disk nust be i ' fhe” 5|z@i§@e®.blt
cell nust be reduried o @& thBCtg@&k ithn 2 surface recor di ng
for a nagnet|c'ﬁﬁﬁﬁ“‘TT‘?ﬂﬂﬂf‘ﬁE‘Gﬁ@Tated in closer proximty to t he
disk surface in conf@labsyceramic Substraitzeforesdueddmytief Dig bit cell

and, for this puré)ose t he
Background of the Invention

This invention relates to a magnetic disk substrate
used for a hard magnetic disk recording deviééagnd, more ‘
particulariy, to a magnetic disk substrate made of a
&lass-ceramic suitable for use as a contact recording
type magnetic disk.

There 1is an increasing tendency for utilizing a
bersonal] computer for multiple media purposes- and tﬁis
tendency necessitates a hard magnetic disk device of -a:
larger recording capacity. For this purpose, ' the bit
.number and track density of a magnetic disk hust be
increased and the size of a bit cel} must be reduced for
increasing a surface recording density. As for a
magnetic head, it must be operated in closer proximity
to the disk surface in conformity with the size
reduction of the bit cell and, for this purpose, the
contact recording system has been developed according to
which recording is performe& with the magnetic head
being nearly in contact with the disk surface, and with
~the amount of 1i1fting of the magnetic head from the disk
surface being maintained below 0.025 am.

In such contact recording system, the magnetic disk
is required to have the surface roughness (Ra) of 10 :_

or belovw in order to maintain the amount of lifting of



cdntact recordi ng system has been devel oped according to which recording
Is perfornmed with the magnetic head being nearly in contact with the disk
surface, and with the anmount of lifting of the magnetic head fromthe disk

surface being naintai ned bel ow 0.025 [err]m In such contact
recording system the magnetic disk ig required to have the surface
roughness (Ra) of 10 A or below in order to maintain the anount of lifting
of - 2- t he magnetic head bel ow 0. 025

[err]m Besides, the magnetic disk is required to have abrasion resistance
which is sufficiently high for standing contact with the magnetic head.

Al um num al | oy haﬁebﬁgghéyqqyggguo al by ys&ﬁ%qﬁ,a B@@Eﬁgkaltﬁi £%§¥B¥” c disk

substrate. The al um num al | strate wever, tends to produce a
substrate surf acelshaviﬁg-eqtﬁrr%lde%l RA%e a¥FasitiOirekikeanc®’ Gy 0fg and

depressions during the polishing process due to defects
sufficiently high for standing contact with the magnetic
head.
Aluminum alloy has been conVentionallfwﬂ;Ed as a
material of magnetic disk substrate. 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 material, deformation
tends to take place so that it cannot cope with the
recent requirement for making the magnetic disk thinnér
and the requirement for high density recording because
the disk tends to be deformed by contact with the head
with resulting damage to the recorded contents.

As a material for overcoming this problem of the
aluminum alloy substrate, known in the art are glass
substrate for magnetic disks made of a chemically
tempered glass such as a sodium lime glass (sio, - Cao -~
Nazo) and alumino-silicate glass (Sio2 - Al,045 - NaZO).
This glass substrate, however, has the followving
disadvantages:

(1) Polishing is made after chemical tempering and so

the tempered Jlayer tends to cause instability in



i ntherent in the material. As a result, the alum num alloy substrate
is not sufficient in flatness. Further, since an alumnumalloy is a soft
material, deformation tends to take place so that it cannot cope wth
the recent requirenent for making the nmagnetic disk thinne r and the
requirement for high density recordiggzpegause the disk tends to be
deforned by contact with the head wth resulting damage to the recorded
contents. As a material for overcomng this problemof the alum num
al l oy substrate, known in the art are glass substrate for magnetic disks
made of a chemically tenpered glass such as a sodiumlinme glass (Siderr]
- CaO - Na[err] QnindndgahNg psieidubeatratglass (SiJerr] - Alferr](Jerr] -
Na[err]O. This glass substrate, however, has the follow ng

di sadvant ages: (&) Pé&lineki nghe s de Ahigeediémtn ciad tiaepadedg &nd g the
tenpered layer tends to cause ‘instability in

-3- essential ingredient 1in the glass, the <£film forming
characteristic of the glass is deteriorated with the
result that a surface coating processiﬂé”“becomes
necessary for preventing eluting af the Nazo ingredient.
This prevents mass praduction of the product at a
competitive cost.

Aside from the aluminum alloy substrate and

chemically tempered glass substrate, Kknown in the art

are some substrate made of glasa-ceramics. For example,

-

Japanese Patent Application Laid-open No. 6-329440
discloses a glass—ceramié of a Sio2 - Lizo - Mgo - on5
system which includes lithium disilicate (Lizo g 2Si02)
and alpha-quarte (alpha—sxoz) as predominant crystal
phases, This glass~ceramic is an exXcellent material in
that the grain size of globular grains of alpha~-gquarte
can be controlled but surface roughness (Ra) of a
polighed surface is within a range from 15 A to §0 K.
This glass-ceramic cannot cope with the above described
target surface roughness (Ra) of 10 : or below so that
it cannot sufficiently cope with the above described
tendency to lowering of the amount of . 1ifting of a
magnetic head necessitaled by rapid inc}ease in the
recording capacity.

It is, therefore, an object of the invention to



thi nning the disk substrate. (2) Since the Na[err]O ingredient 1is

I ncl uded as an essential 1ingredient in the glass, the film formng
characteristic of the glass is deteriorated with the result that a
surface coating processing becomes necessary for preventing eluting of
the Na[err]O ingredient. This prevents mass production of the product at a
‘conpetitive cost. Asi de fron the™ al uni num all oy substrate and
chemcally tenpered glass substrate, known in the art are sone
substrate made of gl ass- ceranics For exanple, Japanese Patent
Application Laid-open . '6- 329440 dlscloses a glass-ceramc of a

SiQ2 - Li O - | ud lit hi
d: sili ca!t [eeE H [er ri\%‘matf[s%ae] %T‘;r]dec g]hgbquar?'?‘c gfa%ﬁa' é Icflggrorr 1) as
predoni nant  crysggy smq?sies a;m'p%@h%%s CF'iQE'l-Ccézsanﬁ'E @aseusgé fterial

in that the grain size of globular grains of al pha-quartz can

control I ed but SUifaﬁfklftei@ha@Eﬁ iedh ofs guipabiehesk v fagca i gontddi n a
range from15 Ato 50 A This glass-ceram c cannot cope with the above

described targetrexardddag r otighacssagned)icof di6kA for belopwngo whah iHe
cannot sufficiently cope wwth the above described tendeney to |owering
of the anmount of }¢¥deney oftoyard high recording density of "a hard

(-4
magnetic disk by having surface roughness (Ra) of 10 A
or below and alsb having a high abrasion resistance.

Summary of the Invention

Accumulated studies and experiments made by the
inventor of the present invention for achieving the
above described object of the invention have resulted in¢
the finding, which has led to the present invention,
that, in a glass-ceramic comprising alpha-cristobalite

(alpha-$i0,) and lithium disilicate (Li_ O - zsmz') as

2 2

main crystal phases obtained by subjecting to heat
treatment, within a specific temperature range, 4 base
glass of a SiO2 - Lxgo - A1203
MgO and ZnO as essential ingredients, by restricting the

- ons system containing

ratio of alpha—cristobalite te lithium disilicate to an

.extremely narrow range from 0.25 to 0.35, there is

provided an ideal magnetic disk substrate for the

contact recording system which has surface roughness

(Ra) after polishing of the substrate within a range

from 2 K to 10 R and abrasion resistance index within a.
range from 5 to 15.

For achieving the above described object of the



magneti c head necessitated by rapid increase in the recording capacity.

It is, therefore, an object of the invention to

-4- elimnate the above decsri bed di sadvantages of the prior art
substrates and provide a glass-ceram c substrate for a magnetic disk which
Is suitable for use as a contact recorsling type magnetic disk for
coping with the tendency toward high recording density of a hard
magneti ¢ di sk by having surface roughness (Ra) of 10 A or below and al so
havi ng a hi gh abrasion resistance. Summary of the Invention

Accunul at ed studi es and experinents nmade by the inventor of the present

i nvention for achimsentdonhe tadoee idepawiviidddobj gtasofcdriamiicneabk it patdave
resulted in the finding, which has led to the present invention,

that, in-a gl ass-%®dr aniic vagpetist ndigkphgomprisbhel | tad pha-cristobalite

(alpha-SiQZ) and lithium disilicate (Lizo . 25102) as
main crystal phases characterized in that the ratio of
alpha-cristobalite/lithium disilicate is within“a range
from 0.25 to 0.35, a grain diameter of crystal grains is
within a range from 0.1 um to 1.0 um, surface roughness
(Ra) of the substrate after polishing is within a range
from 2 & to 10 A and abrasion resistance index (Aa) of
the substrate is within a range from § to 15.

In one aspect of the invention, the glass-ceramiée

substrate is formed by subjecting to heat treatment a

base glass which consists in weight percent of:

SiOz 78 - 83%
Lizo 7 - 13%
Alzo3 1 - 8%
PZDS . 1 - 3%
MgO 0.5 - 3%
ZnoO 0.5 - 3%
K20 0 ~ 5%
Asza3 and/or Shzo3 0 - 2x%.

The invention will be described in detail below
with reference to the accompanying draving and

photographs.

Brief Description of the Drawing

Fig. 1 is a graph shovwing relationship between the



(alpha-Sigerr]) and lithiumdisilicate (Li[err]O. 2SiJerr]) as nain
crystal phases obtained by subjecting to heat treatnent, within a specific
tenperature range, a base glass of a SiJerr] - Li[err]O- Aferr](err]

- Plerr](Jerr] systemcontaining MO and ZnO as essential ingredients, by
restricting the ratio of alpha-cristobalite to lithiumdisilicate to an
extremely narrow range fromO0.25 to 0.3%, there is provided an idea
magneti c di sk substrate for the contact recording syst em whi ch has surface
roughness (Ra) after polishing of the substrate within a range from2 A
to 10 A and abrasion resistance index wthin a range fromb5 to 15.

For achi eving ther@pﬂ*e dgsceh pra-op §f€béﬁxﬂé ?1th1um disilica H@ven&ﬁ@n,

there is provided a gl ass-ceramc su ate magnetic dis

conpri sing al phapedd 19O Rkl keant &l PitPess (qaqr.r]) and lithiumdisilicate
(Li[err]O, 2SiJerr]) as min crystal phases characterized in that the

ratio of - Fig. 2 is an electron microscope photograph showing
the ecrystal structure of an embodiment of the glass-
ceramic substrate according to the present i;v;ﬁtion;
Fig. 3 is an electron microscope phaotagraph showing
the crystal structure of the glass-ceramic substrate of
Camparative Example 1; and
Fig. 4 is an electron microscope photograph showing
the orystal strueture of the glass-ceramic substrate of

Comparative Example 2. t



alpha-cristobalite/lithiumdisilicate is within a range from0.25 to

0.35, a grain dianeter of crystal .grains is wthin a range fromO0.1 [err]m
to 1.0 [err]m surface roughness (Ra) of the substrate after polishing is
within a range from2 Ato 10 A and abrasion resistance index (Aa) of the

substrate is within a range from5 to 15. I n one aspect of the

I nvention, the glass-ceramc substraté€ is formed by subjecting to heat
treatment a base glass which consists in weight percent of; Sigerr]
75- 83% Liferr]O 7 - 13% Alferr]Jerr]
1- 5% Plerr]Jerr] 1- 3% MyO

0.5 - 3% il tailed escripti of the InvenQign~ 3% Klerr]O

0 - 5% _ AS[ePfffi1ﬁﬁﬂEj%miL&fJghfeP#}é%efﬁf———f— 0 - 2%
The invention will be ®ascridngdsi b sietdd | tHelQWssWebPami ¢ effisdtele b the

acconpanyi ng dr awi ng and photographs. Brief Description of the

Dr awi ng Fi gthe 1 invea tgoaphs sévopnt ¢ ddeloat ithesbapi baifrcennpbeition
of oxides as in its base glass. The above described
content ranges of the respective ingredientg ;ébe' been
selected for the reasons stated below.

The Sio2 ingredient is an important ingredient
which produces 1jithium disilicate (Li2 » ZSiOZ) and
alpha-cristobalite (alpha-SiOz) as main crystal phases
when the base glass i{s subjected to heat treatment. [:
the amount of this ingredient is pelow 75.0%, the:
crystal produced in the glass-ceramic is instable and
its texture tends to become too rough. 1If the amount of
this ingredient exceeds 83.0%, difficulty arises in
melting of the base glass.

The Li,0 ingredient is also an important ingredient

2
which produces lithium disilicate (Li,0" 28i0,) crystal
as one of the main crystal phases by heat treating the
base glass. If the amount of this ingredient is belaw
7%, growth of this crystal becomes difficult and melting
of the base glass becomes also difficult. If the amount
of this ingredient exceeds 13%, the grown crystal of the
glagss-ceramic becomes instable and its texture tends to
become too rough and, besides, chemical durebility and
hardness of the glass-ceramic¢ are deteriorated.

The K,0 ingredient improves melting property of the

2



- 6- ratio of alpha-cristobalite/lithium disilicate and abrasion

resi stance i ndex (Aa); Fig. 2 is an electron m croscope photograph
showing the crystal structure of an enbodi nent of the glass- ceranmc
substrate according to the present invention; Fig. 3 is an electron
m croscope photograph showing the crystal structure of the glass-ceramc
substrate of Conparative Exanple 1;7 afd — Fig. 4 is an electron

m croscope photograph showing the crystal structure of the glass-ceramc
substrate of Conparative Exanple 2. -7-
Det ai | ed Description of the Invention The conposition of the

gl ass-ceramc Suqﬁ&ka%?ag; and can be inciuded up to the amount of 5%,

The MgO ingredient is an important ingredient which
determines the state of grown crystal phases,. If the
amount of this ingredient is belaw 0.5%, the alpha-
cristobalite phase grows excessively witﬁh.;;sulting
deterioration in abrasion resistance. If the amount of
this ingredient exceeds 3%, an undesirable alpha-quartz
crystal phase grows and., moreover, the crystal grains

grow too rough vwith the result that a desired surface

roughness cannot be achieved. The ZnO ingredient is

-

added because it has an equivalent function to the Mgo
Ingredient but the amount of ‘this ingredient is
restricted to thé range from 0.8% to 3X for the same
reason as in the MgO ingredient.

The on ingredient is an indispensable ingredient

§
as a nucieating agent for the glass-~ceramic. I1f the
amount of this ingredient is below 1%, the grains of the
lithium dislicate and alpha-~cristobalite crystal phases
become too rough with the result that desired surface
roughness and abrasion resistance cannot be .achieved.
£ the amount of this ingredient exceeds 3%,
devitrification occurs during forming of the glass with
the result that grains of the grown crystal phases
become too rough.

The Alzo ingredient improves chemical durability

3
nf the glass-c¢eramic. If the amount of this ingredient



the invention is expressed on the basis of conposition of oxides as in
Its base gl ass. The above described content ranges of the respective

i ngredi ents have been selected for the reasons stated bel ow. The
SiJerr] ingredient is an inportant ingredient which produces
lithium disilicate (Li[err] . 2SigJerJ]) and alpha-cristobalite
(alpha-Sigerr]) as main crystal phases when the base glass is subjected
to heat treatnent. If the amount of this ingredient is below 75.0% the
crystal produced in the glass-ceramic is instable and its texture tends
to becone too rough. If the anbunt of this ingredient exceeds 83. 0%

ATLSULY 1AL SR S e B 510 1

ingredient is also an I nportant 1ngre

disilicate (Li[ertdé .ambdn® €bkl)thfd YSirdreddendneebedd ™.N eYeiAk
phases by heat treating the base glass. | f the anmount of this

I ngredi ent is bel prepeity grfowhbh @faddiis adeterdbrheednes difficult and
melting of the base gl ass beconmes also difficult. If the amount of this
i ngredi ent exceeds 13X he [ ,Gnoamd £1y Ktaj0.ofl ngled i gh e rae tarriaddbé c oxe's
instable and its texture tends to beconme too rough and, besi«des, chem cal
durability and hE$HHRE oRReRds gi mdrelddngniod 4Re BeserglaAsst-ed. It will

suffice if total of up to 2% of one or two of these
ingredients is added.

In the glass-ceramic of the present invention, a
small amount of one or more of B203. Ca0, §Sro, Bao,
Tioz, SnO0 and Zro, may be added optionally to such a
degree that the addition of the optional ingredient will:
not impair the desired properties of the gzlass-ceramic.

As to the ratio of crystal phases of the glass-
ceramic substrate according to the invention, the ratio
of alpha-cristobalite/lithium disilicate is confined to
the range from 0.25 to 0.35. This ratio was determined
by observing the ratio of the respective crystal phases
on the basis of peak heights in XRD and using peak
planes of alpha-cristobalite ¢101) and Lithium
disilicate (130). This ratio is confined within the
range of 0.25 - 0.35 because it has been found as =2
result of numerous experiments that the 1ideal surface
roughness of the glass-ceramic substrate after polishing
within the range from 2 X to 10*2 can be abtained within
this specifié ratio of alpha-eristobalite to lithium

disilicate and alsc because, as is clearly shown in Fig.



The K[err]O I ngredi ent inproves nelting property of the

- 8- base gl ass and can be included up to the amount of 5% The MO
ingredient is an inportant ingredient which determnes the state of grown
crystal phases. Lf the amount of this ingredient is below 0.5% the
al pha- cristobalite phase grows excessively with resulting deterioration
I n abrasion resistance. I f the anounkOof— this ingredient exceeds 3% an
undesi rabl e al pha-quartz crystal phase grows and, noreover, the crystal
grains grow too rough with the result that a desired surface roughness
cannot be achi eved. The ZnO ingredient is added because it has an
equi val ent functlon to the MO Ingredient but the anmount of this
ingredient is Prest rPEf%ﬂIQ‘b tﬁésr*ﬁﬁgé"?rorﬁ ey, t d 9% f oSt heShafipd ¥

irﬁgfggeﬁ:alblnet Pﬁgl\l"/gg PEh “ggfnlag e é'éttrlﬁg‘%\ ‘[J 3 er o h@r %gglg %er%ﬁ’@
I'f the whereas a desirable surface characteristic with the
abrasion resistance index (Aa) of about 1§ or Eelow can
be achieved within the range from 0.25 to 0.35-‘

The glass-ceramic substrate according to the
invention has abrasion resistance index (Aa) between §
and 15, preferably between § and 12 whereby it has a
sufficient abrasion resistance for standing the contact
recording with the amount of lifting of the magnetic
head being maintained below 0.025 am, !

For manufacturing the glass-ceramic substrate for a
magnetic disk, the base glass having the above described
caomposition is subjected to heat forming and/er cold
forming, is heat ireated for producing a crystal nucleus
under a temperature within a range from 400 °C to 550 °C
and is further heat treated for crystallization under a
temperature within a range from 720 % to 820 °c.
Thereafter, the glass-ceramic which  has been
crystallized in this manner is lapped and polished in a
vell Known manner to surface roughness (Ra) after
polishing within a range from 2 A to 10 A.

Examples
Preferred examples of the glass-ceramic substrate

according to the invention will now be described.

Tables 1 to 6 show examples (No. 1 to No. 10} and



anount of this ingredient is below 1% the grains of the Ilithiumdislicate
and al pha-cristobalite crystal phases becone too rough with the result
that desired surface roughness and abrasion resistance cannot be

achieved. |If the amount of this ingredient exceeds 3%
devitrification occurs during formng oi the glass with the result that
grains of the grown crystal phases “betdmé t oo rough. The
Alferr]Jerr] ingredient inproves chem cal durability of the

gl ass-ceranic. I f the anbunt of this ingredient

-9- is below 1% this effect cannot be obtained whereas, if the anount

of this ingredient, ﬁ&?; %

det.eri orat ed. o %@%&g gr%f%%éﬁ%%uigﬂﬁﬁé ég%errﬁgﬂk éﬁ I ngrealents may
be added as refigy “Q:fa%ﬁlgﬁs#f‘xﬂP' folgedhetr WiehDPeA AT  hkaVhlbment
suffice if total of up to 2% of one or two of these ingredients Is added.

of the temperature of nucleation, temperature of

crystallization, main crystal! phases, grain diameter of

s
-

crystal grains, surface roughness (Ra) after polishing
and abrasion resistance index. The compositions of the
examples and comparative examples are expressed in

weight percent.



In the glass-ceramic of the present invention, a snall anount of one or
nore of B[err]derr], CaO SrO BaO Tiderr], SnO and ZrJerr] may
‘be added optionally to such a degree that the addition of the optional
ingredient will not jppair the desired properties of the glass-ceramc.

As to the ratio of crystal phases of the glass- ceranic substrate
according to the invention, the rat+ol 2f~al pha-cristobalite/lithium
disilicate is confined to the range fromO0.25 to 0.35. This ratio was
determ ned by observing the ratio of the respective crystal phases on the
basis of peak heights in XRD and using peak planes of

al pha-cristobalite (101) and lithium disilicate (130). This ratio
is confined within the range of 0.paple 19 35 pecause it has been found
as a result of numerous experinents that the ideﬁk ﬁ gguma roughness of
the gl ass-ceram c substrate after polishing wthi ¢ rrange from2 Ato
10 A can be obtained within this specyfic ratiojof alpha-cristgbalite to
lithium disilicate and al so because, as is clearly shown in Fig.

5102 82.0 80.0
i 7.0 i -£0.0
L120
' 1.0 2.0
A1203
Mgo 0.5 2.0
Zn0 1.0 0.5
: 5. ) 4.3
Kzo 0 |
3.0 1.0
Pgo5
-5 t
As,0, 0
- 0.2
Sb203

Other oxide

n&pleation temperature 450 x 4 480 % 5

( C X hounr)

crystallization temperature 720 x 2 800 x 1

{°C x hour)

crystal phase LizSiZO5 L125i205
alpha- alpha- .
cristobalite cristobalite

alpha-cristobalite/

lithium disilicate 0.30 0.28

grain diameter (am) 0.1 0.6

¢
surface roughness (Ra)(A) 3 7

ebrasion resistance index (Aa) (] 12



-.10 - 1, abrasion resi stance i ndex (Aa) IS sharply
deteriorated if the ratio is below 0.25 or exceeds 0.35 whereas a
.desirabl e surface characteristic with the abrasion resistance index (Aa)
‘of about 15 or bel ow can be achieved within the range fromO0.26 to 0.35. -
The glass-ceramc substrate according to the invention has abrasion
resi stance index (Aa) between 5 andl 35 —preferably between 5 and 12
whereby it has a sufficient abrasion resistance for standing the contact
recording with the ambunt of lifting of the nagnetic head being maintai ned

bel ow 0.025 [err]m For manufacturing the glass-ceram c substrate for
a magnetic disk, the base glass having.the_, above described conposition is
subj ected to heat form ng and/or cold Fn?ng, is heat treated for

produci ng a crystal nucleus under a tenperature ﬁ%&$§ &£ range from 400
[err]C to 550 [err]C and is further heat treated for crystallization under
a tenperature wthin a range fr 720 [errgC to 820 [arr] C

Thereafter, t he gl ass-ceram c i ch has been crystallized in
this manner Is | ed and polished in a well 78kpown manner 79t.0 surface
roughness (Ra) af%er -t :
Li .0 11.0 7.0
2
3.3 §.0
_AL,0,
Mgo ' 1.0 2.0
Zno 0.5 3.0
4.0 1.0
' 2.0 2.5
P05
: {
A5203
0.2 0.5
szoa

Other oxide

nycleation temperature 540 X 5 600 x 1

( °C 2 hour)

cgystallization temperature 780 x 2 800 x 5

( € X hour?

crystal phase Li,Si,04 Li,S1,0¢
alpha- alpha-

cristobalite c¢ristobalite

alpha-cristobalite/

1§ thium disilicate 0.25 0.28
grain diameter (zm) 0.6 0.8
/]
surface roughness (Ra)(A) T 8
9 10

abrasion resistance index (Aa)



Poalishing within a range from2 Ato 10 A Exanpl es Preferred
exanpl es of the glass-ceramc substrate according to the invention
will now be described. Tables 1 to 6 show exanples (No. 1 to No.
10) and conpar ati ve exanpl es (Conparative Exanples No. 1 and
No. 2) of conposition together with results of nmeasurenment of t he
tenperature of nucleation, temﬁhﬂﬁé‘of crystallization, main
crystal phases, grain dianeter of crystal grains, surface roughness (Ra)
after polishing and abrasion resistance index. The conpositions of the
exanpl es and conparati ve exanples are expressed in weight percent.

Table 3
Examples

No. 5 6
Sio2 75.0 79.3
Li,0 13.0 ©11.0
A1203 ' 5.0 3.5
Mg0 2.0 0.5
Zno 3.0 0.8
ons . 1.5 1.0

{
Aszo3 0.2
Sh203 0.5
Other oxide Zro2 1.0
nucleation temperature 400 x 4 540 x 2
(°C x hour)
cqystallization temperature 820 x 2 780 x 2.
{ C X hour)
crystal phase LiZSiZOS Li25i20s
alpha-~ alpha-

cristobalite cristobalite

alpha-cristobalite/

Lithium disilicate 0.28 0.26
grain diameter (m) 0.8 0.4
surface roughness (RaY (D) § 4

abrasion resistance index (Aa) 8 6



Table 1 Exanpl es

No. 1 2 SiJerr] 82.0
80.0 Lif[err]O 7.0 10.0
Alferr]Jerr] 1.0 2.0
0.5 2.0 ZnO 1.0
0.5 Klerr]O — 15 =50 4. 3 Plerr] 06
3.0 1.0 As [err]derr] 0.5
Sb[err]derr] 0.2 Oher oxide
nucl eati on tenperature 450 x 4 480 x 5 (O[err]C x
hour) crystallization tenperature 7?%{ 2 800 x 1 ([err]C x
hour) crystal phase a ?[%rr]Si[err]C{err] '
Liferr]Si[err](err] pha-
al pha- cri st obal Ff(gmp%:rl stobalite
No. 7 8
SiO2 ' 76.3 82.0
Li,0 12.0 - 1.0
A1203 4.0 1.0
Mg0 0.5 0.5
Zno 1.0 1.0
Kzo 4.0 5.0
PZOS 1.0 2.0
Aszo3 !
$b,0, 0.2 : 0.5
’ Other oxide Ti0, 1.0 Cad0 0.5
BaO 0.5
nqpleation temperature' B50 x § 540 % 2
( C x hourn)
c§ystalllzation temperature 770 x § 770 x 3
( C X hour)
erystal phase LiZSi2°5 LiZSiZO5
alpha- . alpha-

cristobalite cristobalite

alpha-cristobalite/

lithium disilicate 0.34 0.30

grain diameter (nm) 0.7 0.5
v

surface roughness (Ra)(A) 8 T

abrasion resistance index (Aa) 10 8



al.pha-'cri stobalite/ lithiumdisilicate 0. 30

0.25 grain dianeter ([err]m ' 0.1 0.6 surface
roughness (Ra) (A 3 7 abrasion resistance
i ndex (Aa) 6 12 - 13 -
Table 2 Exanpl es
No. 3 4 STOE&T 78.0
79.0 Lif[err]O 11.0 7.0
Alferr]Jerr] 3.3 5.0 MO
1.0 2.0 zZnO : 0.5
3.0 K20 . : 1.0
Plerr]Jerr] 2_16ab14e% 2.5 As[err](err]
Sb[err]derr] 0.2 Examppe§ QO her oxide
No. 9 10
Sio2 . 79.5 '78.0
Li,0 ' 10.0 " 1.0
Alzoa 3.0 2.0
Mg0 ' 0.5 2.0
Zno 2.0 1.0
X,0 _ 2.0
P,0¢ 2.5 3.0
A3203 0.5 ]
Sb203 . 0.5
" Other oxide B,0, 1.0 Sn0 0.5
Sro 1.0
nucleation temperature 500 ¥ 4 ' 480 X §
(C x hour)
P crystallization temperature 820 x & 750 x 2
i (°C % hour)
crystal phase lesi o Li281205
alpha- alpha-

cristobalite cristobalite

: alptia~cristobalite/

lithium disilicate 0.30 0.25
grain diameter (am) 0.8 0.2
| surface roughness (Ra)(x) 9 3
| abrasion resistance index (Aa) 7 6



nucl eati on tenperature

500 x 1 ([err]C x

800 x 5

Liferr]Si[err](err]

540 x 5
hour) crystallization tenperature 780 x 2
X hour) crystal phase
Li[err]Si[err] 06 al
cristobalite cristobalite al pha-cristobalite/
0.25 0.28 grain dianstet7([®err]m
0.8 surface roughness (Ra) (A 7
resi stance i ndex (Aa) 9 10
- 14 - Tabl e 3
Exanpl es No 5
Sigerr] 751gble 6
13.0 11.0 Aferr]gerr]
3.5 MO
Na. 1
Sio2 73.0
A1203 5.0
Mgo 4.0
Zn0 0.5
K,0 4.0
As,0, 0.8
§5,0,
Other oxide Sro0 1.0
n%cleation temperature §00 x 2
(°C x hour)
cgystallization temperature 800 x 5
(°C x hour)
erystal phase LiZSiZO5
alpha-
gquartz
alpha~cristobalite/
lithium disilicate -
grain diameter (um) 1.3
surface roughness (Ra)tg) 38§
abrasjon resistance index (Aa) 20

pha-

0.6

8 abr asi on

([err]C

al pha-

l[ithiumdisilicate

6

79.3 Li[err]O
5. OCampara tive Examg?%g

Nazo 1.

Tio 1

2
6§00 x 3

800 x 5

LiZSizo5

alpha-

0
-0

cristabalite

0.15
2.0
1§
21



ZnO 3.0 0.5 K20

3.0 Plerr]derr] 1.5 1.0
As[err](err] 0. 2 Sb[err]Jerr]
0.5 O her oxide ' Zro[err] 1.0

nucl eati on tenperature 400 x 4 540 x 2 ([err]C x
hour) crystallization tenperature™ 1820"x 2 780 x 2 ( [err]C x
hour) crystal phase Li[err]Si[err](err]
Li[err]Si[err](err] al pha-

al pha- cristobalite cristobalite

al pha-cristobalite/ at e

i h|un1d| C . L2 .
0.26 grain dianeter FI ?ac{urlng the glaﬁgéceramlc subsQraggi %ﬁrface

rggggn(ez;)(Ra) gA)the above §escribed6 examples, 4 naPLAshn riﬂ?lﬁ&?‘lpfe

oxides, c¢arbonates and nitrates are mixed and molten in
a conventional melting appratus at a temperature within
the range from about 1350 C to about 1500 ) C- The
molten glass is stirred to homogenize it and thereafter
formed into a disk shape and annealed to provide a
formed glass. Then, this formed glass is subjected to
heat treatment to produce the crystal nucleus -under a
temperature within the range from 400 °C to 580 “C and
is subjected to a further heat treatment for?
erystallization under a temperature within the range
from ‘720 °C te 820 °C for about one to five hours to
produce the desired glass-—ceramic. In producing a test
piece for measuring surface raughness, such test piece
is made hy polishing the above described glass-ceramic
with an abrasive having an average grain diameter of 9 -
12 am for about ten to twenty minutes.

Abrasion resistance index used in this
specification and claims is measured by employing a
method designated by the Japan Optical Glass Industry
Association. More specifically, a test piece consisting
of a square glass plate having the size of 30 x 30 x 10
mm is placed at a designatéd location which is distant
by 80 mm from the center on a flat disk having a

diameter of 250 mm made of cast iron which is rotating



Table 4

Exanpl es
No. 7 8 Siderr]
76.3 . 82.0 Li[err]O ' 12.0
7.0 Aferr](err] 4.0 1.0 MO
0.5 0. 5 znO 1.0
1.0 Klerr]O | - 19 =40 5.0
Plerr]g err] 1.0 2.0 As[err](err]
Sb[err]Jerr] 0.2 0.5 Oher oxide

Tigerr] 1.0

Bao 0.5 nucl eatﬂinonat em@{?ﬁtn%rﬁele&g ane at 8.5?977%’0150)(" gpeed of5490X 1‘2?’{) X 3

crystalliza

[err] C x hour)
([err]C x hour)

CaO 0.5

I on erature

Th¥dl @l wRDAS€ a vertical load of 9.8 N kﬁfk#§h[?£r]§lfﬂgﬂ
alpha-

Li[err]Si[err](err]

al pha- applied, water of 20 ml a8déstwbal iteeg 6k 88663 dfFing
al pha-cristobalite/ lithiumdisilicate 0.34

0.30 grain dianemateffslr]fglumina A abrasiveD. laving an averageO.grain
surface roughness (Ra)(A) 8 T

size of 20 nm is uniformly supplied for five ;3nutes to
cause abrasion to the test piece. Mass of the test
piece before the lapping operation and that after the
lapping operation are measured to obtain mass of
abrasion. Likewise, mass of abrasion of a reference
test piece designated by the Japan Opfical Glass
Industry Association is measured and a value which is!
calculated by the following equation is used herein as
the abrasion resistance index (Aa):
mass of abrasion of test

Abrasian resistance piece/specific gravity
index (Aa)

]

X 100

mass of abrasion of

reference test piece/

specific gravity

'As shown in the tables, the glass-ceramics of the
exXamples of the present invention exhibit surface
-4 .

roughness (Ra) of 10 A or below and has an improved
surface property as compared with the comparative
examples. Moreover, the example of the present
invention exhibit a very small abrasion resistance index

6f 12 or below, shoving ‘that they have an excellent

abrasion resistance.



abr asi on resistance index (Aa) 10 8
Ex;ﬁp[es S . No.Table ° 9 10
Siqlerr] Hll\ll”“‘“l“l\“!\! “L!il‘[ o 79. 5 78.0 Li[err]O

2.0 Mferr] 0.5 2.0 2ZnO
.0 1.0 Kferr]O

2.0 Plerr]Jerr] 3.0 As O

0. 5 As[err](err] Sbl[err](err]

0.5 Oher oxide what is claimed is: bBlerr]Jderr] 1.0 SnO 0.5

SrO 1.0 nucleation tenperature 500 x 4 480 x 5

([err]C x hour) rrystal lgiagsi-oerimiperaiugtrate 820rx & magnetic disk 750

X 2 camprising alpha-cristobalite (alpha—Sioz) and lithium
disilicate (Lizo . 2Si02) as main crystal phases
characterized in that the ratio  of ~  alpha-
cristobalite/lithium disilicate is within a rTange {rom
0.2 to 0.3, a grain diameter of crystal grains is
within a range from 0.1 um to 1.0 um, surface roughness
(Ra) .of the substrate after polishing is within a range
from 2 A ta 10 A and abrasion resistance index (Aa) of
the substrate is within a range from § to 15. ¢
2. A gl;ss-ceramic substrate as defined in claim 1

formed by subjecting to heat treatment & base glass

wvhich consists in vweight percent of:

SiO2 75 - 83%
Li20 T - 13%
A1203 1 - BX
Mg0 0.5 - 3%
Zno 0.8 - 3%
K20 0 - 5%

As,o3 and/or szoa 0 - 2x.



(LerrIC x hour) crystal phase Li[err]Si[err](err]

Li[err]Si[err](err] al pha-

al pha- cristobalite cristobalite

al pha-cristobalite/ lithiumdisilicate v 0. 30

0.25 grain dianeter ([err]m - 21 - 0.8 0.2
surface roughness (Ra) (A 9 3 abrasion
resi stance i ndex (Aa) 7 6

- 17 - Table 6

Conpar ati ve Exanpl es No. 1

2 SiJerr] ~ Abstract of the Disclos®Be0 76.0 Lif[err]O
8.0 9.7 AI}err]QerrJ 5.0 .
3.5 MO A glass-ceramic subsprate for a magpetic sk

0.5 Klerr}O 4.0 3.5
[ ] suitable for use as a contact recording type magnetic

disk includes alpha-crigstobalite talphavSioz) and

2
The ratio of alpha-cristobalite/lithium disilicate ’is

lithium disilicate (Li,O -25102} as main crystasl phases. ’

within a range from 0.25 to 0.35, a grain diameter of
erystal gra;ns is within a range from 0.1 nm to 1.0 am,
surface rodzhness (Ra) of the substrate after polishing
is within a range fromzx to 10 A and abrasion

resistance index (Aa) of the substrate is within a range

from § to 15.

O’ Teo023%— Q

! T

This Sheet Has

- Wi



P[.err]‘qerr] 4.0 3.5 As[err]Jerr]
0.5 0.3 Sb[err](err] Oher oxide

1.0 ' Na[err]O 1.0

Tidgerr] 1.0 nucleation tenperature 500 x 2 500 x 3

([err]C x hour) crystal l'ization tenperatyse 800 x 5 800 x
5 X hour) crystal phase Li[err]Si[err]Jerr]

Li Si O al pha- al pha-

quartz cristobalite alpha-cristobalite/ lithiumdisilicate

0.15 grain dianmeter ([err]m 1.3 2.0 surface

roughness (Ra)(A) 35 15 abrasion resistance

i ndex (Aa) 20 01 48 For manufacturing

the gl ass-ceranmic gubstratess of the above descN bed ewanples,

materials including r T T T
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oxi des, carbonates and nitrates are mxed and nolten in a conventional
nmelting appratus at a tenperature within the range from about 1350
[err]C to about 1500 [err]C. The nolten glass is stirred to honpgeni ze
it and thereafter fornmed into a disk shape and annealed to provide a
faormed glass. Then, this formed glass g2 subjected to heat treatnent to
produce the crystal nucleus under a tenperature within the range from 400
[err]Cto 550 [err]C and is subjected to a further heat t r eat ment
for crystallization . _ L S S rom 720 C to
820 [err] C for about red

gl ass-ceram c. In pr Rurface
roughness, such test p @descri bed
glass-ceramc W th anjs meter of 9 - 12
[err]mfor about ten t|# fesi st ance

I ndex used I n t red by enpl oying
a nethod designated @\ssoci ation. Mre
specifically, a test ate having the
size of 30 x 30 x 10 B which is
distant by 80 mmfro jgdi aneter of 250
mm made of cast iron '
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on a horlzontal

plane'at a rotation speed of

vertical load of 9.8 N (I kgf) is being app
10 g of #800 |apping nmaterial (alum na A abr
size of-20 [err]mis uniformy supplied for f
abrasion to the test piece. Mss of +Be-t

s
&“g i HBQ qweé’éﬁu

ﬁb?‘@‘&?e béﬂ%‘r%ﬁvh‘é ﬂ“éﬁb’r ng

operation and that after the |lapping operatjon are neasured ‘éﬂ épbtal
mass of abrasion. Likewi se, mass of abrasi DATBf OR RE@EEREH%% q st
pi ece designated by the Japan ﬁﬁﬁlcal ass  Industry Assocration 1s

‘measured and a vdliddeyfifonthe 1nvgn

|

tic Disk
‘mass of abrasion of tdst8 ﬂff%s‘f%‘??'?'e% Yahce pi ece?%r[l)%cff i clgraw ty
i ndex (Aa) x 100
mass of abrasion of ref erence test piecel

Abstract of the Disclosure

A glass-ceramic substrate for a magnetic disk
suit;ble for use as a contact recording type magnetic
disk includes alpha-cristobalite (alpha-8i0,)} and
lithium disilicaté (Li20 -25102) as main crystal phases.
The ratio of alpha-cristobalite/lithium Aisilicate is
within a rangé from 0.25 to 0.35, a‘grain diameter of
crystal grains is within a range from 0.1 nm to 1.0 nm,

surface roughness (Ra) of the substrate after polishing

is within a range from 2 A to 10 £ and abrasion

resistance index (Aa) of the substrate is within a range.

from 5 to 15. (Figure 1)

ed by the follow ng equation is used
hereln as the abrasion reS|stance i Xbéf?gte for.



Ispeeffic?gravity As shown in the tables, the glass-ceramcs of the
‘exanpl es of the present invention exhibit surface roughness (Ra) of
10 A or below and has an inproved surface property as conpared wth

the conmparative exanples. Mor eover , the exanple of the
present invention exhibit a very small gbgasion resistance index of 12 or
bel ow, showi ng that they have an excell abr asi on resistance.
What is clainmed is: 1. A glass-ceramic substrate for a magnetic
disk conprising alpha-cristobalite (alpha-Sigerr]) and |ithiun
disilicate (Liferr]O}. 2SiJerr]) as main crystal phpsgs
icharacteri zed in t hat t he ratio of al pha-
lcristobalite/lithiumdibilicate is within a range from 0.25 tp 0.35, a
igrain diameter of crystpl grains is within arange from0.1 [prrlmto 1.0
[err]m surface roughness
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(‘Ra) of ‘the substrate after polishing is within a range from 2 Ato 10 A
and abrasion resistance index (Aa) of the substrate is wthin a range
from5 to 15. 2. A glass-ceranmic substrate as defined in claim 1
formed by subjecting to fReat treatnent a base glass which consists in

wei ght percent of: Sigerr] 2/2 75 - 83%
Liferr]O 7 T 1I3% A [err]Jerr]

1 - 5% ZnO 0. 5- 3% Klerr]O
0 - 5% As[err 0 - 2%

Kea 580

5925 15KU

|




