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PROCESS FOR MANUFACTURING A CRYSTALLIZED (»py

GLASS SUBSTRATE FOR MAGNETIC DISCS \/

Background of the Invention

1. Field of the Invention

The present invention relates to a process for
manufacturing crystallized glass substrates for magnetic
disks.
2. Description of the Prior Art

Main component elements of magnetic storages
Buch as computers or the like are magnetic recording
media and magnetic heads for reproducing magnetic
records. As a material for hard disk substrates as the
magnetic recording media, mainly aluminum alloys have
been extensively employed. However, the flying height
of the magnetic heads has been noticeably decreased with
recent miniaturization of hard-disk drives.
Consequently, a smoothness with extremely a high
pracision has bean being required with respect to the
surface of the magnetic disks. 1In general, the maximum
height of the ruggedness on the surfaces of the magnetic
disks should not exceed a half of the flying height of

the magnetic disks. For example, in hard-disk drives

with a £lying height of 75 nm, the allowable maximum
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Bescription of the Prior Art Mai n conponent el enents of nagnetic
storages such as conmputers or the |like are magnetic recording nedia and
magneti c heads for reproducing nagnetic records. As a material for hard
di sk substrates as the magnetic recording nedia, mainly alum num all oys
have been extensively enployed. However, th& {1ying height of the
magneti ¢ heads has been noticeably decreased with recent mniaturization
of hard-disk drives. Consequently, a snobothness with extrenely a high
preci sion has been being required with respect to the

height of the ruggedness on the surfaces of the disks
must be less than 38 nm. Particularly, recently, it has
been required to restrict the Center-line Mean Roughness
(Ra) defined in JIS B 0601, within 20 angstroms or less,
in the read/write zone on the substrates of the magnetic
disks. However, in the case of aluminum alloy
substrates, their hardness is so low that ground
surfaces are susceptible to plastic deformation, even
when an abrasive finishing is conducted using abrasive
grains and machine tools with a high precision.
Therefore, it is difficult to produce flat surfaces with
a precision higher than a certain level. Even if the
surfaces of the aluminum alloy substrates are plated
with nickel-phosphorus, flat surfaces on a level as
mentioned above would not be able to be formed.
Furthermore, with recent progress of the
miniaturization and thickness-reduction of hard-disk
drives, it has been strongly demanded to decrease the
thickness of the substrates for magnetic disks.
However, since aluminum alloys have low strength and
stiffness, it is difficult to decrease the thickness of
the disks as maintaining a predetermined strength which
is required from the specification of the hard-disk
drives, Particularly, when the substrates for magnetic
diske are finished to be 0.5 mm thick or less, problems

are posed such that the substrates may warp due to the
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ruggedness on the surfaces of the magnetic disks should not exceed a half
of the flying height of the magnetic disks. For exanple, in hard-disk
drives with a flying height of 75 nm the all owabl e maxi num

- 2- hei ght of the ruggedness on the surfaces of the disks must be
| ess than 38 nm Particularly, recently, it-R8as

deficiency of the strength thereof or the surfaces of
the substrates vibrate during high speed revolving or at
the start-up of the apparatus.

In order to solve the above problems,
substrates for magnetic disks, which are made of glass
material, have been partly put to practical use.
However, since the substrates for magnetic disks for EDD
require particularly a high strength, it is necessary to
use tempered glasses such as chemically tempered
glasses, glass-ceramics or the like. By using these
materials, magnetic recording surfaces having an
extremely small Ra of 20 angstroms or less can be formed.

Examples of the glasses for constituting the
substrates for magnetic diaks include chemically
tempered glasses such as soda lime glasses or the like,
crystallized glasses, non-alkali glasses and alumino-
silicate glasses. Amongst the above, the chemically
tempered glasses and crystallized glasses are preferred
in view of high strength thereof.

Particularly, the crystallized glasses, since
their hardness and bending strength are uniform, are
more excellent in reliability in strength than the
chemically tempered glasses. It is much preferred
particularly when the thickness of the substrates for
magnetic disks is reduced to 0.5 mm or less, as &

desired strength is maintained.
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1S B 0601, within 20 angstrons or |ess, in the read/wite zone on the
substrates of the magnetic di sks. However, in the case of alum num all oy
substrates, their hardness is so | ow that ground surfaces are susceptible
to plastic deformation, even when an abrasive finishing is conducted
usi ng abrasive grains and machi ne tools wi4h a high precision.
Therefore, it is difficult to produce flat surfaces with a precision
hi gher than a certain level. Even if the surfaces of the alum num all oy
substrates are plated wi t h ni ckel - phosphorus, flat surfaces on a |l evel as
menti oned above woul d not be able to be forned. |
However, in mass-production of such substrates
for magnetic disks made of a crystallized glass, the
following problems have been realized. Namely, in
conventional manufacturing processes, for example, when
glass substrates having a diameter of 65 mm are
produced, at first, a mass of molten glass is cast into
a mold and pressed to provide an amorphous glass disk-
shaped body about 1.2-1.5 mm thick. Alternatively, a
columnar shaped body of amorphous glass is cut into
disk-shaped plates of amorphous glass, and further, if
required, the plates of amorphous glass is ground or
abzraded to provide a glass disk about 1.2-1.5 mm thick.
These plates of amorphous glass are heated to
crystallize and semi-finished products before abrasive
finishing (the so-called "blanks") are produced. And
then, both surfaces of the blanks are abrasive-finished,
namely, both the top and bottom surfaces of the blanks
are concurrently lapped and polished to provide f£inished
crystallized glass substrates for magnatic disks, for
example, 0.635 mm thick.
Namely, in order that the semi-finished
products (blanks) obtained by crystallizing an amorphous
glass are finished into final products (crystallized
glass substrates for magnetic disks), a half or more,

indeed, of the thickness of the blanks must be removed

by abrasion. Moreover, the hardness of the glasses
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t hi ckness-reduction of hard-disk drives, it has been strongly demanded to
decrease the thickness of the substrates for magneti c di sks. However,
since alum num al |l oys have |ow strength and stiffness, it is difficult to
decrease the thickness of the disks as naintaining a predetern1ned
strength which is required fromthe specifit®ation of the hard-disk
drives. Particularly, when the substrates for magnetic disks are finished
to be 0.5 mmthick or less, problens are posed such that the substrates
may warp due to the

after crystallization is appreciably higher than that
before crystallization, so that it takes a long time to
abrade the blanke. Consequently, a problem such as a
remarkable increase in the cost of production has
arisen. Naturally, in order to decrease this cost, it
is preferred to f£inish glasses as thin as possible when
they are in the amorphous state. However, in the case
where the crystallization is merely conducted in this
stata, glass plates may warp on the stage of
crystallization and it is almost impossible to rectify
the warp by maeans of abrasion of both surfaces of the
plates. Moreover, the thinner the blanks are made, the
more increase difficulties in the rectification of the
warp. Therefore, in conventional processes, blanks have
been produced necessarily by crystallizing an amorphous
glass plate having a thickness of a certain extent (i.e.
a thickness of about 1.2-1.5 mm}.

Additionally, the degree of flatness required
for magnetic disk substrates, for aexample, having a
diameter of €65 mm is generally 5 um or less across the
diameter.

summary of the Invention

The object of the present invention is to solve
the above-mentioned probleme by substantially decreasing
abrasion losses of crystallized glass plates after

crystallization and improving the cost of production of
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vi brate during high speed revolving or at the start-up of the apparatus.
I'n order to solve the above problens, substrates for magnetic disks, which
are made of glass material, have been partly put to practical use.

However, since the substrates for magnetic disks for HOD require
particularly a high strength, it is necessar§-to

the crystallized glasses.

The above object is achieved, according to the
present invention, by a process for manufacturing
crystallized glass substrates for magnetic disks, which
process is characterized by comprising the sequential
steps of:

holding an amorphous glass plate having
substantially a uniform thickness and two principal
surfaces thereof between a pair of pressing setters each
having a flat surface, in a fashion that each of said
principal surfaces of the amorphous glass plate is
brought into contact with said flat surface of the
pressing setter, said pressing setters being non-
reactive with said amorphous glass and undeformable
during crystallization by heating of said amorphous
glass;

softening sald amorphous glass plate in the above
state by heating at a temperature above an annealing
point of a glass material of said amorphous glass,
whereby said principal surfaces of the amorphous glass
plate are firmly fitted onto said flat surfaces of said
pressing setters, respectively, to rectify warping of
said amorphous glass plate;

then, increasing the temperature of said amorphous
glass plate to a crystal growth temperature to grow

crystals within said glass material, thereby to
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ar the like. By using these materials, nmagnetic recordlng surfaces having
an extrenmely small Ra of 20 angstrons or |ess can be forned.

Exanpl es of the glasses for constituting the substrates for magnetic disks
I nclude chemcally tenpered glasses such as soda |inme glasses or the |ike,
crystallized gl asses, non-alkali glasses and7al umi no- silicate gl asses.
Anongst the above, the chemcally tenpered glasses and crystallized

gl asses are preferred in view of high strength thereof.

Particularly, the crystallized glasses, since their hardness and bendi ng

strength are unlfqéggséailiza said amorphous glass plate as maintaining
its warp-free state, followed by solidifying the
crystallized glass plate.

Namely, according to the present invention, the
glass plate is abraded when the glass is in the amorphous
state, that is, relatively low in the hardnegss and so
being readily abradable, then this amorphous glass plate
is readily finished to have a uniform thickness close to
an objective thickness of crystallized glass substrates
for magnetic disks, i.e. f£inal products, and the
amorphous glass plate is crystallized simultaneously
with improvement in flatness thereof, i.e,, rectifi-
cation of any warp present in the amorphous glass plate
after abrasion. Thus, abrasion losses can be extremely
decreased in processes of finighing the so-called blanks
having an increased hardness after crystallization into
the final products.

Through the specification and appended claims
of this invention, the phrase "“substantially a uniform
thickness" with respect to the amorphous glass plate,
should be understood to mean the deviation of the

thickness being within £10 /m.

Brief Description of the Drawing
The above and other objects, features and

advantages of the present invention will become more

}
apparent from reading the following description of the
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more excelient ' |m°Heri 'ty ITn strength than the chenibafly %enpered ‘

gl asses. It is nuch preferred particul arly when the thickness of the
substrates for nmagnetic disks is reduced to 0.5 mmor less, as a desired
strength i s maintained. -4-

However, in mass-production of such substrates

preferred embodimeants taken in connection with the
accompanying drawings, whereing-

Fig, la is a slant view schematically showing a
process for cutting out disk-shaped bodies having a
predetermined thickness from a large-size columnar
shaped body 1;

Fig. 1b is a slant view schematically showing
an operation of abrasion conducted with a jig held
between a grinding wheel 4A on a top force 3A and a
grinding wheel 4B on a bottom force 3B;

Fig. lc is a cross-sectional view schematically
showing & grinding operation ¢f the outer and inner
circumferential portions of a shaped body after
abrasion;

Fig. 2 is a schematic view showing a heat
treatment furnace which is suited for mass-productien;

Fig. 3a is a plan view showing an amorphouse
glass plate 12;

| Pig. 3b shows graphs each depicting a profile
of an abraded surface of the amorphous glass plate 12;

Fig. 3c shows graphs each depicting a profile
of another abraded surface of the amorphous glass plate
12; |

Fig. 4a shows graphs each depicting a profile
of an abraded surface of a substrate after crystallizing

treatment; and
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have been realized. Nanely, in conventi onal nanufacturing processes, for

exanpl e, when gl ass substrates having a dianeter of 65 mmare pr oduced,
at first, a nmass of nolten glass is cast into a nold and pressed to
provi de an anorphous gl ass di sk- shaped body about 1.2-1.5 mmt hick.

Al ternatively, col umar shaped body of arrphous glass is cut into

di sk- shaped pl ates of anorphous glass, and further, if required, the
pl ates of anorphous glass is ground or abraded to provide a glass disk
about 1.2-1.5 nmthick. These pl ates of anorphous glass are heated to
crystallize and sem - flnlshed products befoLe abr asj

Pig. 4b shows graphs each éapicting a profile

of another abradad surface of the substrate.

Description of the Preferred Embodiments

At first, molten glass is cast into a mold and
cooled to produce a columnar shaped body. The shaped
body is cut with a bandsaw, jig saw, inner dlameter blade
slicing machine, or the like, to produce disk-shaped
amorphous glass plates. In Fig. la, a method for
cutting with a bandsaw is schematically shown.,

A columnar large-size shaped body 1 has a pair of
parallel end surfaces 1lb and a eylindrical surface la.
Cutter blades 2 are forced into the shaped body 1 from
the cylindrical surface la along the direction parallel
with each end surface lb as shown by the arrow A, to cut
out a disk-shaped bodies having a predetermined
thickness.

A cutter device to be employed here is
adequately selected from those described above., If the
disk-shaped amorphous glass plates obtained by cutting
have little deviation of thickness, the glass plates can
be delivered directly to the crystallization step,
without neceseitating a subsequent step of grinding- or
abrasive-finishing, Both the cut surfaces of the thus
obtained disk-shaped amorphous glass plates are ground
or abrasive-finished to remove the ruggedness formed on

the cut surfaces when cutting, and thus amorphous glass
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of the blanks are abrasive-finished, nanmely, both the top and bottom

surfaces of the bl anks are concurrently | apped and polished to provide
finished crystallized gl ass substrates for magnetic disks, for exanpl e,

0. 635 nm t hi ck. Nanely, in order that the sem -finished products

(bl anks) obtained by crystallizing an anorphd@®@s glass are finished into

final products (crystallized glass substrates for magnetic disks), a half

or nore, indeed, of the thickness of the blanks nust be renoved by

abrasi on. Mreover, the hardness of the gl asses

plates of a uniform thickness having two principal
surfaces are provided.

The grinding- or abrasive~finishing method in
this stage is not specifically raestricted. However, in
general, as shown in Fig. lb, each of the amorphous
glass plates 6 can be ground into a predetermined
thickness, by holding a carrier 5 between a grinding
wheel 4A on a top force 3A and a grinding wheel 4B on a
bottom force 3B, fixing each of the cut amorphous glass
plates 6 on the carrier 5 and revolving the carrier 5 in
the direction shown by the arrow B.

In the present invention, the crystallized
glass substrates for magnetic disks are manufactured by
crystallizing the amorphous glass plates which have been
abrasive- or grinding-finished to have a predetermined
thickness, and then subjecting the resulting
crystallized glass plates to a £inal abrasive-processing
(lapping or polishing), 1In order to decrease final
abrasion losses as much as possible, it is preferred
that the difference in thickness between the finished
amorphous glass plate and the final product, i.e., a
crystallized glass substrate for magnetic 8isks, is made
to be 0.1 mm (100 um) or less, more preferably, 0.05 mm
(S50 um) or less. In other words, it is preferred to
use an amorphous glass plate thick enough to allow an

abrasion loss of thickness within 100 um, preferably
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crystallization, so that it takes a long tine to abrade the bl anks.

Consequent |y, a problem such as a renarkable increase in the cost of
production has arisen. Naturally, in order to decrease this cost, it
preferred to finish glasses as thin as possible when they are in the
anor phous state. However, in the case -11-

within 50 um, in abrasive- or grinding~processing of
the crystallized glass plate. For example, when the
cryetallized glass substrate for magnetlc disks has a

diameter of 65 mm, the thicknase of the final products

S

is typically 0.635 mm., 1In this instance, the thickness

of the tinished amorphoug glass plate is preferred to be

at most 0.735 mm, more preferably at most 0.685 mm.
Purthermore, the thickness of the finished

amorphous glass plates is preferred to be uniform,

having a deviation within %10 .m., Additionally, in

this invention, since warp (i.e., unevenness) is

rectified in the subsequent step {(l.e., crystallization

step), the warping of the amorphous glass plate in this

stage is nothing to care about.

Next, the amorphous glass plate ground or
abraeive-finished is held between a pair of preseing
gsetters made of carbon, each having a flat surface of
flatness of 10 um or less {preferably, 5 um or less)

over its width of 65 mm, to form a sandwiched body.

This sandwiched body is put into an oven with a nitrogen

atmosphere ingside and heated to a crystallization

temperature so that the amorphous glass may be once

softened and fitted firmly onto the flat surfaces of the

carbon pressing setters, whereby warp is rectified, and

then gradually crystallized as the rectified shape is

maintained until solidification.
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may warp on the stage of «crystallization and it is alnbst inpossible to
rectify the warp by nmeans of abrasion of both surfaces of the plates.
Mor eover, the thinner the blanks are nade, the npre increase difficulties
in the rectlflcatlon of the warp. Therefore, in conventional processes,
bl anks have been produced necessarily by th%taII|Z|ng an anor phous gl ass
plate having a thickness of a certain extent (i.e. a thickness of about
1.2-1.5 mm). Additionally, the degree of flatness required for
magneti c di sk substrates, for exanple, having a dianmeter of 65 nmis
generally 5 pmor |ess across the
In this instance, carbon 1s employed as a
material for the pressing setters, so that when the
amorphous glass plate is sandwiched with a pair of
pressing setters and heated to soften in an inert
atmosphere, the carbon pressing setters would not react
with the amorphous glass plate, and moreover, since the
carbon materiazl has a low hardness, when the surface of
the pressing setters is finished to be made flat, a high
flatness can be readily obtained by abrasive-finishing.
Furthermore, as the material for the pressing setters,
use may be made of any materials other than carbon, as
far as they neither react with nor bond to the glass and
are chemically and mechanically stable at
crystallization temperatures. Materially, such as
carbon~coated ceramics, can preferably be used.
Furthermore, in this instance, since nitrogen,
i.e., an inert atmosphere, is used inside the oven,
deterioration of the pressing setters induced by a
reaction between the carbon and oxygen during heating is
effectively prevented. Prom this viewpoint, the
atmosphere alsoﬁmay be a reducing atmosphere.
In addition, the practical substrates for
magnetic disks require finishing for providing the outer
diameter of the substrates with accuracy and boring a
round aperture for setting in the centar of the disks.

Furthermore, it is necessary to chamfer the ocuter
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the present invention is to solve the above-nentioned problens by
substantially decreasing abrasion |osses of crystallized glass plates
after «crystallization and inproving the cost of production of

-6 - the crystallized gl asses. 15

circumference of the disks and the inner circumference
of the round aperture (not shown). BSuch processing can
be conducted in either state of amorphous glass or
crystallized glass. However, since amorphous glass is
easier to process as compared with crystallized glaas,
it is preferred that the above processing is conducted
in the state of amorphous glass.

Fig. lc is a cross-section schematically
showing an operation of finishing the outer and inner
circumferences of an amorphous glass plate before
crystallization. The flat surface to be abraded of a
shaped body 9 is made to face a proceesing tool 7.

The processing tool 7 is attached with ring- or annular-
shaped diamond wheel BA and inner diamond wheel 8B.

The surface to be abraded is brought into contact with
the grinding wheels and the processing tool 7 is
revolved, for example, in the direction shown by the
arrow C. Thereby, an outer peripheral portion defined
by the broken lines 10 of the shaped body 9 is removed
and the outer peripheral dimension of the shaped body is
controlled according to a predetermined specification.
Simultaneously therewith, a central portion defined by
the broken lines 1l is removed to form a round aperture
having predetermined shape and dimension.

Alternatively, in the case where the crystalli-

zation of the amorphous glass is conducted on a large
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process for manufacturing crystallized glass substrates for nagnetic

di sks, which process is characterized by conprising the sequential steps
of : hol di ng an anorphous gl ass plate having substantially a uniform

t hi ckness and two principal surfaces thereof between a pair of pressing
setters each having a flat surface, in a fa34i-on that each of said
princi pal surfaces of the anorphous glass plate is brought into contact
with said flat surface of the pressing setter, said pressing setters being
non- reactive with said anorphous glass and undef or mabl e

scale, it is necessary to treat continuously a number of
amorphous glass plates, as a whole, simultaneously.
Accordingly, it ie preferred that flat-shaped pressing
setters are used, these pressing setters and amorphous
glass plates are alternately stacked to form a multi-
layered body and a number of the multi-layered bodies
are treated as a whole in the oven. Alternatively, it
is also preferred that a tunnel furnace is used for
continuously treating a number of the multi-layered
bodies traveling therethrough. In Fig. 2, such a mass-
productive process is schematically shown.

In the heat treatment furpace shown in Fig. 2,
an upper oven 1l5A is provided therein with a heater 16A
and a lower oven B is provided therein with a heater
168, Each multi-layered body, 1BA, 18B, 18C or 18D, is
composed of pressing setters 17 and amorphous glass
plates 12 alternately stacked between the pressing
setters. On the top and the bottom of the multi-layered
body, the pressing setters 17 are arranged, respectively.
The multi-layered bodies can travel towards the
direction shown by the arrow E, by transfer means not
shown, such as a conveyor or the like. The temperature
inside the furnace is controlled according to each
condition in the steps of heating up from room
temperatures, heating up to temperatures above an

annealing point, and heating up to crystallization
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sai d anorphous glass plate in the above state by heating at a tenperature
above an annealing point of a glass material of said anorphous gl ass,

whereby said principal surfaces of the anmorphous glass plate are firmy

fitted onto said flat surfaces of said pressing setters, respectively, to
rectify warping of said anorphous gl ass pl-akfes then, increasing the
tenperature of said anorphous glass plate to a crystal growth tenperature

to grow crystals within said glass material, thereby to

temperatures, of the multi-layered bodies.

The obtained blanks made of crystallized glass
are finighed by conventional lapping and polishing to
provide crystallized glass substrates for magnetic disks
with predetermined thickness, flatness and surface
roughness.

Examples of the crystallized glass suited for
manufacturing the substrates for magnetic disks
according to the present invention include Li 0-Al203-
§i03-based crystallized glasses or the like, as shown
hereinbelow.

The present invention will be further explained
in more detail by way of example hereinafter. However,
it should be understood that these examples are not
intended to limit the invention:

EXAMPLE 1

Powders of various metal carbonates and the
like were mixed together in such a proportion by welght
of oxides as 76.1 weight & of Si0z, 11.8 weight % of
Liz0, 7.1 weight % of Aljy03, 2.8 &% weight % of K20, 2.0
weight & of P05 and 0.2 weight § of Sb203. The mixture
was melted by heat-treating at 1400°C. The resulting

" melt was cast into a cast-iron mold which was water-
cooled, and a columnar shaped body having an oytside
diameter of 68 mm and a length of 150 mm was produced.

This shaped body was released from the mold, gradually
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warp-free state, followed by solidifying the crystallized glass plate.
Nanely, according to the present invention, the glass plate is abraded
when the glass is in the anorphous state, that is, relatively lowin the
har dness and so being readily abradable, then this anorphous glass plate

- 16 -

cooled to eliminate inner strain and provide a glass
shaped body.

This columnar glass shaped body was cut with an
inner diameter blade slicing machine equipped with a
#325 diamond wheel and disk-shaped bodies 0.7 mm thick
were produced. These disk-shaped bodies 6 were ground
with a cup-type grindstone and finished iate annular
amorphous glass plates 12 having an inside diameter of
20 mm and an outegide diameter of 66 mm,

. The thus obtained amorphous glass plate 12 vwas
held between & pair of pressing setters 17 having
surfaces finished into a flatness of 5 um over a width
of 65 mm and thus a sandwiched body was produced. Both
of the principal surfaces of the above amorphous glass
plate were brought into contact with the flat surfaces,
respectively, of the above pressing setters. In &
successive sandwiching manner as above, an eight-layered
stacked body with the pressing setters 17 on the topmost
and bottommost layers was formed, The eight-layered
stacked body was held horizontally within an atmospheric
tubular furnace made of an alumina tube. In this state,
the furnace was hermetically closed, an Nz gas stream
was flowed at a flow rate of 1 liter/min. in the
furnace, wherein the tempaerature was kébt at 550°C for 2
hours, than lncreased at a rate of 125°C/hour until it
reached B850°C, thereafter kept at 850°C for 4 hours, and

Sheet Has Been €ilaced

HIllI\\ lllll\ lIII il



| [ RECEIVED 1@/@1 1;512.6 1996‘ AT 5338654 PAGE 2@ (PRINTED PAGE 28) 1 . c
i s readi| y3TPri'$hedd ¥ SHFAMEAPATRT or m t hi ckness close to  &HioBfRPle  # 20/ 2

thi ckness of crystallized glass substrates for nagnetic disks, i.e. final
products, and the anorphous glass plate is crystallized simultaneously
with inprovenment in flatness thereof, i.e., rectifi- cation of any warp

present in the anorphous glass plate after abrasion. Thus, abrasion |osses
can be extrenely decreased in processes of-f¥nmi shing the so-called bl anks
havi ng an i ncreased hardness after crystallization into the final
products. Through the specification and appended clains of this
I nvention, the phrase "substantially a uniform thickness" with respect to
t he annrphous gl ass pl ate,

then cooled down to room temperature,

The above process was conducted on 40 slices in
total of the amorphous glass plates 12. As the result,
though the amorphous glass plates 12 before crystalliza-
tion had a flatness with a mean value of 7.1 .m and a
standard deviation of 1.7 um, across their diameter of
65 mm, blanks after crystallization had a flatness with
a mean value of 4.9 um and a standard deviation of
1.1 um, across their diameter of 65 mm. Thus, it was
demonsgtrated that the flatness was appreciably improved.
Furthermore, the flatnesses of the resulting
crystallized glass substrates were not different between
the uppermost substrate and lowermost substrate, in the
stack. Thus, blanks with a high flatness were provided.

These blanke were lapped with a #2000 GC
abrasive grain, until their thickness waz reduced to
D.66 mm, and further lapped with a #4000 GC abrasive
grain to & thickness of 0,64 mm, Thereafter, further
polishing wae conducted with cerium oxide to a thickness
of 0.635 mm and magnetic disc substrates made of
crystallized glass having a flatness of 4 um across
their diameter of 65 mm and an average surface roughness
of 7 angstroms were obtained,

EXAMPLE 2
A columnar amorphous glass shaped body having

an ocutside diameter of 68 mm and a length of 150 mm

This Sheet Has Been Rei aced
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10 pm Brief Description of the Draw ng The above and

of her objects, features and advantages of the present invention wll

beconme nore apparent fromreading the follow ng description of the

preferred enbodi nents taken in connection with the
-18 -

which had been obtained in the same manner as EXAMPLE 1
above, was cut with a brade-saw using a 600 GC abrasive
grain to produce shaped bodies 0.8 mm thick. Both
principal surfaces of these shaped bodies were
simultaneously ground with an $800 diamond abrasive
grain to provide amorphous glass circular disks 0.7 mm
thick. These amorphous glass disks were finished in the
same manner as EXAMPLE 1 to produce doughnut- or
annular-shaped amorphous glass plates 12 having an
inside diameter of 20 mm and an outside diameter of

66 mm.

The abraded surfaces of these amorphous glass
plates 12 had a flatness of about 40 um across the
outside diameter. Fig 3a is a plan view showing this
amorphous glass plate 12. One principal surface of this
amorphous glass plate 12 had a warp of 41,4 um in the
direction of a and a warp of 31.2 um in the direction
of b, as shown in Fig. 3b. The other principal surface
of the amorphous glass plate 12 had a warp of 43.8 um
in the direction of a and a warp of 33.6 um in the
dirnctibn of b, as shown in Pig. 3c. Here, 24 is a
gstandard line.

The resulting amorphous glass plates 12 were
heat-treated and crystallized in the same manner as
EXAMPLE 1. As the result, the flatness of the blanks

composed of orystallized glass was improved to 4.3 um
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schematically showing a process for cutting out disk-shaped bodi es having
a predeterm ned thickness froma |arge-size columar shaped body 1;

Fig. Ibis a slant view schematically show ng an operation of abrasion
conducted with a jig held between a grinding wheel 4A on a top force 3A
and a grinding wheel 4B on a bottomforce 3B - Fig. Icis a
cross-sectional view schematically showing a grinding operation of the
outer and inner circunferential portions of a shaped body after abrasion;

or less across the outside dlameter. PFig. 4a is a graph
showing a profile of one abraded principal surface of
the blank, and Fig., 4b is a graph showing a profile of
the other principal abraded surface of the blank, after
crystallization treitment.

As described and demonstrated by the EXAMPLES
above, according to the process of the invention, glass
plates are readily abraded because the abrasion is
conducted when the glass material thereof is in ar
amorphous stage, that 1s, in a state of relatively low
hardness and being liable to abrasion, and moreover, the
amorphous glass plates are finished uniformly to have a
thickness close to an objective thickness of finished
final products, i.e., crystallized glass substrates for
magnetic disks, simultaneously with correction of the
flatness of the dieks. Therefore, it has become
possible to markedly reduce abrasion losses of
crystallized blanks having a high hardness and thus
produce magnetic disk substrates made of crystallized

glase with easiness and a low cost.
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Fig. 2 i ¥ % SERSAT R UF BRAS R ng a heat treatnent f ur nace® JAYCA*%%s
suited for nmass-production; Fig. 3ais a plan view show ng an
amor phous—gtass ptate- 12; Fig. 3b shows graphs each depicting a

profile urface of the anorphous glass plate 12;
Fig. 3c h depicting a profil of anot her abraded surface
of the UMMMEW * Iate 12; -0 4a shows graphs each
depicting a profile of an abraded surface of a substrate after
crystallizing treatnment; and

What is claimed is:

1. A procese for manufacturing a crystallized
glass substrate for magnetic disks, which process is
characterized by comprising the sequantlal steps of:

holding an amorphous glass plate having
substantially a uniform thickneas and two principal
surfaces between a pair of pressing setters each having
a flat surface, in a fashion that each of said principal
surfaces of the amorphous glass plate is brought into
contact with said flat surface of the pressing setters,
said pressing setters being non-reactive with said
amorphous glass and undeformable during crystallization
by heating of said amorphous glass;

softening said amorphous glass plate in the above
state by heating at a temperature above an annealing
point of a glass material of sald amorphous glass,
whereby said principal surfaces of the amorphous glass
plate are firmly fitted onto said flat surfaces of said
pressing setters, respectively, to rectify warping to
flatten said amorphous glass plate;

then, increasing the temperature of said amorphous
glass plate to a crystal growth temperature to grow
crystals within said glass material, thereby to
crystallize said amorphous glass plate as maintaining
its warp-free state, followed by solidifying the

crystallized glass plate.

heet Has Been Replaced
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-9- B-10-01:07: I‘r—’i”&‘ S%”@ﬁom&ﬂr aphs each depicting a prb%’l 88 "% not het
abraded surface of the substrate. Description of the Preferred
Enbodi nents._.- - “At first, nolten glass is cast into a nold and cool ed

to produce a coI ‘m\‘mﬂfed body. The shaped body is cut with a bandsaw,
jig saw, ade slicing machine, or the like, to produce
di sk- shaAA“\“‘ -21- P

2. The process according to Claim 1 wherein said
principal surfaces of the amorphous glass plata have
been finished by an abrasive- or grinding-processing.

3. The process according to Claim 2 which further
comprises a step of finishing said crystallized glass
plate by an abrasive- or grinding-processing, after the
step of solidifying the crystallized glass plate,
wherein said amorphous glass plate has a thickness to
allow an abrasion loss of thickness within 100 um in
the step of finishing the crystallized glass plate.

4, The process according to Claim 3 wherein said
abrasion loss of thickness is within 50 wum.

5. The process according to Claim 1 wherein said
pressing setters are carbon plates having a flat surface
finished to have a flatness of 10 um or less in the
full field of the substrate surface.

6. The process according to Claim 1 wherein said
crystallized glass plate obtained by rectifying the
warping of the amorphous glass plate has a flatness
within 10 um in the full field of the substrate
surface.

7. The process according to Claim 1 wherein the

heating of said amorphous glass plate is conducted in an

inert atmosphere or reducing atmosphere.
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anor phousdtgl &rdd: 43k BRPRESUG IMYREPATENTG g net hod for cutting it B3 BEidsaw i#s?5/ 28
schematically shown. A columar |arge-size shaped body 1 has a pair of

parall el end surfaces Ib and a cylindrical surface la. Cutter blades 2 are
forced into the shaped body 1 from the cylindrical surface |la along the
direction parallel wth each end surface Ib as shown by the arrow A, to

cut out a disk-shaped bodi es having a predd2:n ned thickness. A
cutter device to be enployed here is adequately selected fromthose

descri bed above. If the disk-shaped anorphous gl ass pl ates obtai ned by

cutting have little deviation of thickness, the glass plates can

PROCESS FOR MANUFACTURING A CRYSTALLIZED
GLASS SUBSTRATE FOR MAGNETIC DISCS

Abstract of the Disclosure

This invention relates to a process for
producing a crystallized glass substrate for magnetic
disks, including the steps of: (a) holding an amorphous
glass plate having a uniform thickness and two principal
flat surfaces thereof between a pair of pressing setters
in a sandwiched fashion, which pressing setters are non-
reactive with the amorphous glass and undeformable
during heating for crystallization of the amorphous
glass; (b) softening the amorphous glass plate in &
sandwiched stack form by heating at a temperature above
an annealing point of the amorphous glass, whereby the
principal surfaces are fitted onto the flat surfaces of
the pressing setters to rectify warping to f£latten the
amorphous glass plate; and (c) then, increasing the
temperature to a crystal growth temperature to grow
crystals within the amorphous glass, whereby the
amorphous glass plate is crystallized as maintaining its

warp-free state, followed by solidifying.
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be del i ver¥a' it &t FHIYO & ¢FTEM al 1 i zation step,

subsequent step of grinding- or abrasive-finishing. Both the cut surfaces
of the thus obtained di sk-shaped anorphous gl ass plates are ground or
abrasive-finished to renove the ruggedness fornmed on the cut surfaces when

cutting, and thus anorphous gl ass -10 -
pl ates of a uniformthickness having two princi pal
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surfaces sa-eo-n ovi Sl S INURA P“TENThe gr| ndi ng-

.Ln this stage is not specifically restricted. However, in general, as
shown in Fig. | b, each of the anmorphous glass plates 6 can be ground into
a predeterm ned thickness, by holding a carrier 5 between a grinding

wheel 4A on a top force 3A and a grinding wheel 4B on a bottomforce 3B,
fixing each of the cut anorphous glass plates 6 on the carrier 5 and
revolving the carrier 5in the direction shown by the arrow B. In
the present invention, the crystallized glass substrates for magnetic

di sks are manufactured by «crystallizing the anorphous gl ass plates which
have been
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subjecting the resulting crystallized glass plates to a final

abr asi ve-processing (lapping or polishing). In order to decrease final

abrasion | osses as nuch as possible, it is preferred that the difference

I n thickness between the finished anorphous glass plate and the final

product, i.e., a crystallized glass substrate for magnetic disks, is nade
to be 0.1 rrm(lOO pm or less, nore preferably, 0.05 mm (50 pm) or |ess.

In other words, it is preferred to use an anorphous glass plate thick

enough to allow an abrasion |oss of thi clriawi‘?b'n 100 pm preferably

2

12b
l2a

FIlG.3b

T

t =gl qum b:-3(2um

FlG.3c ,

Ieopm

a:43.8um b:33.6um
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crystallized glass pl at e.

For exanpl e,

when t he

PAGE 23 (PRINTED PABE 29) 1}

crystallized gl ass

# 237 2¢

substrate for nagnetic disks has a dianmeter of 65 mm the thickness of the
In this instance, the thickness

the finished anorphous glass plate is preferred to be at nost 0.735 mm

final products is typic

nore preferably at nost
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" the magnetic disks.

PROCESS FOR MANUFACTURING A CRYSTALLIZED

GLASS SUBSTRATE FOR MAGNETIC DISC?//

Background of the Invention

1. Field of the Invention

The present invention relates to a process for

disks.

2. Description of the Prior Art

~manufacturing crystallized glass substrates for magnetic

Main component elements of magnetic storages

such as computers or the like are magnetic recording

media and magnetic heads for reproducing magnetic

records.

"As a material for hard disk substrates as the

magnetic recording media, mainly aluminum alloys have

been extensively employed.

However, the flying height

of the magnetic heads has been noticeably decreased with

recent miniaturization of hard-disk drives.

Consequently, a smoothness with extremely a high

precision has been being.:equired with respect to the

surface of the magnetic disks.

In general, the maximum

height of the ruggedness on the surfaces of the magnetic

disks should not exceed a half of the flying height’ of

For example, in hard-disk drives

with a flying height'of 75 nm, the allowable maximum



at nosphere inside and heated to a crystallization temﬁﬁgﬁt
O.

anor phous gl ass
surfaces of the

;
then gradually crystallized as the rectified shape is mjn

solidification.
this instance,
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may be once softened and fitted firnmy
carbon pressing setters, whereby warp {s

..M

- 12} -

-92.-

carbon is enployed as a

o1 s

height of the ruggedness on the surfaces of the disks
must be less than 38 nm. Particularly, recently, it has
been required to restrict the Center-line Mean Roughness
(Ra) defined in JIS B 0601, within 20 angstroms or less,
in the read/write zone on the substrates of the magnetic
disks. However, in the case of aluminum alloy
substrates, their hardness is so low that ground
surfaces are susceptible to plastic deformation, even
when an abrasive finishing is conducted using -abrasive

grains and machine tools with a high precision.

‘Therefore, it is difficult to produce flat surfaces with

a precision higher than a certain level. Even if the
surfaces of the aluminum alloy substrates are plated
with nickel-phosphorus, flat surfaces on a level as
mentioned above would not be able to be formed.
Furthermore, with recent progress of the
miniaturization and thickness-reduction of hard-disk
drives, it has been strongly demanded to decrease the
thickness of the substrates for magnetic disks.
However, since aluminum alloys have low strength and
stiffness, it is difficult to decrease the thickness of
the disks as maintaining a predetermined strength which
is required from the specification of the hard-disk
drives. Particularly, when the substrates for magnetic
disks are finished to be 0.5 mm thick or less, problems

are posed such that the substrates may warp due to the



material for the pressing setters, so that when the amr
I s sandwi ched with a pair of pressing setters and heat¢
i nert atnosphere, the carbon pressing setters would no
anor phous gl ass plate, and noreover, since the carbon I L. ‘
har dness, when the surface of the pressins setters is |n|shed to be ma
flat, a high flatness can be readily obtaFned by abrasrverfrntshi-ng-
Furthernore, as the material for the pressing setters, use may be made of
any materials other than carbon, as far as they neither react with nor
bond to the glass and are chem cally and mechanically stable at

crystallization_t erature Materially, such
y éﬂg)ency of the strengt thereof;or the surfaces of

the substrates vibrate during high speed revolving or at
the start-up of the apparatus.

In order to solve the above problems,
substrates for magnetic disks, which are made of glass
material, have been partly put to practical use.
However, since the substrates for magnetic disks for HDD
require particularly a high strength, it is necessary to
use tempered glasses such as chemically tempered
glasses, glass—-ceramics or the like. By using these
materials, magnetic recording surfaces having an
extremely small Ra of 20 angstroms or less can be formed.

Examples of the glasses for constituting the
substrates for magnetic disks include chemically
tempered glasses such as soda lime glasses or the like,
crystallized glasses, non—-alkali glasses and alumino-
silicate glasses. Amongst the above, the chemically
tempered glasses and crystallized glasses are preferred
in view of high strength thereof.

Particularly, the crystallized glasses, since
their hardness and bending strength are uniform, are
more excellent in reliability in strength than the
chemically tempered glasses. It is much preferred
particularly when the thickness of the substrates for
magnetic disks is reduced to 0.5 mm or less, as a

desired strength is maintained.



car bon-coat ed ceram cs, can preferably be used.

this instance, since nitrogen, 1i.e., an inert atnosphey

the oven, deterioration of the pressing setters induced
[
ci

by 2»%&48'9:?3?"6

Jrevent ed.

bet ween the carbon and oxygen during heating is effectj

Fromthis viewoint, the atnosphere also y be a redy _
In addition, the practical substrates for'ﬁaﬁgnetlc dlSk%m#@QQh&%mLknL&thg

for providing the outer dianeter of the substrates with accuracy and
boring a round aperture for setting in the center of the disks.
Furthernore, it is necessary to chanfer the outer

However, in mass-production of such substrates
for magnetic disks made of a crystallized glass, the
following problems have been realized. Namely, in
conventional manufacturing processes, for example, when
glass substrates having a diameter of 65 mm are
produced, at first, a mass of molten glass is cast into
a mold and pressed to provide an amorphous glass disk-
shaped body about 1.2-1.5 mm thick. Alternatively, a
columnar shaped body of amorphous glass is cut into
disk-shaped plates of amorphous glass, and further, if
required, the plates of amorphous glass is ground or
abraded to provide a glass disk about 1.2-1.5 mm thick.
These plates of amorphous glass are heated to
crystallize and semi-finished products before abrasive
finishing (the so-called "blanks") are produced. And
then, both surfaces of the blanks are abrasive-finished,
namely, both the top and bottom surfaces of the blanks
are concurrently lapped and polished to provide finished
crystallized glass substrates for magnetic disks, for
example, 0.635 mm thick.

Namely, in order that the semi-finished
products {blanks) obtained by crystallizing an amorphous
glass are finished into final products (crystallized
glass substrates for magnetic disks), a half or more,
indeed, of the thickness of the blanks must be removed

by abrasion. Moreover, the hardness of the glasses
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glass is

preferred that the above processing is condgcted in the

gl ass.

circunference of the disks and the inner circ RLAQEE%%H%&HEﬁg]

round aperture (not shown). Such processing can be conducted 1n erthée
state of anorphous glass or crystallized glass. However,i sgécRARGIPHQUS
ti

easier to process as conpared with crystallized gl ass,

hg

)US

after crystallization is appreciably higher than that
before crystallization, so that it takes a long time to
abrade the blanks. Consequently, a problem such as a
remarkable increase in the cost of production has
arisen. Naturally, in order to decrease this cost, it
is preferred to finish glasses as thin as possible when
they are in the amorphous state. However, in the case
where the crystallization is merely conducted in this
state, glass plates may warp on the stage of -
crystallization and it is almost impossible to rectify
the warp by means of abrasion of both surfaces of the
plates. Moreover, the thinner the blanks are made, the
more increase difficulties in the rectification of the
warp. Therefore, in conventional processes, blanks have
been produced necessarily by crystallizing an amorphous
glass plate having a thickness of a certain extent (i.e.
a thickness of about 1.2-1.5 mm).

Additionally, the degree of flatness required
for magnetic disk substrates, for example, having a
diameter of 65 mm is generally 5 um or less across the
diameter.

Summary of the Invention

The object of the present invention is to solve
the above-mentioned problems by substantially decreasing
abrasion losses of crystallized glass plates after

crystallization and improving the cost of production of
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Fig. '1c is a cross-section schematically show ng an dperation of finifshing
the outer and inner circunferences of an anorphous gliass BIGMARHEIDT g
crystallization. The flat surface to be abraded of a shaged body 9 iﬁ de
to face a processing tool 7. The processing tool 7 ig attache I hg-
or annul ar- shaped di anond wheel 8A and inper di anondheel. 8B The
surface to be abraded is brought into cont&t with the gri ndi ng wheels and
the processing tool 7 is revolved, for exanple, in the direction shown by
the arrow C. Thereby, an outer peripheral portion defined by the broken

lines 10 of the shaped body 9 is renoved and the outer peripheral

di mensi on of the shaped body is
the crystallized glasses.

The above object is achieved, according to the
present invention, by a process for manufacturing
crystallized glass substrates for magnetic disks, which
process is characterized by comprising the sequential
steps of:

holding an amorphous glass plate having
substantially a uniform thickness and two principal
surfaces thereof between a pair of pressing setters each
having a flat surface, in a fashion that each of said
principal surfaces of the amorphous glass plate is
brought into contact with said flat surface of the
pressing setter, said pressing setters being non-
reactive with said amorphous glass and undeformable
during crystallization by heating of said amorphous
glass;

softening said amorphous glass plate in the above
state by heating at a temperature above an annealing
point of a glass material of said amorphous glass,
whereby said principal surfaces of the amorphous glass
plate are firmly fitted onto said flat surfaces of said
pressing setters, respectively, to rectify warping of
saia amorphous glass plate;

then, increasing the temperature of said amorphous
glass plate to a crystal growth temperature to grow

crystals within said glass material, thereby to



controll ed according to a predetermn ned specification. RE?thgyﬁﬁﬁlﬁﬂEET

therewith, a central portion defined by the broken |ine s=enoved™q o
forma round aperture having predetern ned shape and di nersi Qn. 1997
Alternatively, in the case where the crystalli- zation df thﬁQhM%gp%ous
gl ass is conducted on a |arge =14

scale, it is necessary to treat continuou§f§’a nunber of

crystallize said amorphous glass plate as maintaining
its warp-free state, followed by solidifying the
crystallized glass plate.

Namely, according to the present invention, the
glass plate is abraded when the glass is in the amorphous
state, that is, relatively low in the hardness and so
being readily abradable, then this amorphous glass plate
is readily finished to have a uniform thickness close to
an objective thickness of crystallized glass substrates
for magnetic disks, i.e. final products, and the
amorphous glass plate is crystallized simultaneously
with improvement in flatness thereof, i.e., rectifi-
cation of any warp present in the amorphous glass plate
after abrasion. Thus, abrasion losses can be extremely
decreased in processes of finishing the so-called blanks
having an increased hardness after crystallization into
the final products.

Through the specification and appended claims
of this invention, the phrase "substantially a uniform
thickness" with respect to the amorphous glass platé,
should be understood to mean the deviation of the
thickness being within *10 um.

Brief Description of the Drawing

The above and other objects, features and
advantages of the present invention will become more

apparent from reading the following description of the
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anor phous gl ass plates, as a whole, sinultaneously. Ac %ﬁ&ﬁ#&ﬁiﬁENﬁlsﬁgﬁT
preferred that flat-shaped pressing setters are used, fhese pressing
setters and anorphous glass plates are alternately sta¢ked Qo MAR 1692
multi- |ayered body and a nunber of the multi-layered boflies are treated
as a whole in the oven. Alternatively, it if al so preferreg tnat a tunne
furnace is used for continuously treating nunber of the nulti-lavered
bodi es traveling therethrough. In Fig. 2, such a nass- productive process
is schematically shown. In the heat treatnent furnace shown in
Fig. 2, an upper oven 15A is provided therein with a heater 16A and a

| ower oven B is provided therein with a heater . .
preferred embodiments taken in connection with the

accompanying drawings, wherein:-

Fig. la is a slant view schematically showing a
process for cutting out disk-shaped bodies having a
predetermined thickness from a large-size columnar
shaped body 1;

Fig. 1b is a slant view schematically §howing
an operation of abrasion conducted with a jig held
between a grinding wheel 4A on a top force 3A-and a
grinding wheel 4B on a bottom force 3B;

Fig. lc is a cross-sectional view schematically
showing a grinding operation of the outer and inner
circumferential portions of a shaped body after
abrasion; |

Fig. 2 is a schematic view showing a heat
treatment furnace which is suited for mass-production;

Fig. 3a is a plan view showing an amorphous
glass plate 12;

Fig. 3b shows graphs each depicting a profile
of an abraded surface of the amorphous glass plate 12;

Fig. 3c shows graphs each depicting a profile
of another abraded surface of the amorphous glass plate
12;

Fig. 4a shows graphs each depicting a profile
of an abraded surface of a substrate after crystallizing

treatment; and



16B. 'Each nul ti-layered body, 18A, 18B, 18C or 18D, is |RBphbSed:dff SHEET
pressing setters 17 and anorphous glass plates 12 altelfnatety-stacke
bet ween the pressing setters. On the top and the bottoin ¢f éﬁ 19
multi-layered body, the pressing setters 17 are arranged; r ﬁggiiQZIy
The multi-|ayered bodies can travel towards, the directios
arrow E, by transfer neans not shown, suct? as a conveyor or the like. Th
tenperature inside the furnace is controlled according* rtoh
in the steps of heating up fromroom tenperatures, heating up to

t enper atures above an annealing point, and heating up to crystallization

(U

Fig. 4b shows graphs each depicting a profile
of another abraded surface of the substrate.

Description of the Preferred Embodiments

At first, molten glass is cast into a mold and
cooled to produce a columnar shaped body. The shaped
body is cut with a bandsaw, jig saw, inner diameter blade
slicing machine, or the like, to produce disk-shaped
amorphous glass plates. In Fig. la, a method for
cutting with a bandsaw is schematically shown.

A columnar large-size shaped body 1 has a pair of
parallel end surfaces lb and a cylindrical surface la.
Cutter blades 2 are forced into the shaped body 1 from
the cylindrical surface la along the direction parallel
with each end surface 1b as shown by the arrow A, to cut
out a disk—-shaped bodies having a predetermined
thickness.

A cutter device to be employed here is
adequately selected from those described above. If the
disk-shaped amorphous glass plates obtained by cutting
have little deviation of thickness, the glass plates can
be delivered directly to the crystallization step,
without necessitating a subsequent step of grinding- or
abrasive-finishing. Both the cut surfaces of the thus
obtained disk-shaped amorphous glass plates are ground
or abrasive-finished to remove the ruggedness formed on

the cut surfaces when cutting, and thus amorphous glass



tenpéeratures, of the nmulti-Ilayered bodies. The o EﬁA&&Eﬁbﬁ%ﬁ%&ﬁﬁT
made of crystallized glass are finished by conventional{lapping and"
polishing to provide crystallized glass substrates for netd MAfi BYF
wi th predeterm ned thickness, flatness and surface roughnkess.
Exanpl es of the crystallized glass suited E8r '

plates of a uniform thickness having two principal
surfaces are provided.

The grinding- or abrasive-finishing method in
this stage is not specifically restricted. However, in
general, as shown in Fig. 1b, each of the amorphous
glass plates 6 can be ground into a predetermined
thickness, by holding a carrier 5 between a grinding
wheel 4A on a top force 3A and a grinding wheel 4B on a
bottom force 3B, fixing each of the cut amorphous glass
plates 6 on the carrier 5 and revolving the carrier 5 in
the direction shown by the arrow B.

In the present invention, the crystallized
glass substrates for magnetic disks are manufactured by
crystallizing the ambrphous glass plates which have been
abrasive- or grinding-finished to have a predetermined
thickness, and then subjecting the resulting
crystallized glass plates to a final abrasive-processing
(lapping or polishing). 1In order to decrease final
abrasion losses as much as possible, it is preferred
that the difference in thickness between the finished
amorphous glass plate and the final product, i.e., a
crystallized glass substrate for magnetic disks, is made
to be 0.1 mm (100 um) or less, more preferably, 0.05 mm
{50 #m) or less. In other words, it is preferred to
use an amorphous glass plate thick enough to allow an

abrasion loss of thickness within 100 um, preferably



manufacturing the substrates for magnetic disks accoﬁ@ﬁ?

i nvention include Li[err]OAl[err](err]- Siderr]-bds

gl asses or the like, as shown hereinbel ow Th hdtvemt i
will be further explained in nore detail by way of exa ngﬂ§§gﬁ%§¥t r
However, it should be understood that these exanples {a el d
limt the invention: EXAMPLE 1 Pbhders of vdrious netal
carbonates and the |I|ike were m xed together in such @ '

Ty o e

of oxides as 76.1 weight % of SidJerr], 11.8 weight %of Li[err]O 7.1
wei ght % of A1203, 2.8 % weight %of Klerr]O 2.0

within 50 m, in abrasive- or grinding-processing of

the crystallized glass plate. For example, when the
crystallized glass substrate for magnetic disks has a
diameter of 65 mm, the thickness of the final products
is typically 0.635 mm. In this instance, the thickness
of the finished amorphous glass plate is preferred to be
at most 0.735 mm, more preferably at most 0.685 mm.

Furthermore, the thickness of the finished
amorphous glass plates is preferred to be uniform,
having a deviation within +10 gm. Additionally, in
this invention, since warp (i.e., unevenness) is
rectified in the subsequent step (i.e., crystallizatiop
step), the warping of the amorphous glass plate in this
stage is nothing to care about.

Next, the amorphous glass plafe ground or
abrasive-finished is held between a pair of pressing
setters made of carbon, each having a flat surface of
flatness of 10 um or less (preferably, 5 um or less)
over its width of 65 mm, to form a sandwiched body.

This sandwiched body is put into an oven with a nitrogen
atmosphere inside and heated to a crystallization
temperature so that the amorphous glass may be once
softened and fitted firmly onto the flat surfaces of the
carbon pressing setters, whereby warp is rectified, and
then gradually crystallized as the rectified shape is

maintained until solidification.

—



wei ght % of P205 and 0.2 wei ght % of Sb203. The ni xtur
heat-treating at 1400[err]C. The resulting nelt was cas |@5q4 {1
nol d which was water- cooled, and a columar shaped bpdy haV|ng ouf s} de

di aneter of 68 mm and a Iength of 150 mm was produced.| Thres=shaped. hody
was rel eased fromthe nold, gradually 12
- 16- - - ]

In this instance, carbon is employed as a
material for the pressing setters, so that when the
amorphous glass plate is sandwiched with a pair of
pressing setters and heated to soften in an inert
atmosphere, the carbon pressing setters would not react
with the amorphous glass plate, and moreover, since the
carbon material has a low hardness, when the surface of
the pressing setters is finished to be made flat, a high
flatness can be readily obtained by abrasive-finishing.
Furthermore, as the material for the pressing setters,
use may be made of any materials other than carbon, as
far as they neither react with nor bond to the glass and
are chemically and mechanically stable at
crystallization temperatures. Materially, such as
carbon-coated ceramics, can preferably be used.

Furthermore, in this instance, since nitrogen,
i.e., an inert'atmosphere, is used inside the oven,
deterioration of the pressing setters induced by a
reaction between the carbon and oxygen during heating is
effectively prevented. From this viewpoint, the
atmosphere also may be a reducing atmosphere.

In addition, the practical substrates for
magﬁetic disks require finishing for providing the outer
diameter of the substrates with accuracy and boring a
round aperture for setting in the center of the disks.

Furthermore, it is necessary to chamfer the outer



cooled to elimnate inner strain and provide a gl ass
Thi s columar gl ass shaped body was cut with an inndr |
slicing machi ne equi pped with a #325 di anond wheel gnd
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0.7 mmthick were produced. These di sk-shaped bodie§ ¢ _were ground

cup-type grindstone and finished into annuigr anor phous gl ass plates {2
havi ng an i nside dianeter of 20 nmand an~duts

The thus obtained anor phous gl ass plate 12 was
pressing setters 17 having

a wdth
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wth a

hel d bet ween a pair of
surfaces finished into a flatness of 5 pm over
of 65 mm and thus a sandw ched body was produced. Both

circumference of the disks and the inner circumference

of the round aperture (not shown). Such processing can

be conducted in either state of amorphous glass or

crystallized glass. However, since amorphous glass is

easier to process as compared with crystallized glass,

it is preferred that the above processing is conducted

in the state of amorphous glass..

Fig. 1lc is a cross-section schematically
showing an operation of finishing the outer and inner
circumferences of an amorphous glass plate before
crystallization. The flat surface to be abraded of a

shaped body 9 is made to face a processing tool 7.

The processing tool 7 is attached with ring— or annular-

shaped diamond wheel 8A and inner diamond wheel 8B.

The surface to be abraded is brought into contact with

the grinding wheels and the processing tool 7 is

revolved, for example, in the direction shown by the

arrow C. Thereby, an outer peripheral portion defined

by the broken lines 10 of the shaped body 9 is removed

and the outer peripheral dimension of the shaped body

is

controlled according to a predetermined specification.

Simultaneously therewith, a central portion defined by

the broken lines 11 is removed to form a round aperture

having predetermined shape and dimension.

Alternatively, in the case where the crystalli-

zation of the amorphous glass is conducted on a large



of the principal surfaces of the above anorphous gl ass p'@@?tﬁmgﬂqggqqggEET
into contact with the flat surfaces, respectively, of thg e P eS6+-Rg
setters. In a successive sandw ching nanner as above, anjejg -h@éﬁ@@?
stacked body with the pressing setters 17 on the topnost | ahd t
| ayers was fornmed. The eight-Iayered stacgﬁg body was he] di.harizontally
within an atnospheric tubular furnace nade*®f an alum na tube. In this
state, the furnace was hernetically closed, an N2 gas st- ‘
at aflowrate of 1 liter/mn. in the furnace, wherein the tenperature was
kept at 550[err]C for 2 hours, then increased at a rate of 125[err] C hour

until it reached 850[err]C, thereafter kept at 850[err]C for 4 hours, and
scale, it is necessary to treat continuously a number of

amorphous glass plates, as a whole, simultaneously.
Accordingly, it is preferred that flat-shaped pressing
setters are used, these pressing setters and amorphous
glass plates are alternately stacked to form a multi-
layered body and a number of the multi-layered bodies
are treated as a whole in the oven. Alternatively, it
is also preferred that a tunnel furnace is used for
continuously treating a number of the multi-layered
bodies traveling therethrough. In Fig. 2, such a mass-
productive process is schematically shown.

In the heat treatment furnace shown in Fig. 2,
an upper oven 15A is provided therein with a heater 16A
and a lower oven B is provided therein with a heater
16B. Each multi-layered body, 18A, 18B, 18C or 18D, is
composed of pressing setters 17 and amorphous glass
plates 12 alternately stacked between the pressing
setters. On the top and the bottom of the multi-layered
body, the pressing setters 17 are arranged, respectively.
The multi-layered bodies can travel towards the
direction shown by the arrow E, by transfer means not
shown, such as a conveyor or the like. The temperature
inside the furnace is controlled according to each
condition in the steps of heating up from room
temperatures, heating up to temperatures above an

annealing point, and heating up to crystallization



process was conducted on 40 slices in total of the anorpho p-at-es-
12. As the result, though the anorphous gl ass plates 12 be AR
crystalliza- tlon had a flatness with a nean val ue of 7 1 5’% 1997
standard deviation of 1.7 pm across their dlaneter of blanks afte
crystallization had a flatness with -

- 17 - then cool ed down to room tenperature. Eﬂﬁﬁgﬁgy@g\ﬂ‘gﬂhET
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temperatures, of the multi-layered bodies.

The obtained blanks made of crystallized glass
are finished by conventional lapping and polishing to
provide crystallized glass substrates for magnetic disks
with predetermined thickness, flatness and surface
roughness.

Examples of the crystallized glass suited for
manufacturing the substrates for magnetic disks
according to the present invention include LizO0-Alz03-
SiOz-based crystallized glasses or the like, as shown
hereinbelow.

The present invention will be further explained
in more detail by way of example hereinafter. However,
it should be understood that these examples are not
intended to 1imit the invention:

EXAMPLE 1 -

Powders of various metal carbonates and the
like were mixed together in such a proportion by weight
of oxides as 76.1 weight & of Si0O3, 11.8 weight & of
Li0, 7.1 weight ¢ of Al203, 2.8 $ weight $ of K30, 2.0
weight § of P205 and 0.2 weight $ of Sb203. The mixture
was melted by heat-treating at 1400°C. The resulting
melt was cast into a cast-iron mold which was water-
cooled, and a columnar shaped body having an outside
diameter of 68 mm and a length of 150 mm was produced.

This shaped body was released from the mold, gradually




a nmean value of 4.9 pmand a standard deviation of 1
of 65 mMm Thus, it was denonstrated that the jfl at ness was
appreciably inproved. Furthernore, the flatnesses of} tihe ﬁbM&Rﬂ?ﬁb
crystallized glass substrates were not different bet
substrate and | owernost substrate, in the stack. Thys,
fl atness were provided. These bl as-were |

di.amet er
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t he upper

abrasive grain, until their thickness was reduced to 0.66 mm and further
| apped with a #4000 GC abrasive grain to a thickness of 0.64 mm

Ther eafter,

t hi ckness

further polishing was conducted with ceriumoxide to a
of 0.635 mm and nagnetic di sc substrates made of
cooled to eliminate inner strain and provide a glass
shaped body.

This columnar glass shaped body was cut with an
inner diameter blade slicing machine equipped with a
#325 diamond wheel and disk-shaped bodies 0.7 mm thick
were produced. These disk-shaped bodies 6 were ground
with a cup-type grindstone and finished into annular
amorphous glass plates 12 having an inside diameter of
20 mm and an outside diameter of 66 mm.

The thus obtained amorphous glass plate 12 was
held between a pair of pressing setters 17 having
surfaces finished into a flatness of 5 um over a width
of 65 mm and thus a sandwiched body was produced. Both
of the principal surfaces of the above amorphous glass
plate were brought into contact with the flat surfaces,
respectively, of the above pressing setters. 1In a
successive sandwiching manner as above, an eight-layered
stacked body with the pressing setters 17 on the topmost
and bottommost layers was formed. The eight-layered
stacked body was held horizontally within an atmospheric
tubular furnace made of an alumina tube. In this state,
the furnace was hermetically closed, an N; gas stream
was flowed at a flow rate of 1 liter/min. in the
furnace, wherein the temperature was kept at 550°C for 2
hours, then increased at a rate of 125°C/hour until it

reached 850°C, thereafter kept at 850°C for 4 hours, and



crystallized glass having a flatness of 4 pmacross thei
nm and an average surface roughness of 7 angstrons were
A col umar anor phous gl ass shaped body havi ng
di aneter of 68 mmand a | ength of 150 nm

2
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then cooled down to room temperature.

~ The above process was conducted on 40 slices in
total of the amorphous glass plates 12. As the result,
though the amorphous glass plates 12 before crystalliza-
tion had a flatness with a mean value of 7.1 um and a
standard deviation of 1.7 um, across their diameter of
65 mm, blanks after crystallization had a flatness with
a mean value of 4.9 um and a standard deviation of
1.1 um, across their diameter of 65 mm. Thus, it was
demonstrated that the flatness was appreciably improved.
Furthermore, the flatnesses of the resulting
crystallized glass substrates were not different between
the uppermost substrate and lowermost substrate, in the
stack. Thus, blanks with a high flatness were provided.

These blanks were lapped with a #2000 GC
abrasive grain, until their thickness was reduced to
0.66 mm, and further lapped with a #4000 GC abrasive
grain to a thickness of 0.64 mm. Thereafter, further
polishing was conducted with cerium oxide to a thickness
of 0.635 mm and magnetic disc substrates made of
crystallized glass having a flatness of 4 um across
their diameter of 65 mm and an average surface roughness
of 7 angstroms were obtained.
EXAMPLE 2
A columnar amorphous glass shaped body having

an outside diameter of 68 mm and a length of 150 mm



with a brade-saw using a 600 GC abrasive grain to priod
0.8 mmthick. Both principal surfaces of these shapdd
si mul t aneously ground with an #800 di anond abrasive or

anor phous gl ass circular disks 0.7 mm thici8 These gno
were finished in the sane nanner as EXAMPL

$ks

T to praduce doughnut- or

annul ar - shaped anor phous gl ass plates 12 having an inside diameter of 20
mm and an outsi de dianeter of 66 mMm The abraded surfaces of
t hese anor phous glass plates 12 had a fl atness of about 40 pm across the

which had been obtained in the same manner as EXAMPLE 1
above, was cut with a brade-saw using a 600 GC abrasive
grain to produce shaped bodies 0.8 mm thick. Both
principal surfaces of these shaped bodies were
simultaneously ground with an #800 diamond abrasive
grain to provide amorphous glass circular disks 0.7 mm
thick. These amorphous glass disks were finished in the
same manner as EXAMPLE 1 to produce doughnut- or
annular-shaped amorphous glass plates 12 having an
inside diameter of 20 mm and an outside diameter of

66 mm.

The abraded surfaces of these amorphous glass
plates 12 had a flatness of about 40 um across the
outside diameter. Fig 3a is a plan view showing this
amorphous glass plate 12. One principal surface of this
amorphous glass plate 12 had a warp of 41.4 um in the
direction of a and a warp of 31.2 um in the direction
of b, as shown in Fig. 3b. The other principal surface
of the amorphous glass plate 12 had a warp of 43.8 um
in the direction of a and a warp of 33.6 um in the
direction of b, as shown in Fig. 3c. Here, 24 is a
standard line.

| The resulting amorphous glass plates 12 were
heat-treated and crystallized in the same manner as
EXAMPLE 1. As the result, the flatness of the blanks

composed of crystallized glass was improved to 4.3 um



outside dianmeter. Fig 3ais a plan view showing this a

12. One principal surface of this anorphous glass platejl
41.4 pmin the direction of a and a warp of 31.2 pmin th
b, as shown in Fig. 3b. The other principal surface of {h

b 06 AR 1997

plate 12 had a warp of 43.8 pm in the diregtion of a an
in the direction of b, as shown in Fig. 3d! Here, 24 is|a

awWarpoT==33=H8

P anor phous glfas

The resulting anorphous glass plates 12 were heat-treated

st andard Iine.
and crystallrfé

S
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in the sane manner as EXAMPLE 1. As the result, the flatness of the bl anks

conposed of crystallized glass was inproved to 4.3 pm

or less across the outside diameter. Fig. 4a is a graph
showing a profile of one abraded principal surface of
the blank, and Fig. 4b is a graph showing a profile of
the other principal abraded surface of the blank, after
crystallization treatment.

As described and demonstrated by the EXAMPLES
above, according to the process gf the invention, glass
plates are readily abraded because the abrasion is
conducted when the glass material thereof is in an
amorphous stage, that is, in a state of relatively low
hardness and being liable to abrasion, and moreover, the
amorphous glass plates are finished uniformly to have a
thickness close to an objective thickness of finished
final products, i.e., crystallized glass substrates for
magnetic disks, simultaneously with correction of the
flatness of the disks. Therefore, it has become
possible to markedly reduce abrasion losses of
crystallized blanks having a high hardness and thus
produce magnetic disk substrates made of crystallized

glass with easiness and a low cost.
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a profile of one abraded principal surface of thg bgagk Pﬁ“Frg:“ﬁbwr&-a
raph shoiﬂ [ the other principal abraded s$u Ir6

gl ank, af m,mu@m,mﬂzg!‘l on treatnent. As desgr{ bed g%@ w%?

denonstrat éd By the' EXAMPLES above, accordziong to the prbc S
I nvention, gl ass - -

What is claimed is:

1. A process for manufacturing a crystallized
glass substrate for magnetic disks, which process is
charaqterized by comprising the sequential steps of:

holding an amorphous glass plate having
substantially a uniform thickness and two principal
surfaces between a pair of pressing setters each having
a flat surface, in a fashion that each of said principal
surfaces of the amorphous glass plate is brought into
contact with said flat surface of the pressing setters,
said pressing setters being non-reactive with said
amorphous glass and undeformable during crystallization
by heating of said amorphous_glass;

softening said amorphous glass plate in the above
state by heating at a temperature above an annealing
point of a glass material of said amorphous glass,
whereby said principal surfaces of the amorphous glass
plate are firmly fitted onto said flat surfaces of said
pressing setters, respectively, to rectify warping to
flatten said amorphous glass plate;

then, increasing the temperature of said amorphous
glass plate to a crystal growth temperature to grow
crystals within said glass material, thereby to
crystallize said amorphous glass plate as maintaining
its warp-free state, followed by solidifying the

crystallized glass plate.



plates are readily abraded because the abrasion is condug

glass ma ' .5, in an anorphous stage, that ijs,
relati veﬂﬂl,mwmmﬂﬁﬂé#gmand being liable to abrasion, @nc
anor phous *gl asst p e finished uniformy to have a} f S..Cl os
an objective thickness of finished final products, i.ej, crystallized

gl ass substrates for nagnetic disks, si mil4hneous| y Wt ca
flatness of the disks. Therefore, it has becone possible to markedly
reduce abrasion |osses of crystallized blanks having a high hardness and
thus produce magnetic di sk substrates nmade of crystallized glass with

easi ness and a | ow cost.
2. The process according to Claim 1 wherein said

principal surfaces of the amorphous glass plate have
been finished by an abrasive- or grinding-processing.

3. The process according to Claim 2 which further
comprises a step of finishing said crystallized glass
plate by an abrasive- or grinding-processing, after the
step of solidifying the crystallized glass plate,
wherein said amorphous glass plate has a thickness to
allow an abrasion loss of thickness within 100 um in
the step of finishing the crystallized glass plate.

4. The process according to Claim 3 wherein said
abrasion loss of thickness is within 50 um.

5. The process according to Claim 1 wherein said
pressing setters are carbon plates having a flat surface
finished to have a flatness of 10 um or less in the
full field of the substrate surface.

6. The process according to Claim 1 wherein said
crystallized glass plate obtained by rectifying the
warping of the amorphous glass plate has a flatness
within 10 g4m in the full field of the substrate
surface.

7. The process according to Claim 1 wherein the
heating of said amorphous glass plate is conducted in an

inert atmosphere or reducing atmosphere.
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-.20 What is clained is: 1. A process for hﬁ@nwh:ﬁ'§ﬂ§§§
crystallized glass substrate for nagnetic disks, whichjpfocess s

characterized by conprising the sequential steps of: h(ﬂélmfw
anor phous gl ass plate having substantially a uniformthi ¢kness and two

princi pal
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PROCESS FOR MANUFACTURING A CRYSTALLIZED

GLASS SUBSTRATE FOR MAGNETIC DISCS

Abstract of the Disclosure

This invention relates to a process for
producing a crystallized glass substrate for magnetic
disks, including the steps of: (a) holding an amorphous
glass plate having a uniform.thickness and two”principal
flat surfaces thereof between a pair of pressing setters
in a sandwiched fashion, which pressing setters are non-
reactive with the amorphous glass and undeformable
during heating for crystallization of the amorphous
glass; - {b) softening the amorphous glass plate in a
sandwiched stack form by heating at a temperature above
an annealing point of the amorphous glass, whereby the
principal surfaces are fitted onto the flat surfaces of
the pressing setters to rectify warping to flatten the
amorphous glass plate; and (c) then, increasing the
temperature to a crystal growth temperature to grow
crystals within the amorphous glass, whereby the
amorphous glass plate is crystallized as maintaining its
warp-free state, followed by solidifying.

Fig. 2
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surfaces between a pair of pressing setters each having R&?LﬁﬁﬁﬁﬁﬂVfé@&gﬂﬂn
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a fashion that each of said principal surfaces of the jr phous™
pl ate is- brought into contact-with said flat surface of theg e gz?
B us

setters, said pressing setters being non-reactive withjfsqid anmor
gl ass and undef or mabl e during crystallization by heati pg of=sai-g-annl
gl ass; sof teni ng sai d anorphous glass plate in thegabove state by

heating.at a tenperature above an anngaling point of a gla
sai d -anbr phous gl ass, whereby said pr¥ncipal surfaces of the amorphous
glass' plate. are firmy fitted onto said flat surfaces of said pressing
setters, -respectlvely to rectify warping to
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flatten said anorphous gl ass plate; . .then, increasing thegis

of said anorphous glass plate to a crystal growth tenperaturfe~ts QEm

crystals within said glass material, thereby to crystallizefsaid ann ».u)?ff;

glass plate as maintaining its warp-free state, followed byf sol a@%n

the crystdlliized glass plate.. AR
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2. Thé process according to Caim1 wherein said princi
anmer phous gl ass plate have been finished by an abrasi vep
gri ndi ng- processi ng. 3. The process according to dpgi
conprises a step of finishing said crystallized glass p
abrasi ve- or grinding-processing, after the- - step of sol
crystallized glass plate, wherein said anorphous gl ass |platé nas™e

thickness-to allow an abrasion |loss gf thickness withingl00 pmin the
step of.fini.shing the crystallized gl -&5s pl ate. 4. - The process

accordlng to Cla|n13 Jwherein said abrasion loss of thickness is wthin 50

pm 5. ‘The process accordl ng to CI ry&a/\/ngel n said
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' press'igng setters are carbon plates having a flat surface R}
a flatness of 10 pmor less in the full field of the sub{

\£ 4

6. The process according to-Claim1l wherein said crystaltifed glass platg
obt ai ned by rectifying the warping of the anorphous gl as$ pl && MARS1987
flatness wthin 10 pmin the full field of the substrate{ gurface. . 7.

The process according to Caim1l wherein the heating of gard anorprous

glass plate.is conducted in an inert -.g nosphere or reduckpng. atnosphere. .
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