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(57) Abstract: The present invention disclosed a method of manufacturing glass substrates for information recording medium com-
prising steps to suppress flatness variation of glass substrate among batches by maintaining a level of slurry concentration circulated
in lapping or polishing process using new-formulated or recycled slurry. The present invention also related to a method to suppress

O flatness variation by removing glass sludge from the polishing slurry circulation.
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A method of manufacturing glass substrates for information recording medium

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method of manufacturing glass substrates for information
recording medium comprising steps to suppress flatness variation of glass substrate among
batches by maintaining a level of slurry concentration circulated in lapping or polishing

process using new-formulated or recycled slurry.
SUMMARY OF THE INVENTION

The present inventibn has been made in view of the circumstances described below, and it is
an object of the invention to provide a method of manufacturing glass substrates for
information recording medium comprising steps to suppress flatness variation of glaés
substrate among batches by maintaining a level of slurry concentration circulated in lapping

or polishing process using new-formulated or recycled slurry..

To achieve the above object, the present invention disclosed a method of manufacturing glass
substrates for information recording medium comprising steps to suppress flatness variation
of glass substrate among batches by maintaining a level of slurry concentration circulated in
in lapping or polishing process. It is alsd the object of the present invention that the flatness

variation among batches can be suppressed due to removal of glass sludge from the slurry

circulation.

In one embodiment, the method of manufacturing glass substrates for information recording

medium comprising steps of:

(A) removing at least a portion of polishing slurry including glass sludge from a slurry
tank; '
_(B) adding another amount of newly-formulated slurry to the slurry tank

wherein the concentration of the added slurry of step (B) is higher than the concentration of
the slurry of step (A) removed from the slurry tank so as to suppress flatness variation of
glass substrate among batches by maintaining a level of slurry concentration circulated in

lapping or polishing process.
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In another embodiment, the method of manufacturing glass substrates for information

recording medium comprising steps of:
(A) taking at least a portion of the slurry from a slurry tank to a retention tank;

(B) allowing the slurry in the retention tank separated into low concentration and
high concentration;

(C) excluding the low concentration of slurry of step (B) from the retention tank;

(D) circulating residual slurry of step (C) from the retention tank to the slurry tank.

wherein the concentration of the taken slurry at step (E) is higher than the concentration of
the residual slurry of step (C) circulated to the slurry tank tank so as to suppress flatness
variation of glass substrate among batches by maintaining a level of slurry concentration

circulated in lapping or polishing process.

The foregoing and other features of the invention are hereinafter more fully described and
particularly pointed out in the claims, the following description setting forth in detail certain
illustrative embodiments of the invention, these being indicative, however, of but a few of the

various ways in which the principles of the present invention may be employed.
BACKGROUND OF THE INVENTION

Glass substrates are used in various industrial fields besides conventional applications.
Recently, in the field of various electronic devices, demand for high recording density of
magnetic disks to be mounted on information processing devices such as hard disk drives is
increasing. Additionally, various electric appliances such as small personal computer and
portable audio-video recording/reproducing apparatus have been widespread, the demand for
thinning, high- density recording and applicability in various use environments of a glass
substrates for information recording medium is more increasing. In order to satisfy this
requirement, a glass substrate having high impact resistance, rigidity/hardness and high
chemical durability has come to be widely used. When such a glass substrate is used for an
information recording medium in the hard disk mode, this is generally advantageous also in
that flatness suitable for low flying of the head on the magnetic recording surface, which is

very important for realizing a high-density magnetic recording surface, should be obtained.
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To meet such a demand, various proposals have been made with respect to a method of
polishing the plane of the glass substrate with high precision. JPA2006-099943 disclosed a
manufacturing method of the substrate for magnetic disk is characterized in that when a glass
substrate is ground using a slurry supplied circularly from a slurry tank. The filter in a
circulation path is provided between a grinding apparatus and the grinding slurry tank.
Thereby, inspection equipment yield of the glass substrate and inspection equipment yield of

the magnetic disk can be improved.

However, it has been found that the flatness of glass substrates among batches of any certain
slurry life circulated in a polishing or lapping process due to decrease of slurry concentration
at late stages of slurry circulation because of water input during load and unload glass
substrate steps, smaller particle size of the slurry and increase of small particles of glass
sludge in slurry tank, these glass sludge are unable to be filtered and undergo circulate in the

process.

The invention is therefore aimed to solve the problems of flatness variation of the glass
substrate by maintaining a level of grinding slurry concentration circulated in lapping or

polishing process.
DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described hereinafter with reference to the accompanying
drawings, which form a part hereof, and which illustrate example embodiments by which the
invention may be practiced. As used in the disclosures and the appended claims, the term “at
least” is construed to mean a part or a portion but does not refer to total amount or all amount
of the material of interest (by volume or by weight). The terms "%" and "part(s)"
representing a quantitative proportion or ratio are those based on volume or weight, unless
otherwise specifically noted. In accordance with the process of the invention, polishing slurry
is circulated through a polishing system. Unless otherwise specifically noted, the polishing
slurry term “polishing slurry” of this invention may be applied to newly-formulated slurry,

recycled slurry or combinations.

Process for manufacturing glass substrate for information recording medium
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In general, a substrate is manufactured by carrying out a plurality of the following processes

in order:
a) a process for forming a raw glass material into a disk-like shape;

b) a process for chamfering the inner and outer peripheral portions of the disk-like glass

product;

c) a process for lapping the glass product to a predetermined plate thickness; d) a polishing
process for making the surface of the glass product smooth by grinding; and

e) a process for chemically strengthening the surface thereof.

A glass substrate for magnetic disk as an information recording medium (hereinafter, simply
referred to as glass substrate) is made of a glass workpiece. A glass substrate can be formed
of a glass comprising SiO2 as a main component for forming a glass network structure. Other
components such as Al203, ZrO3, CaO, BaO, LiO2 and Na20 may be also used as the
essential components to contribute an increasing glass transition temperature, an improved

durability, stabilization of a glass structure and an improved rigidity of the glass substrate.

The polishing process includes a grinding and polishing operation for the purpose of
obtaining a required flatness and surface smoothness of the surface where a recording layer is
formed. Generally, this process may be carried out in several steps such as rough grinding,

fine grinding, primary polishing, and secondary polishing steps.

Even the glass substrate has surface hardness, it can suffer flatness variation during a
mechanical process such as polishing. Polishing of a glass substrate is conducted after
lapping. The polishing machine comprises an upper polishing plate for pressing the substrate
and a lower polishing plate for supporting the substrates. These polishing plates are arranged
coaxially with each other. Additionally, a plurality of carries, which performs sun-and-planet
rotation while holding the substrates, is arranged between the upper polishing plate and the
lower polishing plate in the circumferential direction thereof. A substrate is fitted in a
through-hole of each carrier and moved together with the carrier. By rotating the polishing
plates, both surfaces of each substrate can be polishéd. Therefore, various studies have been

made to prevent the problem of deterioration of the degree of flatness of the glass substrate.
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The polishing slurry of the invention is a slurry dispersion of colloidal particles in water. The

colloidal particles comprise metal oxide as the abrasive component. The metal oxide that may
be used includes, but is not limited to, alumina, silica, copper oxide, iron oxide, nickel oxide,

manganese oxide, silicon carbide, silicon nitride, tin oxide, titania, titanium carbide, tungsten

oxide, yttria, zirconia, and combinations thereof. The metal oxide may be individual single

particles or aggregates of individual particles.

The method for reducing variations in surface height of a glass substrate of the invention is
applicable to various glass substrates to be processed with a polishing machine, such as color
filter substrates, especially suitable for use in producing a glass substrate for electronic

device, such as magnetic disk, which is required to have high precision and high quality.

Slurry recirculation is normally not preferred because glass sludge and other waste products
of the slurry are practically impossible to distinguish from the original slurry particles, and it
is extremely difficult to control their size and unable to be filtered and undergo circulated in
the process. In consequence, the solid particle content of the re-circulated slurry continuously
increases with time. The result of particle contamination in recycled slurry can be scratching
of the glass substrate surface and increased surface roughness and also affect flatness
variation. To avoid such the problems, the slurry is simply used once and then disposed of as
a waste. As a result, the cost of information recording medium is increased due to the

polishing slurry and slurry waste disposal.

Additionally, it has been found that the flatness of glass substrates among batches of any
certain slurry life circulated in a polishing or lapping process due to decrease of slurry
concentration at late stages of slurry circulation, especially when the slurry is used up to 75%
of the slurry circulation, because of water input during load and unload glass substrate steps,

smaller particle size of the slurry.

It is the object of the present invention to reduce flatness variation of the glass substrate
among batches by maintaining a level of grinding slurry concentration circulated in lapping

or polishing process.
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According to the nature of non-homogeneous liquid mixture of slurry, slurry powder
becomes precipitated after a period of time resulting in separation of slurry into multi-
concentration levels, an above portion is low slurry concentration while and a bottom portion
is high slurry concentration. The low concentration portion may be replaced by new-
formulated or recycled slurry so as to maintain the slurry concentration in the circulation

system.

In addition, as discussed above, glass sludge derived from the polishing or lapping process
normally mix into the slurry and will be circulated in the polishing or lapping process causing
defect on flatness of the glass substrate. The glass sludge derived from the polishing or
lapping process can be eliminated from the slurry circulation by filtration. However, mesh
size of the filtration must not to small because the grinding particles will be also stuck in the
filtration. Therefore, only large particles of the glass sludge can be eliminated by the
filtration, but small particles of glass sludge will be discharged. Since the small particles are
light, it floats to a surface or the above portion of the slurry.

It is also another object of this invention to remove glass sludge from the shurry circulation.

The method disclosed herein can be applied to a variety of grinding slurry compositions

which includes common compositions containing at least one chemically reactive agent.

According to the present invention, a multi-batch polishing process is carried out. However,
regardless of whether or not a single-stage polishing process or a multi-stage polishing

process is carried out, the first polishing is preferably performed by newly-formulated slurry.

The polishing system contains a slurry tank connected to the polishing station and configured
to receive recycled polishing slurry including rinse fluid, such as water, glycol or others. In
one embodiment, the slurry tank may be coupled to multiple polishing stations and
configured to collect recycled polishing slurry and rinse fluid from multiple polishing
stations.In one embodiment, the method of manufacturing glass substrates for information

recording medium comprising steps of:

(A) removing at least a portion of polishing slurry including glass sludge from a slurry
tank;
(B) adding another amount of newly-formulated slurry to the slurry tank
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wherein the concentration of the added slurry of step (B) is higher than the concentration of
the slurry of step (A) removed from the slurry tank so as to suppress flatness variation of
glass substrate among batches by maintaining a level of slurry concentration circulated in

lapping or polishing process.

It is preferably the slurry is allowed to become precipitated prior to proceeding step (A).

In one aspect of this embodiment, not over 50 % (v/w) of the slurry in step (A) is removed
from the slurry tank. Preferably, 25-45% (v/w) of the slurry in step (A) is removed from the
slurry tank.

In another aspect of this embodiment, not over than 20 % (v/w) of the slurry in step (B) is
added to the slurry tank. Preferably, 10-15% (v/w) of the slurry in step (B) is added to the
slurry tank.

In another embodiment, the polishing system contains a slurry tank connected to the
polishing station and a retention tank. The retention is configured to retain the polishing
slurry taken from the slurry tank, reusable polishing slurry will be generated and recycled to
the slurry tank.

In another embodiment, the method of manufacturing glass substrates for information

recording medium comprising steps of:
(A) taking at least a portion of the slurry from a slurry tank to a retention tank;

(B) allowing the slurry in the retention tank separated into low concentration and
high concentration;

(C) excluding the low concentration of slurry of step (B) from the retention tank;

(D) circulating residual slurry of step (C) from the retention tank to the slurry tank.



10

15

20

25

WO 2013/015751 PCT/TH2011/000030
8

wherein the concentration of the taken slurry at step (E) is higher than the concentration of
the residual slurry of step (C) circulated to the slurry tank tank so as to suppress flatness
variation of glass substrate among batches by maintaining a level of polishing slurry

concentration circulated in the process.

In a preferable aspect, the slurry is allowed to become precipitated prior to proceeding step
(A) in the slurry tank.

In another preferable aspect, the slurry is allowed to become precipitated prior to proceeding

step (B) in the retention tank.

In one aspect of this embodiment, the method according to this embodiment further
comprising a step of removing another amount of the above portion of the slurry including
glass sludges from the slurry tank prior to conduct the step (D). Preferably, not over 50 %
(v/w) of the slurry in this step is removed from the slurry tank. More preferably, 25-45%
(v/w) of the slurry in this step is removed from the slurry tank.

In another aspect of this embodiment, not over than 20 % (v/w) of the slurry in step (D) is
added to the slurry tank. Preferably, 10-15% (v/w) of the slurry in step (D) is added to the
slurry tank.

In the embodiment described above, glass sludge can be removed out from the slurry

circulation at either step (A) or (C).

In any embodiments of this invention, the method is applied to any batches at late stage of
slurry circulation. It is preferably the method is applied to any batch when the slurry is used
up to 75% of the slurry circulation.

It is preferably that the slurry removed from step (A) in any embodiments of this invention is

an exceeding amount of the slurry concentration flowing out from the slurry tank.
EXAMPLES

The invention will be explained below in detail by reference to Examples of the invention
and Comparative Examples. The invention should not be construed as being limited to the

constitutions of the following Examples.
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An example process of manufacturing large quantities of 2.5 inch (65 mm) glass substrates
for use in high capacity information recording mediums will now be described hereinafter
with references to some examples and comparative examples. In representing the production
of large quantities of glass substrates, one hundred glass substrates were produced in each
substrate production process, and each process was repeated for one hundred times so as to
produce a total of 10,000 glass substrates for each of the examples and comparative examples.
It is to be understood herein that example embodiments of said method are applicable to other
types of substrates and those of other predetermined sizes and shapes, such as those that are

2.5 inches (65 mm), 1.8 inches (48 mm),.

Description is made on an example using a glass substrate with a disk shape having
dimensions of an outer diameter of 65 mm, an inner diameter of 20 mm, and a thickness of

0.635 mm.

The flatnesses of glass substrates were measured for all batches by laser interferometric

flatness tester,

Comparative Example

The slurry is circulated for 20 batches of glass substrates in lapping process. At last batch, the

amount slurry is increased as compared intial state because water injection among batch.

After lapping process, Glass substrate is measured the flatness .And the flatness variations

were measured per each batches .

Example 1

The slurry is circulated for 20 batches of glass substrates in lapping process. The following
steps are applied to batch no. 15:

- allowing the slurry to become precipitated for 10-15 min;
- excluding 10 Liters of the above portion of slurry from a slurry tank;
- adding 3 Liters of newly-formulated slurry to the slurry tank.
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The slurry is circulated for 20 batches of glass substrates in lapping process. The following

steps are applied to batch no. 15:

- allowing the slurry in the slurry tank to become precipitated for 10-15 min;

5 - letting at least 5 Liters of a above portion of the slurry flowing out from a slurry tank

to the retention tank;

- allowing the slurry in the retention tank to become precipitated for 10-15 min;

- excluding an amount of the above portion in the retention tank until the slurry is

decreased to be 3 Liters;

10 - removing another 10 Liters of the above portion of the slurry from the slurry tank;

- circulating 3 Liters from the retention tank to the slurry tank.

Flatness variation ratio regarding

Comparative Example

Comparative Example

1

Example 1

0.75

15 | Example 2

0.80

Additional advantages and modifications will readily occur to those skilled in the art.

Therefore, the invention in its broader aspects is not limited to the specific details and

illustrative examples shown and described herein.

Accordingly, various modifications may be made without departing from the spirit or scope

20 of the general inventive concept as defined by the appended claims and their equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows polishing slurry circulation

Figure 2 shows polishing slurry circulation including retention tank
BEST MODE FOR CARRYING OUT THE INVENTION

As disclosed in the detailed description of the invention.

PCT/TH2011/000030
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CLAIMS

1. A method of manufacturing glass substrates for information recording medium comprising

steps of:

(A) removing at least a portion of polishing slurry including glass sludge from a slurry
tank;
(B) adding another amount of newly-formulated slurry to the slurry tank

wherein the concentration of the added slurry of step (B) is higher than the concentration of
the slurry of step (A) removed from the slurry tank so as to suppress flatness variation of
glass substrate among batches by maintaining a level of slurry concentration circulated in

lapping or polishing process.

2. The method according to claim 1 wherein the slurry is allowed to become precipitated
prior to proceeding step (A) and then an amount of the above portion of slurry of step (A) is
removed from a slurry tank.

3. The method according to claim 1 or claim 2 wherein not over than 50 % (v/w) of the

slurry in step (A) is removed from the slurry tank.

4. The method according to anyone of preceding claims wherein the slurry removed from

step (A) is an exceeding amount of the slurry flowing out from the slurry tank.

5. The method according to anyone of preceding claims wherein the method is applied to any

batches of middle or late stage of slurry circulation.

6. The method according to claiml wherein the method is applied to any batch when the

slurry is used up to 75% of the slurry circulation.

7. A method of manufacturing glass substrates for information recording medium comprising

steps of:
(A) taking at least a portion of the slurry from a slurry tank to a retention tank;

(B) allowing the slurry in the retention tank separated into low concentration and

high concentration;
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(C) excluding the low concentration of slurry of step (B) from the retention tank;

(D) circulating residual slurry of step (C) from the retention tank to the slurry tank.

wherein the concentration of the taken slurry at step (E) is higher than the concentration of
the residual slurry of step (C) circulated to the slurry tank tank so as to suppress flatness
variation of glass substrate among batches by maintaining a level of slurry concentration

circulated in lapping or polishing process.

8. The method according to claim 7 wherein the slurry is allowed to become precipitated
prior to proceeding step (A) in the slurry tank and then an amount of the above portion of

slurry of step (A) is removed from a slurry tank.

9. The method according to claim 7 or claim 8 further comprising a step of removing another
amount of the above portion of the slurry including glass sludges from the slurry tank prior to
conduct the step (D)

10. The method according to claim 9 wherein the removed slurry is not over 50 % (v/w).

11. The method according to anyone of claims 7 to 10 wherein the slurry taken from step (A)
is an exceeding amount of the slurry flowing out from the slurry tank.

12. The method according to anyone of claims 7 to 10 wherein the method is applied to any

batch when the slurry is used up to 75% of the slurry circulation.

13. The method according to anyone of claims 7 to 10wherein glass sludge is removed out

from the slurry tank at step (A).

14. The method according to anyone of claims 7 to 10wherein glass sludge is removed out

from the retention tank at step (C).
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