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BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001]
The present invention relates to a manufacturing method
of a glass substrate for a magnetic disc, a glass substrate for
a magnetic disc, and a magnetic disc used as a recording medium

of computer or the like.

2. Description of the Prior Art
[0002]

Along with advancement of information technology,
information recording technology, especially magnetic
recording technology has been significantly improving. A
glass substrate which can achieve space saving, flattening, and
high density recording and has superior flatness of the
substrate surface and substrate strength to those of an aluminum
substrate, which has been conventionally used, is replacing the
aluminum substrate as a substrate for a magnetic recording
medium such as a hard disc drive (HDD).

[0003]

Moreover, as density growth of magnetic recording



a magnetic disc, and a magnetic disc used as a recording nedium of conputer
or the like. 2. Description of the Prior Art [0002] Al ong w th advancenent
of information technology, information recording technology, especially
magnetic recording technol ogy has been significantly inproving. A glass
substrate which can achi eve space saving, flattening, and high density
recordi ng and has superior flatness of the substrate surface and substrate
strength to those of an alum num substrate, which has been conventionally
used, is tephacingythe prabameneel substagate ias haasubstr ahenford aromgaeti c
recordlngthin film head to a magnetoresistance head (MR head) to a giant
magnetoresistance head (GMR head). Further, floating amount
of a magnetic head from a substrate has been narrowed from 8nm
to about 6 nm. In a magnetic head mounting such a
magnetoresistance element, there may be a case where a head
crash or thermal asperity occurs as a trouble unique to such
a head.

10004]

Thermal asperity is a trouble which causes a reading error
when a magnetoresistance element 1s heated by adiabatic
compression of air or by contact by a magnetic head when the
magnetic head 1is in float flight and passes above minute
convexity or concave portion on a magnetic disc surface.
Therefore, extremely high-level smoothness and flatness are
required on the surface of a magnetic disc for a magnetic head
mounting a magnetoresistance element. Moreover, if a magnetic
layer is formed while dust or a foreign matter adheres on the
glass substrate surface, a convex portion is formed. Therefore,
high level cleaning to prevent dust and to remove a foreign
matter so that a convex or a concave portion is prevented is
required for the glass substrate.

[0005]

Under the above-mentioned circumstance, importance of
smoothness on a substrate edge surface has been recognized. As
an inspection method for smoothness of a glass substrate, there
is known a method using an automatic optical inspection
apparatus (AOI), an optical surface analyzer (OSA) or the like

to judge whether or not there is an extraneous matter or concave

or convex problem by irradiating light on the surface of the



medi um such as a hard disc drive (HUD). 0003] Moreover, as density growh of
magnetic recording 1 technology is progressed, a magnetic head has changed
froma thin filmhead to a nagnetoresi stance head (MR head) to a giant
magnet or esi stance head (GWR head). Further, floating anount of a nagnetic
head from a substrate has been narrowed from8nm to about 6 nm In a
magneti ¢ head nounting such a magnetoresistance elenent, there may be a
case where a head crash or thermal asperity occurs as a trouble unique to
such a heddss substrate. The existence of the problem is detected by

strength or displacement of reflected light or the like (e.qg.,
refer to the Patent Document 1).

[Patent Document 1] Japanese Unexamined Patent Publication No.
2007-256133

[0006]

There may be a case where a foam, unmolten glass component,
inclusion such as platinum or zirconium is included inside a
glass substrate in a manufacturing process. Because the
inclusion exists inside the glass substrate and does not exist
on the surface of the substrate, the inclusion does not
influence the smoothness of the surface of the glass substrate.
Therefore, the inclusion does not influenée the quality of the
glass substrate and does not cause a head crash or a thermal
asperity.

[0007]

However, according to a technique described in the Patent
Document 1, it is not possible to distinguish between a concave
or convex problem included in the surface and inclusion.
Therefore, the inclusion which does not influence the quality
of a glass substrate was misjudged as defective and a glass
substrate including the inclusion was discarded as a defective
item having a possibility to cause a head crash or a thermal

asperity.

SUMMARY OF THE INVENTION
[0008]
Therefore, the present invention aims at providing a
manufacturing method of a glass substrate for a magnetic disc,

a glass substrate for a magnetic disc, and a magnetic disc which



[ 0004] Thernmal asperity is a trouble which causes a reading error when a
magnet oresi stance elenent is heated by adiabatic conpression of air or by
contact by a magnetic head when the magnetic head is in float flight and
passes above mnute convexity or concave portion on a magnhetic disc
surface. Therefore, extrenely high-level snoothness and fl atness are
required on the surface of a magnetic disc for a magnetic head nounting a
magnet or esi stance el enment. Mreover, if a magnetic layer is fornmed while
dust or achorieigrovaayi et dadhergs senstihet rgl @by GiHIstraties siurd aetyean convex
portion is forned. Therefore, high |level cleaning to prevent dust and to
renove a ﬁ@répghu31on generated in a manufacturing process of a glass

substrate and a concave or convex problem included in the

surface of a substrate.

[0009]

To solve the above-mentioned problem, a typical

configuration of a manufacturing method of a glass substrate

for a magnetic disc according to the present invention 1is a

manufacturing method of a discotic glass substrate for a

magnetic disc having an inner hole at the center including: a

substrate condition measuring step for irradiating light to a

substrate and measuring either or both of strength and

displacement of a light reflected from the substrate; a defect

inner surface position specifying step for specifying an inner

surface position of a defect included in the substrate on the

basis of either or both of the measured strength and

displacement of the light; a surface defect judging step for

judging whether or not a defect with specified inner surface

position is on the surface of the substrate on the basis of the

number of images formed at an inner surface position by an image

forming means; and a non-defective judging step for judging

whether or not the substrate is non-defective on the basis of

a result of the surface defect judging step.

[0010]

According to the above-mentioned configuration, inner

surface position of a defect can be specified, whether or not

the specified defect is on the surface can be judged on the basis

of the number of images obtained by the image forming means,

and it becomes possible to judge whether or not the defect is

a true defect. Therefore, a substrate including an inclusion



matter so that a convex or a concave portion is prevented is

required for

the gl ass substrate. [0005] Under the above-nentioned circunstance,
i mportance of snoothness on a substrate edge surface has been recogni zed.

As an inspection nmethod for snoothness of a glass substrate,

there is

known a nmethod using an automatic optical inspection apparatus (ACT ), an
optical surface analyzer (CSA) or the like to judge whether or not there is
an extraneous natter or concave or convex problemby irradiating |light on

the surfageieh hhe blefl as8gsubsd rt@ctiRe exiist eneedokchhacpr gbbemi s

detected by
becomes possible to improve the yield.

[0011]

Another typical configuration of a manufacturing method

of a glass substrate for amagnetic disc according to the present

invention is a manufacturing method of a discotic glass

substrate for a magnetic disc having an inner hole at the center

including: a substrate condition measuring step for irradiating

light to a substrate and measuring either or both of strength

and displacement of a light reflected from the substrate; a

defect inner surface position specifying step for specifying

an inner surface position of a defect included in the substrate

on the basis of either or both of the measured strength and

displacement of the light; a surface defect judging step for

judging whether or not a defect with specified inner surface

position is on the surface of the substrate on the basis of the

distance to the defect measured by a distance measuring means

at the inner surface position; and a non-defective judging step

for judging whether or not the substrate is non-defective on

the basis of a result of the surface defect judging step.

[(0012]

According to the above-mentioned configuration,

inner

surface position of a defect can be specified and whether or

not the specified defect is on the surface can be judged on the

basis of the distance to the defect obtained by the distance

measuring means and it becomes possible to judge whether or not

the defect is a true defect. Therefore, a substrate including

an inclusion which has been judged as defective will not

discarded and it becomes possible to improve the yield.

(0013]



strength or displacenent of reflected light or the like (e.g., refer to the

Pat ent Docunent |j. [Patent Docunent 1] Japanese Unexam ned Patent
Publ i cation No. 2007-256133 10006] There may be a case where a foam
unnol t engl ass conponent, inclusion such as platinumor zirconiumis

included inside a glass substrate in a manufacturing process. Because the
i nclusion exists inside the glass substrate and does not exist on the
surface of the substrate, the inclusion does not influence the snoothness
of the surface Ohet heagkassrsiuhst nates mdhepef of eopt heal nel usé orwwoes not
i nfluence the quality of the

[0014?

Thus, it becomes possible to easily judge whether the
defect is included in the surface of the glass substrate or is
an inclusion by counting the number of images, that is, number
of focal points. For example, if there is a defect on the
surface, number of the focal points is two whereas the number
is four in case of the inclusion.

[0015]

The distance measuring means may be a focal point type
ultrasonic sensor.
[0016]

Detecting reflected wave in the focal point type
ultrasonic sensor enables to measure distance from a bottom
surface to an upper surface (surface) of the glass substrate.
That is, if the defect is included in the surface of the glass
substrate, distance from the bottom surface to the upper surface
exceeds a range of a predetermined value and if the defect is
an 1inclusion, the distance 1is within the range of the
predetermined value. Therefore, it becomes possible to easily
distinguish whether the defect is included in the surface of
the glass substrate or is an inclusion.

[0017]

The light reflected from the substrate in the substrate
condition measuring step may be either or both of a scattering
light and a diffracted light.

[0018]

If either or both of the scattering light and the

diffracted light are measured, it becomes possible to detect

a defect or an inclusion of 0.1 un@ or so.



gl ass substrate and does not cause a head crash or a thernmal asperity.

[ 00077 However, according to a technique described in the Patent Docunent
1, it is not possible to distinguish between a concave or convex problem
included in the surface and inclusion. Therefore, the inclusion which does
not influence the quality of a glass substrate was m sjudged as defective
and a glass substrate including the inclusion was discarded as a defective
item having a possibility to cause a head crash or a thernmal asperity.
SUVMVARY OFOTHE]I NVENTI ON

To solve the above-mentioned problem, a glass substrate
for a magnetic disc according to the present invention is
manufactured by the above-mentioned manufacturing method of a
glass substrate for a magnetic disc.

[0020]

To solve the above-mentioned problem, a magnetic disc
according to the present invention includes at least a magnetic
layer formed on a surface of a glass substrate obtained by the
above-mentioned manufacturing method of a glass substrate for
a magnetic disc.

[0021]

A configuration element on the basis of a technical idea
of the above-mentioned manufacturing method of a glass
substrate for a magnetic disc and explanation thereof can be
applied to the glass substrate for a magnetic disc and the
magnetic disc.

[0022]

According to the present invention, it becomes possible
to improve yield of a glass substrate by distinguishing between
an inclusion generated in a manufacturing process of a glass

substrate and concave or convex defect included in a surface.

BRIEF DESCRIPTION OF THE DRAWINGS
The various features of novelty which characterize the
invention are pointed out with particularity in the claims
attached to and forming a part of this specification. For a
better understanding of the invention, its operating advantages,
and specific objects attained by its use, reference should be

had to the accompanying drawing and descriptive matter in which



[0008] Therefore, the present invention ains at providing a manufacturing
nmet hod of a glass substrate for a magnetic disc, a glass substrate for a
magneti c disc, and a magnetic disc which 3 can inprove yield of a glass
substrate by distingui shing between an inclusion generated in a

manuf acturi ng process of a glass substrate and a concave or convex problem
included in the surface of a substrate. [0009] To solve the above-nentioned

problem a typical configuration of a manufacturing nethod of a gl ass
substrat ethere is illustrated and described a preferred embodiment of

the invention.
[FIG. 1]

An explanatory view explaining a defect on a main surface
of a glass substrate for a magnetic disc.
[FIG. 2]

A flowchart for explaining a flow of a manufacturing
method of a glass substrate for a magnetic disc according to
an embodiment.

[FIG. 3]

An explanatory view for explaining a measuring method in
a substrate condition measuring step.

[FIG. 4]

An explanatory view for explaining a defect which can be
detected by a detector unit of a surface defect detection unit.
[FIG. 5]

An explanatory view for explaining a measuring method in

a surface defect judging step.

The Best Mode for Carrying Out the Claimed Invention
[0023]

Hereinafter, a preferred embodiment of the present
inventionwill be explained indetail with reference to attached
figures. Dimension, material, and other specific numeric
values are just examples for ease of understanding of the
invention and the present invention is not limited thereto if
not otherwise specified. Here, in the present application and
drawings, same reference numerals are denoted to elements
having substantially same function or configuration to omit

redundant explanation thereof and an element which 1s not



for a magnetic disc according to the present invention is a manufacturing
nmet hod of a discotic glass substrate for a magnetic disc having an inner
hole at the center including: a substrate condition neasuring step for
irradiating light to a substrate and nmeasuring either or both of strength
and displacenent of a light reflected fromthe substrate; a defect inner
surface position specifying step for specifying an inner surface position
of a defect included in the substrate on the basis of either or both of the
measur ed dtrengiih amhtel spl dbenpnesehtt hevénghon i swntf abewdefecthg udgi ng
step for judging whether or not a defect with specified inner surface
posi ti on F§2BANERe surface of the substrate on the basis of the

[0024]

As a result of a keen discussion by the inventors of the
present invention on a defect detected by a conventionally
carried out inspection method to inspect smoothness of a glass
substrate for a magnetic disc, the inventors found out that the
defects included a defect which influenced the smoothness and
a defect which did not influence the smoothness and it became
possible to improve yield by judging whether or not the defect
influenced the smoothness to carry out defective/non-defective
product checking and completed the present invention.

[0025]

That 1is, conventionally, before a glass substrate was
shipped, a light was irradiated on a main surface of the glass
substrate for inspection to judge whether or not the glass
substrate was a defective product. However, when a defect of
a glass substrate, which was judged as defective by the checking
to irradiate light, was checked in detail, it was found out that
the defect did not exist on the main surface.

[0026]

Then, the inventors made a research on a spot judged as
defective by the inspection in which light was irradiated and
found out that an inclusion existing in a glass substrate was
also regarded as defective in the inspection in which light was
irradiated. The inventors also found out that an inclusion
judged as defective by the inspection in which light was
irradiated did not actually influence the smoothness of the main
surface of the glass substrate.

[0027]



nunber of inmages fornmed at an inner surface position by an inmage formng
means; and a non-defective judging step for judging whether or not the
substrate is non-defective on the basis of a result of the surface defect
judgi ng step. [0010] According to the above-nentioned configuration, inner
surface position of a defect can be specified, whether or not the specified
defect is on the surface can be judged on the basis of the nunber of imges
obtained by the imge form ng neans, and it becones possible to judge

whet her or not Th@r@é®9@t Ltse areseetdefreodin®her défrorleides substraaes

|nclud|ng an |ncluglon
fect judging step for further inspecting a spot judged as a

defect in an inspection in which a light was irradiated, and
non-defective judging step for judging whether or not the glass
substrate is non-defective on the basis of a result of the
surface defect judging step. Explanation thereof will be given
below.
[0028]

First, a glass substrate for a magnetic disc according
to the present embodiment will be explained. FIG. 1 is an
explanatory view explaining a defect on amain surface of a glass
substrate for a magnetic disc.

[0029]

The above-mentioned glass substrate for a magnetic disc
has a discotic shape and an inner hole is formed at the center
thereof. Then a glass substrate 100 for a magnetic disc
includes a main surface 110 which becomes a recording and
replaying area of information, an edge surface 120 orthogonal
to the main surface 110, and a chamfering surface 130
intervening between the main surface 110 and the edge surface
120. Here, because there may be a case where a boundary between
the edge surface 120 and the chamfering surface 130 becomes
vague 1in the later-described edge surface polishing step, it
is assumed that the present invention includes a case where the
edge surface 120 and the chamfering surface 130 are integrated
to configure one curved surface.

[0030]

Themain surface 110 is an area for recording and replaying

information and therefore is substantially smooth so that a

recording head can float and run. However, in a process of

10



whi ch has been judged as defective will not discarded and it becones
possible to inprove the yield. 00111 Another typical configuration of a
manuf acturing method of a glass substrate for a magnetic disc according to
the present invention is a manufacturing nethod of a discotic glass
substrate for a magnetic disc having an inner hole at the center i ncluding:
a substrate condition neasuring step for irradiating light to a substrate
and nmeasuring either or both of strength and displacenent of a |ight

refl ect edMBpgArchardupsthat elaas defsctatiqndl0 sy caceepoditiech $hecifying

for i.fyin n. i_nner rf ition of f i ncl inth
:ngtrgte%gﬁglg¥.m§kték) 14%6(F%g.]?%S)E?Satcé%cé%e geggcgcgby'agdgggge the

or a flaw) 142 (FIG. 1 (b)), or an inclusion 150 (FIG. 1 (c))
may be formed on the main surface 110. Otherwise, an extraneous
matter (particle) may adhere on the main surface of the glass
substrate 100 for a magnetic disc in the manufacturing process
of the glass substrate 100.

[0031]

Next, a manufacturing method of a glass substrate for a
magnetic disc according to the present embodiment will be
explained.

[0032]

FIG. 2 is a flowchart for explaining a flow of a
manufacturing method of a glass substrate for a magnetic disc
according to the present embodiment.

[0033]

First, a light is irradiated to the flat, smooth, and
highly rigid glass substrate 100 for a magnetic disc
manufactured by later-described first wrapping step, cutting
step, edge surface polishing step, second wrapping step, first
and second wrapping steps, and chemical strengthening step to
measure either or both of strength and displacement of the light
reflected from the glass substrate 100 for a magnetic disc
(5200: substrate condition measuring step).

[0034]

FIG. 3 is an explanatory view for explaining a measuring
method in the substrate condition measuring step S200. As shown
in FIG. 3, the substrate condition measuring step S200 1is
carried out by use of a surface defect detection apparatus (AOI)

300. The surface defect detection apparatus 300 includes two

11



on the basis of either or both of the neasured strength and displacenent of
the light; a surface defect judging step for judging whether or not a
defect with specified inner surface position is on the surface of the
substrate on the basis of the distance to the defect neasured by a distance
measuring nmeans at the inner surface position; and a non-defective judging
step for judging whether or not the substrate is non-defective on the
basis of a result of the surface defect judging step. [CCl2] According to
t he aboveiwerti ohddseanBDgufHidoand H0Er) , Surdratgprpestf ideneoft casdédéct can
be specified and whether or not the specified defect is on the surface can
be judged(§H4?he3O4b' 304c, and 304d), and a half mirror (or a beam
splitter) 306.
[0035]
The laser 302a is a semi-conductor laser having a wave
length of 780 £ 15 nm and beam diameter of 120 um X 15 pmand
the laser 302b is a semi-conductor laser having a wave length
of 670 = 10 nm and beam diameter of 2000 pum X 7005 pum. The
detector 304 includes photodetectors.
[0036]
FIG. 4is anexplanatory view forexplaininga defect which
can be detected by the detector 304 of the surface defect
detection apparatus 300.
[0037]
In a case where inspection is carried out by the detector
304a using the laser 302a, a scattering light reflected from
a defect included on the main surface of the glass substrate
100 for a magnetic disc is detected. Thus, the detector 304a
can detect an extraneous matter or a concave defect of 0.1 u
m® or so. In a case where inspection is carried out by the
detector 304b using the laser 302a, change in amount of a
scattering diffracted light having directionality which 1is
reflected froma defect included on themain surface of the glass
substrate 100 for a magnetic disc 1s detected. Thus, the
detector 304b can detect an extraneous matter, a concave defect
of 0.1 um® or so or an inclusion. In a case where inspection
1s carried out by the detector 304c using the laser 302a, an
increase or decrease of a specular reflection light from a

defect included on the main surface of the glass substrate 100

for a magnetic disc is detected. Thus, the detector 304c can

12



basis of the distance to the defect obtained by the distance neasuring
means and it becones possible to judge whether or not the defect is a true
defect. Therefore, a substrate including an inclusion which has been judged
as defective will not discarded and it becomes possible to inprove the
yield. [0013] 5 The inmage form ng neans may be an optical -m croscope.
[0014] Thus, it becomes possible to easily judge whether the defect is
included in the surface of the glass substrate or is an inclusion by

counti ng tkéegtmberormfes mEges;t tthathi Spepundereasily cause scattering

or diffraction, a concave defect, a concave defect of 1 unﬁ
or more or an inclusion.
[0038]

In a case where inspection is carried out by the detector
304d using the laser 302b, an increase or decrease of a specular
reflection light from a defect included on the main surface of
the glass substrate 100 for a magnetic disc is detected. Thus,
the detector 304d can detect a mild convex defect or a mild
concave defect which does not easily cause scattering or
diffraction.

[0039]

Next, inner surface position of the defect included in
the glass substrate 100 for a magnetic disc is specified on the
basis of either or both of strength and displacement of the light
measured in S200 (S202: defect inner surface position
specifying step). It is judged whether or not the defect with
specified inner surface position is on the surface of the glass
substrate 100 for a magnetic disc (S204: surface defect judging
step) .

[0040]

FIG. 5 is an explanatory view for explaining a measuring
method in the surface defect judging step S204. 1In the present
embodiment, an image forming means in the surface defect judging
step S204 includes an optical microscope. As shown in FIG. 5
(a), 1n a case where the defect detected in the measurement in
the substrate conditionmeasuring step S200 is the convex defect
140, number of images formed by the optical microscope, that
is, number of focal points (indicated by X in FIG. 5) is two.

On the other hand, if the defect is the inclusion 150 (FIG. 5

13



of focal points. For exanple, if there is a defect on the surface, nunber
of the focal points is two whereas the nunber 1is four in case of the

i nclusion. [0015] The di stance neasuring nmeans may be a focal point type
ultrasonic sensor. [0016] Detecting reflected wave in the focal point type
ul trasoni c sensor enables to neasure distance froma bottom surface to an
upper surface (surface) of the glass substrate. That is, if the defect is
included in the surface of the glass substrate, distance fromthe bottom
surface tobt he uppeumperf aefocal points by measurement by the optical

microscope is three.
[0041)]

Therefore, it becomes possible to easily judge whether
or the defect is included in the surface of the glass substrate
100 or is an inclusion 150 by the number of focal points.
[0042]

In the present embodiment, the optical microscope is used
as the image forming means in the surface defect judging step
S204. However, the step may be carried out on the basis of
distance to the defect measured by a distance measuring means.
A focal point type ultrasonic sensor may be used as the distance
measuring means, for example.

[0043]

In a case where the focal point type ultrasonic sensor
is used, whether the defect is included in the surface of the
glass substrate 100 or is an inclusion 150 is judged on the basis
of a reflected wave. That is, it becomes possible to measure
distance between the bottom surface and the main surface 110
(upper surface) of the glass substrate 100 by detecting the
reflected wave of the focal point type ultrasonic sensor.
Therefore, if the defect is the convex defect 140, the distance
between the bottom surface and the main surface 110 becomes
larger than a predetermined value and if the defect is the
concave defect 142, the distance between the bottom surface and
themain surface 110 becomes smaller than a predetermined value.
Moreover, 1f the defect 1s the inclusion 150, the distance
between the bottom surface and the main surface 110 becomes
within a range of a predetermined value. Thus, it becomes

possible to easily judge whether the defect is included in the

14



exceeds a range of a predeterm ned value and if the defect is an inclusion,
the distance is wthin the range of the predeterm ned value. Therefore, it
beconmes possible to easily distinguish whether the defect is included in
the surface of the glass substrate or is an inclusion. [0017] The Iight
reflected fromthe substrate in the substrate condition neasuring step may
be either or both of a scattering light and a diffracted |ight. [0018] If
either or both of the scattering light and the diffracted light are

nmeasur ed, stk fbeconestpoessibke tobdetect 100 or is an inclusion.

[0044]

Here, since the glass substrate 100 is a discotic
rotationally symmetric shape, specified position of the defect
may be easily lost when the glass substrate 100 is transferred
from the surface defect detection apparatus 300 to the image
forming means such as an optical microscope after the position
is specified in the defect inner surface position specifying
step (S202). However, if the glass substrate 100 itself 1is
marked, the mark itself becomes a defect of the glass substrate
100. Therefore, to maintain the position of the defect of the
glass substrate 100, it is preferable that the two detection
steps are carried out while the glass substrate 100 is retained.
For example, each of the detection steps may be carried out while
the substrate 100 is retained by a manipulator which can move
between two apparatuses or may be carried out by substantially
integrating the surface defect detection apparatus 300 and the
optical microscope.

[0045]

In a case where it is judged that the defect is not included
in the surface, that is, the defect is judged as an inclusion
as a result of the surface defect judging step 5204, the
substrate is Jjudged as non-defective (5206: non-defective
judging step) and becomes a non-defective product (S208:
non-defective determination step). If it is judged that the
defect is included in the surface as a result of the surface
defect judging step S204, it is judged whether or not the defect
exceeds permissible threshold (S210: threshold judging step).
If the defect does not exceed the threshold, the substrate is

judged as non-defective (S206). If the defect exceeds the

15



a defect or an inclusion of 0.1 u m or so. 6 [0019] To solve the
above-nenti oned problem a glass substrate for a magnetic disc according to
the present invention is nmanufactured by the above-nentioned manufacturing
met hod of a glass substrate for a nagnetic disc. [0020] To sol ve the
above-nentioned problem a nmagnetic disc according to the present invention
I ncl udes at | east a magnetic |ayer forned on a surface of a glass substrate
obtai ned by the above-nentioned manufacturing nethod of a glass substrate

for threshold, the substrate is Fjudged as defective (S212:
defective determination step).
[004¢6]

By the manufacturing method of the glass substrate 100
for a magnetic disc according to the present embodiment, yield
which was conventionally 93% is improved to around 95%.
[0047]

As mentioned above, according to themanufacturing method
of the glass substrate 100 for a magnetic disc according to the
present embodiment, inner surface position of a defect is
specified in the defect inner surface position specifying step
5202 and whether or not the defect thus specified is on the
surface in the surface defect judging step S204 and it becomes
possible to judge whether or not the defect is a true defect.
Therefore, a glass substrate including an inclusion which has
been conventionally regarded as a defect is not discarded and
yield can be improved.

[0048]
(Embodiment)

Hereinafter, an embodiment of a manufacturing method of
a glass substrate for a magnetic disc, a glass substrate for
a magnetic disc, and a magnetic disc to which the present
invention is applied will be explained. The glass substrate
for a magnetic disc and the magnetic disc are manufactured as
a magnetic disc having a predetermined shape such as a 0.8-1inch
disc (inner diameter 6mm, outside diameter 21.6mm, thickness
of plate 0.381mm), a 1.0-inch disc (inner diameter 7mm, outside
diameter 27.4mm, thickness of plate 0.381mm), or a 1.8-inch disc
(inner diameter 12mm, outside diameter 48mm, thickness of plate

0.508mm). Moreover, the glass substrate and the disc may be
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a magnetic disc. [002-] A configuration elenent on the basis of a technical

| dea of the above-nentioned manufacturing nethod of a gl ass

substrate for

a magnetic disc and explanation thereof can be applied to the glass
substrate for a magnetic disc and the magnetic disc. [0022] According to
the present invention, it becones possible to inprove yield of a glass
substrate by distinguishing between an inclusion generated in a

manuf acturi ng process of a glass substrate and concave or convex defect

i ncl uded manafsurii@aee. as a 2.5-inch disc or a 3.5-inch disc.

[0049]

(1) Shaping step and first wrapping step

As amaterial of the glass substrate 100, soda lime glass,

aluminosilicate glass, boronsilicate glass, crystallized

glass, or the like can be used in the present embodiment.

Especially, the aluminosilicate glass can be preferably used.

Because the aluminosilicate glass is smooth and has high

rigidity, magnetic spacing, especially floating amount of a

magnetic head, can be stably reduced. Moreover, it is possible

for the aluminosilicate glass to obtain high rigidity by

chemical strengthening.

[0050]

First, molten aluminosilicate glass was cast 1into

disc-shape by direct press using upper, lower, and body molds

to obtain a plate-shaped amorphous glass. Here,

as the

aluminosilicate glass, a glass for chemical strengthening was

used. The discotic glass substrate 100 for a magnetic disc may

be obtalned by cutting by use of a grinding stone from a sheet

glass formed by, other than the direct press, down draw method

or float method. Here, as the aluminosilicate glass, chemical

strengthening glass including; 58 to 75 percent by weight of

Si02; 5 to 23 percent by weight of A1,05; 3 to 10 percent by weight

of Li,0, and 4 to 13 percent by weight of Na,0 as a main component,

was used.

[0051]

Next, both main surfaces of the plate glass was wrapping

processed to make a disc-shaped base glass material. The

wrapping process was carried out by an apparatus for both

surfaces wrapping using planetary gear mechanism and alumina
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BRI EF DESCRI PTI ON OF THE DRAW NGS The various features of novelty which
characterize the invention are pointed out with particularity in the clains
attached to and formng a part of this specification. For a better

under standi ng of the invention, its operating advantages, and specific
objects attained by its use, reference should be had to the acconpanying
drawi ng and descriptive matter in which 7 there is illustrated and
described a preferred enbodi mrent of the invention. [=IG 1] An expl anatory
vi ew expl aivaicry bodef gcbhion aSprdnf serfhgewrapping platen was pressed

both from top and bottom of the plate glass, grinding fluid
containing loose grain was supplied on the main surface of the
plate glass, and they were relatively moved to carry out the
wrapping process. By this wrapping process, a glass base
material having smooth main surface was obtained.

[0052]

(2) Cutting step (coring, forming)

Next, using a diamond cutter, the glass base material was
cut and a disc-shaped glass substrate was cut out from the glass
base material. Next, using a cylindrical diamond drill, an
inner hole was formed in the center of the glass substrate to
form a discotic glass substrate 100 (coring). Then, an inner
circumference edge surface and an outer circumference edge
surface 120 were ground by a diamond grinder to carry out
predetermined chamfering process (forming).

[(0053]

(3) Second wrapping step

Next, on both main surfaces 110 of the glass substrate
100 thus obtained, second wrapping process was carried out in
a similar manner as the first wrapping process. By carrying
out the second wrapping process, it is possible to remove minute
convex or concave shape formed on themain surface in the cutting
step or edge surface polishing step, which are precedent steps,
in advance and it becomes possible to finish following polishing
step of the main surface in a short period of time.

[0054]
(4) Edge surface polishing step
Next, the outer circumference edge surface of the glass

substrate 100 was polished. Polishing of the edge surface 120
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of a glass substrate for a magnetic disc. [FIG 21 A flowhart for
explaining a flow of a manufacturing nethod of a glass substrate for a
magneti c disc according to an enbodinent. [FIG 3] An explanatory view for
expl aining a neasuring nmethod in a substrate condition measuring step.
[FIG 4] An explanatory view for explaining a defect which can be detected
by a detector unit of a surface defect detection unit. [FIG 5]

was carried out independently before a chamfering surface 130.
Polishing may be carried out by use of, for example, & brush
to polish a plurality of glass substrates 100 simultaneously.
However, in this case, chamfering amount 1s increased.
Therefore, for example, a single wafer polishing method may be
used.

[0055]

Subsequently, mirror polishing was carried out on the
chamfering surface 130. Thus, difference in surface roughness
of the chamfering surface 130 of one glass substrate 100 in the
whole of the outer circumference is set within a range of 0.001
um or less. Then, the glass substrate 100 after the edge
surface polishing step was cleansed by water. By this edge
surface polishing step, the edge surface 120 of the glass
substrate 100 was processed to have a mirror surface condition
where generation of separated out sodium or potassium could be
prevented.

[0056]

Here in the present embodiment, the chamfering surface
130 was polished after the edge surface was polished. However,
the order may be arbitrarily changed and polishing of the
chamfering surface 130 may be followed by polishing of the edge
surface 120.

[0057]

Next, regarding the inner circumference edge surface, a
glass substrate block in which a plurality of glass substrates
are laminated may be formed so that the chamfered inner
circumference edge surface can be simultaneously polished by
a brush roll. At this time, a slurry (loose grain) including

cerium oxide grain was used as the abrasive grain.
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An expl anatory view for explaining a measuring nethod in a surface defect
judgi ng step. The Best Mdde for Carrying Qut the Cained Invention [0023]
Hereinafter, a preferred enbodi nent of the present invention will be
explained in detail with reference to attached figures. Dinension,
material, and other specific nuneric values are just exanples for ease of
under st andi ng of the invention and the present invention is not limted
thereto if not otherw se specified. Here, in the present application and
drawi ngs, (88mBlreference nunerals are denoted to el enents having

substantially sarr.e function or configuration to omt
y ?g) MaIn surface polfsh%%g step

As amain surface polishing step, the first polishing step
was performed. The first polishing step is mainly aimed at
removing crack or distortion remaining on the main surface 110
after the wrapping step. In the first polishing step, main
surface 110 was polished by the both surface polishing apparatus
which included a planetary gear mechanism, using a hard resin
polisher. Cerium oxide grain was used as the abrasive agent.
[0059]

The glass substrate 100 after the first polishing step
was sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcohol (IPA) to be cleansed.
[0060]

Next, second polishing step was performed as the main
surface polishing step. The second polishing step was aimed
at finishing the main surface 110 to have a mirror surface. 1In
the second polishing step, main surface 110 was mirror polished
by the both surface polishing apparatus which included a
planetary gear mechanism, using a soft foam resin polisher.
Cerium oxide grain which was smaller than cerium oxide grain
used in the first polishing step was used as the abrasive agent.
[0061]

The glass substrate after the first polishing step was
sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcohol (IPA) to be cleansed. Here,
ultrasonic wave was applied to the tanks.

[0062]
(6) Chemical strengthening step

Next, chemical strengthening was conducted to the glass
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redundant expl anation thereof and an elenent which is not 8 directly
related to the present invention is not shown in the draw ngs. -0024' As a
result of a keen discussion by the inventors of the present invention on a
defect detected by a conventionally carried out inspection nethod to

I nspect snoothness of a glass substrate for a magnetic disc, the inventors
found out that the defects included a defect which influenced the

snmoot hness and a defect which did not influence the snoothness and it
becanme pessiblrettol (Grprfoee yheladdye-redgiingewhet deping anotpéhesdefect

steps. The chemical strengthening was conducted by preparing
chemical strengthening solution in which 60% of potassium
nitrate and 40% of sodium nitrate were mixed. The chemical
solution was heated to 400°C and the cleansed glass substrate
100 was heated to 300°C. Then, the glass substrate 100 was
dipped into the chemical strengthening solution for about 3
hours. Tochemically strengthen thewhole surfacesof theglass
substrate 100, the dipping was conducted while the glass
substrate 100 was placed in a holder so that a plurality of glass
substrates 100 were retained by their edge surface 120.
[0063]

By dipping the glass substrate into the chemical
strengthening solution, lithium ion and sodium ion on the
surface layer of the glass substrate 100 were replaced by sodium
ion and potassium ion in the chemical strengthening solution
and the glass substrate 100 was strengthened. Thickness of
compression stress layer formed on the surface layer of the
glass substrate 100 was between about 100 pum and 200 pm.
[0064]

The glass substrate 100 after the chemical strengthening
process was dipped into a water tank of 20°C to be rapidly cooled
down and was kept in the tank for about 10 minutes. Then, the
glass substrate 100 after the rapid cool down was dipped in
concentrated sulfuric acid heated to about 40°C to be cleansed.
Moreover, the glass substrate 100 after cleansing by the
concentrated sulfuric acid was sequentially dipped into tanks
of pure water and IPA to be cleansed. Here, ultrasonic wave
was applied to the tanks.

[0065]
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I nfluenced the snoothness to carry out defective/non-defective product
checki ng and conpl eted the oresent invention. [0025] That is,
conventionally, before a glass substrate was shipped, a |light was
irradiated on a main surface of the glass substrate for inspection to judge
whet her or not the glass substrate was a defective oroduct. However, when a
defect of a glass substrate, which was judged as defective by the checking
toirradiate light, was checked in detail, it was found out that the defect
did not exist oAsthenmadmesuwbace. H0Q26]r yIhegnouttheéhenventor srapdena
research on a sEot judged as o
step, the tutfing step, the edge surface polishing step, the
second wrapping step, the first and second polishing steps, and
the chemical strengthening step, a flat and smooth glass
substrate 110 for a magnetic disc having high rigidity was
obtained.
[0066]
(7) Inspection step
The main surface 110 of the glass substrate 100 for a
magnetic disc thus obtained was inspected. As shown in FIG.
2, the inspection step includes the substrate condition
measuring step S200 for irradiating light to the glass substrate
100 for a magnetic disc and measuring either or both of strength
and displacement of a light reflected from the glass substrate
100 for a magnetic disc; the defect inner surface position
specifying step S202 for specifying an inner surface position
of a defect included in the glass substrate 100 on the basis
of either or both of the measured strength and displacement of
the light; the surface defect judging step S204 for judging
whether or not a defect with specified inner surface position
1s on the surface of the glass substrate 100; and the
non-defective judging step S206 for judging whether or not the
glass substrate 100 for a magnetic disc is non-defective on the
basis of a result of the surface defect judging step S204.
[0067]
(8) Magnetic disc manufacturing step
An adherent layer including Cr alloy, a soft magnetic
layer including CoTaZr base alloy, a foundation layer including

Ru, a perpendicular magnetic recording layer including CoCrPt

base alloy, a protection layer including carbon hydroxide, and
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defective by the inspection in which Iight was irradiated and found out
that an inclusion existing in a glass substrate was al so regarded as
defective in the inspection in which light was irradiated. The inventors
al so found out that an inclusion judged as defective by the inspection in
which light was irradiated did not actually influence the snoot hness of the
main surface of the glass substrate. [0027] 9 Therefore, the present
enbodi ment i ncludes a surface defect judging step for further inspecting a
spot judged dsikaicdefiect ilear | nBpetidiony i npahi tho oo g thes | weadi at ed,
and

sequentially deposited on both surfaces of a glass substrate

100 obtained through the above procedures to manufacture a

perpendicular magnetic disc. Here, the present configuration

is an example of a configuration of a perpendicular magnetic

disc. However, the above example may include a magnetic layer

or the like as a longitudinal magnetic disc.

[0068]

The present invention can be used as a manufacturing

method of a glass substrate for a magnetic disc, a glass

substrate for a magnetic disc, and a magnetic disc.
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non-def ective judging step for judging whether or not the glass substrate
I's non-defective on the basis of a result of the surface defect judging
step. Explanation thereof will be given below 0028] First, a glass
substrate for a nmagnetic disc according to the present enbodinent will be
explained. FIG 1 is an explanatory view explaining a defect on a main
surface of a glass substrate for a magnetic disc. [0029] The
above-nmentioned gl ass substrate for a nmagnetic disc has a discotic shape
and an inhkathobecigifiedned: at the center

1. Amanufacturing method of a glass substrate for amagnetic
disc which is a manufacturing method of a discotic glass
substrate for amagnetic disc having an inner hole at the center
comprising:

a substrate condition measuring step for irradiating
light to the substrate and measuring either or both of strength
and displacement of a light reflected from the substrate;

a defect 1inner surface position specifying step for
specifying an inner surface position of a defect included in
the substrate on the basis of either or both of the measured
strength and displacement of the light;

a surface defect judging step for judging whether or not
a defect with specified inner surface position is on the surface
of the substrate on the basis of the number of images formed
at an inner surface position by an image forming means;

and a non-defective judging step for judging whether or
not the substrate is non-defective on the basis of a result of

the surface defect judging step.

2. Amanufacturing method of a glass substrate for amagnetic
disc which is a manufacturing method of a discotic glass
substrate for a magnetic disc having an inner hole at the center
comprising:

a substrate condition measuring step for irradiating
light to the substrate and measuring either or both of strength
and displacement of a light reflected from the substrate;

a defect inner surface position specifying step for

specifying an inner surface position of a defect included in
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t her eof .

edge surface 120 orthogonal
surface 130

Then a gl ass substrate 100 for a magnetic disc includes a main
surface 110 whi ch becones a recording and replaying area of information,
to the main surface 110, and a chanfering

i nterveninc between the main surface 110 and the edge surface
120. Here, because there may be a case where a boundary between the edge

surface 120 and the chanfering surface 130 becones vague in the
| at er - descri bed edge surface polishing step, it is assunmed that the present

i nventi onthacbtudesratease Where die ofedge hsur baceotR0oandh¢e hecehand@r i ng

surface 130 are integrated to configure one curved surface. [0030]

strength and displacement of the light;

a surface defect judging step for judging whether or not
a defect with specified inner surface position is on the surface
of the substrate on the basis of the distance to the defect
measured by a distance measuring means at the inner surface
position; and

a non-defective judging step for judging whether or not

the substrate is non-defective on the basis of a result of the

surface defect judging step.

3. The manufacturing method of a glass substrate for a
magnetic disc according to claim 1, wherein the image forming

means 1s an optical microscope.

4. The manufacturing method of a glass substrate for a
magnetic disc according to claim 2, wherein the distance

measuring means 1is a focal point type ultrasonic sensor.

5. The manufacturing method of a glass substrate for a
magnetic disc according to any one of claims 1 to 4, wherein
a light reflected from the substrate in the substrate condition
measuring step is either or both of a scattering light and a

diffracted light.

0. A glass substrate for a magnetic disc manufactured by the
manufacturing method of a glass substrate for a magnetic disc

according to any one of claims 1 to 5.

7. A magnetic disc comprising at least a magnetic layer
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The main surface 110 is an area for recording and replaying information and
therefore is substantially snmooth so that a recording head can float and
run. However, in a process of 10

formed on a surface of the glass substrate obtained by the
manufacturing method of a glass substrate for a magnetic disc

according to any one of claims 1 to 6.
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