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METHOD OF MANUFACTURING GLASS BLANK FOR MAGNETIC RECORDING MEDIUM GLASS 

SUBSTRATE, MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE MANUFACTURING 

METHOD, MAGNETIC RECORDING MEDIUM MANUFACTURING METHOD, AND DEVICE   FOR   

MANUFACTURING GLASS BLANK FOR MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE. 

DESCRIPTION 

 

[Title of Invention] METHOD OF MANUFACTURING GLASS BLANK FOR MAGNETIC 

RECORDING MEDIUM GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM GLASS 

SUBSTRATE MANUFACTURING METHOD, MAGNETIC RECORDING MEDIUM 

MANUFACTURING METHOD, AND DEVICE FOR MANUFACTURING GLASS BLANK FOR 

MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE 

 

[Technical Field] 

 [0001] 

 The present invention relates to a method of manuf acturing a glass 

blank for a magnetic recording medium glass substra te, a method of 

manufacturing a magnetic recording medium glass sub strate, a method of 

manufacturing a magnetic recording medium, and an a pparatus for 

manufacturing a glass blank for a magnetic recordin g medium glass 

substrate. 

[Background Art] 

 [0002] 

 As a method of manufacturing a magnetic recording medium glass 

substrate (magnetic disk substrate), there are typi cally exemplified 

(1) a method of producing a substrate through a pre ss-molding step of 

subjecting a molten glass gob to press molding with  a pair of press molds 

(hereinafter, sometimes referred to as "press metho d."  See, for example, 

Pa ten t  L i te ra tu res  1  to  3) ,  and (2) a method of pro ducing a substrate 

through a processing step of cutting, into a disk s hape, a sheet-shaped 

METHOD OF MANUFACTURING GLASS BLANK FOR MAGNETIC RECORDING MEDIUM GLASS
SUBSTRATE, MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE MANUFACTURING
METHOD, MAGNETIC RECORDING MEDIUM MANUFACTURING METHOD, AND DEVICE FOR
MANUFACTURING GLASS BLANK FOR MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE.
DESCRIPTION [Title of Invention] METHOD OF MANUFACTURING GLASS BLANK FOR
MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM
GLASS SUBSTRATE MANUFACTURING METHOD, MAGNETIC RECORDING MEDIUM
MANUFACTURING METHOD, AND DEVICE FOR MANUFACTURING GLASS BLANK FOR
MAGNETIC RECORDING MEDIUM GLASS SUBSTRATE [Technical Field] [0001]         The present
invention relates to a method of manufacturing a glass blank for a magnetic recording medium glass
substrate, a method of manufacturing a magnetic recording medium glass substrate, a method of
manufacturing a magnetic recording medium, and an apparatus for manufacturing a glass blank for a
magnetic recording medium glass substrate. [Background Art] [0002]        As a method of
manufacturing a magnetic recording medium glass substrate (magnetic disk substrate), there are
typically exemplified (1) a method of producing a substrate through a press-molding step of subjecting
a molten glass gob to press molding with a pair of press molds (hereinafter, sometimes referred to as
"press method." See, for example, Patent Literatures 1 to 3), and (2) a method of producing a
substrate through a processing step of cutting, into a disk shape, a sheet-shaped  glass formed by a
float method, a down-draw method, or the like (hereinafter, sometimes referred to as "sheet-shaped
glass-cutting method." See, for example, Patent Literature 4) . [0003] 
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glass formed by a float method, a down-draw method,  or the like 

(hereinafter, sometimes referred to as "sheet-shape d glass-cutting 

method."  See, for example, Pa tent  L i te ra tu re  4 ) . 

 [0003] 

 In conventional sheet-shaped glass-cutting method exemplified in 

Pa ten t  L i te ra tu re  4 , a magnetic recording medium gl ass substrate was 

obtained by carrying out a disk processing step of processing a 

sheet-shaped glass into a disk shape and then carry ing out, as polish 

steps, a lapping step (rough-polishing treatment) a nd a polishing step 

(precision-polishing treatment).  However, it is di sclosed that, in the 

sheet-shaped glass-cutting method disclosed in Pa te n t  L i te ra tu re  4 , 

the lapping step (rough-polishing treatment) is eli minated and only the 

polishing step (precision-polishing treatment) is c arried out as a polish 

step. 

 [0004] 

 On the other hand, in conventional press methods e xemplified in 

Pa ten t  L i te ra tu res  1  to  3 , a magnetic recording med ium glass substrate 

is usually obtained by carrying out a press-molding  step with a method 

of press-molding a molten glass gob, in which the m olten glass gob is 

placed in a lower mold and a pressing force is then  applied to the molten 

glass gob from the vertical direction by using an u pper mold and the 

lower mold (hereinafter, sometimes referred to as " vertical direct 

press"), and then carrying out a lapping step, a po lishing step, and 

the like. 

 [0005] 

 Here, it is also proposed that, in the press metho d disclosed in 

Pa ten t  L i te ra tu re  2 , the lapping step is eliminated  by, for example, 

using a highly rigid material as a material for the  upper mold, the lower 

mold, and a parallel spacer arranged between the up per mold and the lower 

In conventional sheet-shaped glass-cutting method exemplified in Patent Literature 4, a magnetic
recording medium glass substrate was obtained by carrying out a disk processing step of processing a
sheet-shaped glass into a disk shape and then carrying out, as polish steps, a lapping step
(rough-polishing treatment) and a polishing step (precision-polishing treatment). However, it is
disclosed that, in the sheet-shaped glass-cutting method disclosed in Patent Literature 4, the lapping
step (rough-polishing treatment) is eliminated and only the polishing step (precision-polishing
treatment) is carried out as a polish step. [0004]         On the other hand, in conventional press
methods exemplified in Patent Literatures 1 to 3, a magnetic recording medium glass substrate is
usually obtained by carrying out a press-molding step with a method of press-molding a molten glass
gob, in which the molten glass gob is placed in a lower mold and a pressing force is then applied to the
molten glass gob from the vertical direction by using an upper mold and the lower mold (hereinafter,
sometimes referred to as "vertical direct press"), and then carrying out a lapping step, a polishing step,
and the like. [0005]         Here, it is also proposed that, in the press method disclosed in Patent
Literature 2, the lapping step is eliminated by, for example, using a highly rigid material as a material
for the upper mold, the lower mold, and a parallel spacer arranged between the upper mold and the
lower mold. [0006]         In addition, in a press method disclosed in Patent Literature 3, a method is
proposed in which, in order to obtain a plate glass with small warpage while preventing the productivity
from being decreased, after press molding, an upper mold for cooling is placed on a press-molded
product. In this method, by using the upper mold for cooling, cooled states of an upper surface and a
lower surface of the press-molded product are balanced. [0007]         In addition, it is proposed that, in
the press method disclosed in Patent Literature 3, in place of the vertical direct press, the
press-molding step is carried out with a method in which a pressing force is applied to a molten glass
gob from the horizontal direction by using a pair of press molds arranged so as to face each other in
the horizontal direction (hereinafter, sometimes referred to as "horizontal direct press"). [Citation List]
[Patent Literature] 
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mold. 

 [0006] 

 In addition, in a press method disclosed in Patent  Literature 3, 

a method is proposed in which, in order to obtain a  plate glass with 

small warpage while preventing the productivity fro m being decreased, 

after press molding, an upper mold for cooling is p laced on a press-molded 

product.  In this method, by using the upper mold f or cooling, cooled 

states of an upper surface and a lower surface of t he press-molded product 

are balanced. 

 [0007] 

 In addition, it is proposed that, in the press met hod disclosed 

in Pa ten t  L i te ra tu re  3 , in place of the vertical di rect press, the 

press-molding step is carried out with a method in which a pressing force 

is applied to a molten glass gob from the horizonta l direction by using 

a pair of press molds arranged so as to face each o ther in the horizontal 

direction (hereinafter, sometimes referred to as "h orizontal direct 

press"). 

[C i ta t i on  L is t ]  

[Pa tent  L i te ra ture ]  

 [0008] 

 [Pa ten t  L i te ra ture  1] JP 2009-149477 A (Claim 1, p aragraph 0012, 

and the like)) 

 [Pa ten t  L i te ra ture  2] JP 2003-54965 A (Scope of Cl aims, paragraphs 

0040 and 0043, FIG. 4 to FIG. 8, and the like) 

 [Pa ten t  L i te ra ture  3] JP 4380379 B (paragraph 0031 , FIG. 1 to 

FIG. 9, and the like) 

 [Pa ten t  L i te ra ture  4] JP 2003-36528 A (FIG. 3 to F IG. 6, FIG. 

8, and the like)) 

[Summary of the Invention] 

[0008]         [Patent Literature 1] JP 2009-149477A (Claim 1, paragraph 0012, and the like))
[Patent Literature 2] JP 2003-54965 A (Scope of Claims, paragraphs 0040 and 0043, FIG. 4 to FIG. 8,
and the like)         [Patent Literature 3] JP 4380379 B (paragraph 0031, FIG. 1 to FIG. 9, and the like)
[Patent Literature 4] JP 2003-36528 A (FIG. 3 to FIG. 6, FIG. 8, and the like)) [Summary of the
Invention]  [Technical Problems] [0009]         On the other hand, from the viewpoint of enhancing the
productivity of a magnetic recording medium glass substrate, it is very effective to eliminate a lapping
step or to carry out a lapping step in a shorter time, the lapping step being carried outmainly for the
purposes of securing the flatness and uniformity in thickness of the magnetic recording medium glass
substrate, adjusting its thickness, and the like. This is because a lapping apparatus is required for
carrying out the lapping step, and hence man-hours for producing a magnetic recording medium glass
substrate become larger and the processing time thereof increases. Further, the lapping step may
cause the occurrence of a crack in the surfaces of glass. Thus, the present situation is that
examination is being made on how to eliminate the lapping step. Here, when the sheet-shaped
glass-cutting method and the press method are compared from the viewpoint of eliminating the lapping
step or carrying out the lapping step in a shorter time, more advantageous is the sheet-shaped
glass-cutting method, in which processing is carried out by using a sheet-shaped glass having a higher
flatness produced by a float method, a down-draw method, or the like. However, the press method has
the advantage that glass is used more efficiently compared with the sheet-shaped glass-cutting
method. [0010]         In order to eliminate a lapping step or to carry out a lapping step in a shorter time
at the time of producing a magnetic recording medium by applying post-processing to a glass blank for
a magnetic recordingmedium glass substrate (hereinafter, sometimes simply referred to as "glass
blank") produced by using vertical direct press, it is necessary to make the thickness deviation of the
glass blank smaller and to improve the flatness thereof. Here, when a glass blank is 
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[Technical Problems] 

 [0009] 

 On the other hand, from the viewpoint of enhancing  the productivity 

of a magnetic recording medium glass substrate, it is very effective 

to eliminate a lapping step or to carry out a lappi ng step in a shorter 

time, the lapping step being carried out mainly for  the purposes of securing 

the flatness and uniformity in thickness of the mag netic recording medium 

glass substrate, adjusting its thickness, and the l ike.  This is because 

a lapping apparatus is required for carrying out th e lapping step, and 

hence man-hours for producing a magnetic recording medium glass substrate 

become larger and the processing time thereof incre ases.  Further, the 

lapping step may cause the occurrence of a crack in  the surfaces of glass.  

Thus, the present situation is that examination is being made on how 

to eliminate the lapping step.  Here, when the shee t-shaped glass-cutting 

method and the press method are compared from the v iewpoint of eliminating 

the lapping step or carrying out the lapping step i n a shorter time, 

more advantageous is the sheet-shaped glass-cutting  method, in which 

processing is carried out by using a sheet-shaped g lass having a higher 

flatness produced by a float method, a down-draw me thod, or the like.  

However, the press method has the advantage that gl ass is used more 

efficiently compared with the sheet-shaped glass-cu tting method.  

 [0010] 

 In order to eliminate a lapping step or to carry o ut a lapping 

step in a shorter time at the time of producing a m agnetic recording 

medium by applying post-processing to a glass blank  for a magnetic 

recording medium glass substrate (hereinafter, some times simply referred 

to as "glass blank") produced by using vertical dir ect press, it is 

necessary to make the thickness deviation of the gl ass blank smaller 

and to improve the flatness thereof.  Here, when a glass blank is 

manufactured by vertical direct press, the temperature of a lower mold is set to a temperature
sufficiently lower than the temperature of a high-temperature molten glass gob in order to prevent the
molten glass gob from melting and bonding. Thus, during the period from placing the molten glass gob
in the lower mold until starting press molding, the molten glass gob loses heat through the surface in
contact with the lower mold, and hence the viscosity of the lower surface of the molten glass gob
placed in the lower mold locally increases. As a result, the press molding is carried out to the molten
glass gob having a wide viscosity distribution (temperature distribution), producing portions that resist
stretching by press. Besides, a cooling speed after the press molding is different for each site in a
glass molded body produced by stretching glass by press molding so as to have a plate shape.
Consequently, a glass blank that is produced by using vertical direct press is liable to have an
increased thickness deviation or to have a deteriorated flatness. Further, in consideration of the
above-mentioned mechanism, even in the case of adopting the vertical direct press using a upper
mold for cooling as disclosed in Patent Literature 1, it is difficult to drastically suppress the increase of
the thickness deviation of the glass blank and the deterioration of the flatness thereof. [0011]         On
the other hand, in the horizontal direct press exemplified in Patent Literature 3, a molten glass gob is
press-molded into a plate shape substantially at the moment when the molten glass gob is brought into
contact with a press mold. More specifically, compared with a case of the vertical direct press, in the
horizontal direct press, the viscosity distribution of the molten glass gob when the press molding is
carried out is uniform, and hence, it is easy to stretch the molten glass gob uniformly and thinly.
Therefore, in theory, compared with the vertical direct press, the horizontal direct press is thought to
drastically suppress more easily the increase of the thickness deviation and the deterioration of the
flatness of the glass blank. [0012]         Meanwhile, as the recording density of a magnetic recording
medium is further enhanced in recent years, a magnetic recording medium glass substrate made of
glass and a glass blank which are used in producing a magnetic recording medium are required to
further improve the thickness deviation and the flatness thereof. [0013]         However, intensive study
of the inventors of the present invention revealed that a glass blank produced using the horizontal
direct press described in Patent Literature 3 could not cope with the above-mentioned needs
especially with regard to the flatness (first situation) . [0014]         Further, gravity acts on an integral
type press mold used in the horizontal direct press exemplified in Patent Literature 3 in a direction in
parallel with press-molding surfaces. Therefore, compared with the case of the vertical direct press in
which the lower mold is substantially fixedly placed and the upper mold is moved in a direction in
parallel with the direction of gravity, in the horizontal direct press, the press-molding surface tends to
be inclined with respect to the direction of movement of the press mold. Therefore, in order to reduce
the thickness deviation in the horizontal direct press, the press molding is required to be carried out
with the press-molding surfaces opposed to each other being held in parallel with each other. In order
to attain this, driving of the press mold in the horizontal direction in the press molding must be
controlled with extreme precision. However, even if a drive of the press mold is improved, precise
driving of the press mold has a ceiling, and hence, it is difficult to improve the thickness deviation, and
the costs also increase, which is not practical. Therefore, even if the press moldexemplifiedinPatent
Literature3 is used, it is difficult to further improve the thickness deviation and the flatness (second
situation). [0015] 
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manufactured by vertical direct press, the temperat ure of a lower mold 

is set to a temperature sufficiently lower than the  temperature of a 

high-temperature molten glass gob in order to preve nt the molten glass 

gob from melting and bonding.  Thus, during the per iod from placing the 

molten glass gob in the lower mold until starting p ress molding, the 

molten glass gob loses heat through the surface in contact with the lower 

mold, and hence the viscosity of the lower surface of the molten glass 

gob placed in the lower mold locally increases.  As  a result, the press 

molding is carried out to the molten glass gob havi ng a wide viscosity 

distribution (temperature distribution), producing portions that resist 

stretching by press.  Besides, a cooling speed afte r the press molding 

is different for each site in a glass molded body p roduced by stretching 

glass by press molding so as to have a plate shape.   Consequently, a glass 

blank that is produced by using vertical direct pre ss is liable to have 

an increased thickness deviation or to have a deter iorated flatness.  

Further, in consideration of the above-mentioned me chanism, even in the 

case of adopting the vertical direct press using a upper mold for cooling 

as disclosed in Patent Literature 1, it is difficul t to drastically 

suppress the increase of the thickness deviation of  the glass blank and 

the deterioration of the flatness thereof. 

 [0011] 

 On the other hand, in the horizontal direct press exemplified in 

Patent Literature 3, a molten glass gob is press-mo lded into a plate 

shape substantially at the moment when the molten g lass gob is brought 

into contact with a press mold.  More specifically,  compared with a case 

of the vertical direct press, in the horizontal dir ect press, the viscosity 

distribution of the molten glass gob when the press  molding is carried 

out is uniform, and hence, it is easy to stretch th e molten glass gob 

uniformly and thinly.  Therefore, in theory, compar ed with the vertical 

An object common to a first aspect, a second aspect and a third aspect of the present invention is to
improve the flatness. Here, the first aspect and a third aspect of the present invention has been made
in view of the first situation described above, and an object of the first aspect of the present invention
(first object) is to provide a method of manufacturing a glass blank for a magnetic recording medium
glass substrate which may produce a glass blank excellent in flatness, and a method of manufacturing
a magnetic recording medium glass substrate and a method of manufacturing a magnetic recording
medium using the same. [0016]         The second aspect of the present invention has been made in
view of the second situation described above, and an object of the second aspect of the present
invention (second object) is to provide a method of manufacturing a glass blank for a magnetic
recording medium glass substrate which may manufacture a glass blank with smaller thickness
deviation and flatness even when the glass blank is manufactured using horizontal direct press, and
amethod of manufacturing amagnetic recording medium glass substrate, a method of manufacturing a
magnetic recording medium, and a apparatus for manufacturing a glass blank for a magnetic recording
medium glass substrate using the method of manufacturing a glass blank for a magnetic recording
medium glass substrate. [Solution to Problem] [0017] The first object including the common object is
achieved by the first aspect of the present invention as follows. That is, according to the first aspect of
the present invention, there is provided a method of manufacturing a glass blank for a magnetic
recording medium glass substrate, including at least: a first pressing step of pressing a falling molten
glass gob with a first press mold and a second press mold placed so as to be opposed to each other in
a direction crossing a direction in which the molten glass gob falls to form the falling molten glass gob
into a plate shape; a second pressing step of continuing to press, with the first press mold and the
second press mold, plate glass formed between the first press mold and the second press mold; and a
taking out step of, after the second pressing step, moving the first press mold and the second press
mold away from each other and taking out the plate glass sandwiched between the first press mold
and the second press mold, in which: at least during a period in which the first pressing step and the
second pressing step are carried out, the temperature of a press-molding surface of the first press
mold and the temperature of a press-molding surface of the second press mold are substantially the
same; in the first pressing step, the molten glass gob is pressed after the press-molding surface of the
first press mold and the press-molding surface of the second press mold are brought into contact with
the molten glass gob substantially at the same time; and the duration time of the second pressing step
is controlled so that the flatness of the glass blank for a magnetic recording medium glass substrate is
10 pm or less (within 10 pm). [0018]         According to an embodiment mode, in the method of
manufacturing a glass blank for a magnetic recording medium glass substrate of the first aspect of the
present invention, it is preferred that the duration time of the second pressing step be selected so that
the temperature of the plate glass when the second pressing step is completed is at least equal to or
lower than a temperature which is 10C higher than the strain point of a glass material forming the plate
glass. [0019]         According to another embodiment mode, it is preferred that the method of
manufacturing a glass blank for a magnetic recording medium glass substrate of the first aspect of the
present invention further include a molten glass gob forming step of causing molten glass to fall from a
glass outlet and cutting a forward end portion of a molten glass flow continuously flowing out
downward in the vertical direction. 
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direct press, the horizontal direct press is though t to drastically 

suppress more easily the increase of the thickness deviation and the 

deterioration of the flatness of the glass blank. 

 [0012] 

 Meanwhile, as the recording density of a magnetic recording medium 

is further enhanced in recent years, a magnetic rec ording medium glass 

substrate made of glass and a glass blank which are  used in producing 

a magnetic recording medium are required to further  improve the thickness 

deviation and the flatness thereof. 

 [0013] 

 However, intensive study of the inventors of the p resent invention 

revealed that a glass blank produced using the hori zontal direct press 

described in Patent Literature 3 could not cope wit h the above-mentioned 

needs especially with regard to the flatness (first  situation). 

 [0014] 

 Further, gravity acts on an integral type press mo ld used in the 

horizontal direct press exemplified in Patent Liter ature 3 in a direction 

in parallel with press-molding surfaces.  Therefore , compared with the 

case of the vertical direct press in which the lowe r mold is substantially 

fixedly placed and the upper mold is moved in a dir ection in parallel 

with the direction of gravity, in the horizontal di rect press, the 

press-molding surface tends to be inclined with res pect to the direction 

of movement of the press mold.  Therefore, in order  to reduce the thickness 

deviation in the horizontal direct press, the press  molding is required 

to be carried out with the press-molding surfaces o pposed to each other 

being held in parallel with each other.  In order t o attain this, driving 

of the press mold in the horizontal direction in th e press molding must 

be controlled with extreme precision.  However, eve n if a drive of the 

press mold is improved, precise driving of the pres s mold has a ceiling, 

[0020]         According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the first aspect of the present invention, it is preferred
that the viscosity of the molten glass be in a range of 500 dPa.s to 1,050 dPa.s. [0021]         According
to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the first aspect of the present invention, it is preferred that the
first press mold and the second press mold be placed so as to be opposed to each other in a direction
perpendicular to the direction in which the molten glass gob falls. [0022]         According to a further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass substrate of the first aspect of the present invention, it is preferred that the absolute values of the
temperature differences within the press-molding surfaces of the first press mold and the second press
mold immediately before the first pressing step is carried out be in a range of 0C to  100C. [0023]
According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the first aspect of the present invention, it is preferred that the
press pressure in the second pressing step be reduced with time. [0024]         According to a further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass substrate of the first aspect of the present invention, it is preferred that the press pressure be
reduced when the temperature of the plate glass sandwiched between the first press mold and the
second press mold is lowered into a range of 3000 from the defromation point of a glass material
forming the plate glass. 
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and hence, it is difficult to improve the thickness  deviation, and the 

costs also increase, which is not practical.  There fore, even if the press 

mold exemplified in Patent Literature 3 is used, it  is difficult to further 

improve the thickness deviation and the flatness (s econd situation). 

 [0015] 

 An object common to a first aspect, a second aspec t and a third 

aspect of the present invention is to improve the f latness.  Here, the 

first aspect and a third aspect of the present inve ntion has been made 

in view of the first situation described above, and  an object of the 

first aspect of the present invention (first object ) is to provide a 

method of manufacturing a glass blank for a magneti c recording medium 

glass substrate which may produce a glass blank exc ellent in flatness, 

and a method of manufacturing a magnetic recording medium glass substrate 

and a method of manufacturing a magnetic recording medium using the same. 

 [0016] 

 The second aspect of the present invention has bee n made in view 

of the second situation described above, and an obj ect of the second 

aspect of the present invention (second object) is to provide a method 

of manufacturing a glass blank for a magnetic recor ding medium glass 

substrate which may manufacture a glass blank with smaller thickness 

deviation and flatness even when the glass blank is  manufactured using 

horizontal direct press, and a method of manufactur ing a magnetic recording 

medium glass substrate, a method of manufacturing a  magnetic recording 

medium, and a apparatus for manufacturing a glass b lank for a magnetic 

recording medium glass substrate using the method o f manufacturing a 

glass blank for a magnetic recording medium glass s ubstrate. 

[So lu t ion  to  P rob lem]   

 [0017] 

 The first object including the common object is ac hieved by the 

[0025]         According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the first aspect of the present invention, it is preferred
that, during the second pressing step is carried out, one surface of the plate glass and the
press-molding surface of the first press mold be always in intimate contact with each other without a
gap and the other surface of the plate glass and the press-molding surface of the second press mold
be always in intimate contact with each other without a gap. [0026]         According to a further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass substrate of the first aspect of the present invention, it is preferred that the duration time of the
second pressing step be controlled so that the flatness of the glass blank for a magnetic recording
medium glass substrate is  4 pm or less(within 4 pm) . [0027]         According to a further embodiment
mode, in the method of manufacturing a glass blank of the first aspect of the present invention, it is
preferred that regions in contact with at least the plate glass of the press-molding surfaces of the first
press mold and the second press mold be substantially flat surfaces. [0028]         According to the first
aspect of the present invention, there is also provided a method of manufacturing a magnetic
recording medium glass substrate, including at least: manufacturing a glass blank for a magnetic
recording medium glass substrate, including at least: a first pressing step of pressing a falling molten
glass gob with a first press mold and a second press mold placed so as to be opposed to each other in
a direction crossing a direction in which the molten glass gob falls to form the falling molten glass gob
into a plate shape; a second pressing step of continuing to press, with the first press mold and the
second press mold, plate glass formed between the first press mold and the second press mold; and a
taking out step of, after the second pressing step, moving the first press mold and the second press
mold away from each other and taking out the plate glass sandwiched between the first press mold
and the second press mold; and after that, a polishing step of polishing main surfaces of the glass
blank for a magnetic recording medium glass substrate, in which: at least during a period in which the
first pressing step and the second pressing step are carried out, the temperature of a press-molding
surface of the first press mold and the temperature of a press-molding surface of the second press
mold are substantially the same; in the first pressing step, the molten glass gob is pressed after the
press-molding surface of the first press mold and the press-molding surface of the second press mold
are brought into contact with the molten glass gob substantially at the same time; and the duration
time of the second pressing step is controlled so that the flatness of the glass blank for a magnetic
recording medium glass substrate is 10 pm or less (within 10 pm). [0029] 
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first aspect of the present invention as follows.  That is, accord ing 

to  the  f i rs t  aspec t  o f  the  p resen t  i nvent ion ,  the re  is  p rov ided 

a method of manufacturing a glass blank for a magne tic recording medium 

glass substrate, i nc lud ing  at least: a first pressi ng step of pressing 

a falling molten glass gob with a first press mold and a second press 

mold placed so as to be opposed to each other in a direction crossing 

a direction in which the molten glass gob falls to form the falling molten 

glass gob into a plate shape; a second pressing ste p of continuing to 

press, with the first press mold and the second pre ss mold, plate glass 

formed between the first press mold and the second press mold; and a 

taking out step of, after the second pressing step,  moving the first 

press mold and the second press mold away from each  other and taking 

out the plate glass sandwiched between the first pr ess mold and the second 

press mold, in which: at least during a period in w hich the first pressing 

step and the second pressing step are carried out, the temperature of 

a press-molding surface of the first press mold and  the temperature of 

a press-molding surface of the second press mold ar e substantially the 

same; in the first pressing step, the molten glass gob is pressed after 

the press-molding surface of the first press mold a nd the press-molding 

surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time; and the d uration time of the 

second pressing step is controlled so that the flat ness of the glass 

blank for a magnetic recording medium glass substra te is 10 µm or 

less(within 10 µm). 

 [0018] 

 According to an embodiment mode, in the method of manufacturing 

a glass blank for a magnetic recording medium glass  substrate of the 

first aspect of the present invention, it is prefer red that the duration 

time of the second pressing step be selected so tha t the temperature 

According to an embodiment mode, in the method of manufacturing a magnetic recording medium
glass substrate of the first aspect of the present invention, it is preferred that the duration time of the
second pressing step be selected so that the temperature of the plate glass when the second pressing
step is completed is at least equal to or lower than a temperature which is 10C higher than the strain
point of a glass material forming the plate glass. [0030]         Accordingto another embodiment mode,
in the method of manufacturing a magnetic recording medium glass substrate of the first aspect of the
present invention, it is preferred that the flatness of the glass blank for a magnetic recording medium
glass substrate and the flatness of the magnetic recording medium glass substrate be substantially the
same. [0031]         According to the first aspect of the present invention, there is further provided a
method of manufacturing a magnetic recording medium, including at least: manufacturing a glass
blank for a magnetic recording medium glass substrate, including at least: a first pressing step of
pressing a falling molten glass gob with a first press mold and a second press mold placed so as to be
opposed to each other in a direction crossing a direction in which the molten glass gob falls to form the
falling molten glass gob into a plate shape; a second pressing step of continuing to press, with the first
press mold and the second press mold, plate glass formed between the first press mold and the
second press mold; and a taking out step of, after the second pressing step, moving the first press
mold and the second press mold away from each other and taking out the plate glass sandwiched
between the first press mold and the second press mold; after that, manufacturing a magnetic
recording medium glass substrate, including at least a polishing step of polishing main surfaces of the
glass blank for a magnetic recording medium glass substrate; and further, manufacturing a magnetic
recording medium, including at least a magnetic recording layer-forming step of forming a magnetic
recording layer on the magnetic recording medium glass substrate, in which: at least during a period in
which the first pressing step and the second pressing step are carried out, the temperature of a
press-molding surface of the first press mold and the temperature of a press-molding surface of the
second press mold are substantially the same; in the first pressing step, the molten glass gob is
pressed after the press-molding surface of the first press mold and the press-molding surface of the
second press mold are brought into contact with the molten glass gob substantially at the same time;
and the duration time of the second pressing step is controlled so that the flatness of the glass blank
for a magnetic recording medium glass substrate is 10 pm or less (within 10 pm) . [0032]
According to an embodiment mode, in the method of manufacturing a magnetic recording medium of
the first aspect of the present invention, it is preferred that the duration time of the second pressing
step be selected so that the temperature of the plate glass when the second pressing step is
completed is at least equal to or lower than a temperature which is 10C higher than the strain point of
a glass material forming the plate glass. [0033]        Accordingto another embodiment mode, in the
method of manufacturing a magnetic recording medium of the first aspect of the present invention, it is
preferred that the flatness of the glass blank for amagnetic recording medium glass substrate and the
flatness of the magnetic recording medium glass substrate be substantially the same. [0034]         The
second object including the common object is achieved by the second aspect of the present invention
as follows. That is, according to the second aspect of the present invention, there is provided a method
of manufacturing a glass blank for a magnetic recording medium glass substrate, including at least: a
press-molding step of press-molding a falling molten glass gob with a first press mold and a second
press mold placed so as to be opposed to each other in a direction crossing a direction in which the
molten glass gob falls, in which: at least the first press mold at least includes: a press mold body
having a press-molding surface; and a guide member having at least the function of maintaining a
substantially fixed distance between the press-molding surfaces of the first press mold and the second
press mold in the press molding, by, when pushed to the side of the second press mold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
second press mold which is placed so as to be opposed to the press-molding surface; and the
press-molding step includes: a first step of forming the molten glass gob into plate glass by bringing
the first press mold and the second press mold closer together until the guide member of the first
press mold and the second press mold are in contact with each other; and a second step of continuing
to press, with the press mold body of the first press mold and the second press mold, the plate glass
with the guide member of the first press mold and the second press mold being in contact with each
other. 
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of the plate glass when the second pressing step is  completed is at least 

equal to or lower than a temperature which is 10°C higher than the strain 

point of a glass material forming the plate glass. 

 [0019] 

 According to another embodiment mode, it is prefer red that the 

method of manufacturing a glass blank for a magneti c recording medium 

glass substrate of the first aspect of the present invention further 

include a molten glass gob forming step of causing molten glass to fall 

from a glass outlet and cutting a forward end porti on of a molten glass 

flow continuously flowing out downward in the verti cal direction. 

 [0020] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

viscosity of the molten glass be in a range of 500 dPa·s to 1,050 dPa·s. 

 [0021] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

first press mold and the second press mold be place d so as to be opposed 

to each other in a direction perpendicular to the d irection in which 

the molten glass gob falls. 

 [0022] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

absolute values of the temperature differences with in the press-molding 

surfaces of the first press mold and the second pre ss mold immediately 

before the first pressing step is carried out be in  a range of 0°C to 

[0035]         According to an embodiment mode, in the method of manufacturing a glass blank for a
magnetic recording medium glass substrate of the second aspect of the present invention, it is
preferred that each of the first press mold and the second press mold at least include: a press mold
body having a press-molding surface; and a guide member having at least the function of maintaining
a substantially fixed distance between the press-molding surfaces of the first press mold and the
second press mold in the press molding, by, when pushed to the side of the other press mold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
other press mold which is placed so as to be opposed to the press-molding surface, that the first step
be carried out by bringing the first press mold and the second press mold closer together until the
guide member of the first press mold and the guide member of the second press mold are brought into
contact with each other, and that the second step be carried out by continuing to press, with the press
mold body of the first press mold and the press mold body of the second press mold, the plate glass
with the guide member of the first press mold and the guide member of the second press mold being
in contact with each other. [0036]         Accordingto another embodiment mode, in the method of
manufacturing a glass blank for a magnetic recording medium glass substrate of the second aspect of
the present invention, it is preferred that the method of manufacturing a glass blank for a magnetic
recording medium glass substrate of the second aspect of the present invention further include a
molten glass gob forming step of causing molten glass to fall from a glass outlet and cutting a forward
end portion of a molten glass flow continuously flowing out downward in the vertical direction. [0037]
According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
viscosity of the molten glass be in a range of 500 dPa.s to 1,050 dPa.s. [0038]         According to a
further embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme
dium glass substrate of the second aspect of the present invention, it is preferred that the first press
mold and the second press mold be placed so as to be opposed to each other in a direction
perpendicular to the direction in which the molten glass gob falls. [0039]         According to a further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass substrate of the second aspect of the present invention, it is preferred that the duration time of
the second step be controlled so that the flatness of the glass blank for a magnetic recording medium
glass substrate is 10 pm or less(within 10 pm). [0040]         According to a further embodiment mode,
in the method of manufacturing a glass blank for amagnetic recordingme dium glass substrate of the
second aspect of the present invention, it is preferred that the duration time of the second step be
selected so that the temperature of the plate glass when the second step is completed is at least equal
to or lower than a temperature which is 1000 higher than the strain point of a glass material forming
the plate glass. 
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100°C. 

 [0023] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

press pressure in the second pressing step be reduc ed with time. 

 [0024] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

press pressure be reduced when the temperature of t he plate glass 

sandwiched between the first press mold and the sec ond press mold is 

lowered into a range of ±30°C from the defromation point of a glass material 

forming the plate glass. 

 [0025] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that, during 

the second pressing step is carried out, one surfac e of the plate glass 

and the press-molding surface of the first press mo ld be always in intimate 

contact with each other without a gap and the other  surface of the plate 

glass and the press-molding surface of the second p ress mold be always 

in intimate contact with each other without a gap. 

 [0026] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the first aspect of the present invention, it is  preferred that the 

duration time of the second pressing step be contro lled so that the flatness 

of the glass blank for a magnetic recording medium glass substrate is 

[0041] According to a further embodiment mode, in the method of manufacturing a glass blank for
amagnetic recordingme dium glass substrate of the second aspect of the present invention, it is
preferred that the absolute value of the difference between the temperature of the press-molding
surface of the first press mold and the temperature of the press-molding surface of the second press
mold immediately before the first step is carried out be in a range of 0C to 10C. [0042]         According
to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
absolute values of the temperature differences within the press-molding surfaces of the first press
mold and the second press mold immediately before the first step is carried out be in a range of 0C to
100C. [0043]          According to a further embodiment mode, in the method of manufacturing a glass
blank for amagnetic recordingme dium glass substrate of the second aspect of the present invention, it
is preferred that at least during a period in which the press-molding step is carried out, the temperature
of the press-molding surface of the first press mold and the temperature of the press-molding surface
of the second press mold be substantially the same, and that the molten glass gob be press-molded
after the press-molding surface of the first press mold and the press-molding surface of the second
press mold are brought into contact with the molten glass gob substantially at the same time. [0044]
According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
second step continue until the temperature of the plate glass is at least  equal to or lower than a
temperature which is 10C higher than the strain point of a glass material forming the plate glass.
[0045] 
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4 µm or less(within 4 µm). 

 [0027] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank of the first aspect of the present invention, 

it is preferred that regions in contact with at lea st the plate glass 

of the press-molding surfaces of the first press mo ld and the second 

press mold be substantially flat surfaces. 

 [0028] 

 According to the first aspect of the present inven tion, there is 

also provided a method of manufacturing a magnetic recording medium glass 

substrate, including at least: manufacturing a glas s blank for a magnetic 

recording medium glass substrate, including at leas t: a first pressing 

step of pressing a falling molten glass gob with a first press mold and 

a second press mold placed so as to be opposed to e ach other in a direction 

crossing a direction in which the molten glass gob falls to form the 

falling molten glass gob into a plate shape; a seco nd pressing step of 

continuing to press, with the first press mold and the second press mold, 

plate glass formed between the first press mold and  the second press 

mold; and a taking out step of, after the second pr essing step, moving 

the first press mold and the second press mold away  from each other and 

taking out the plate glass sandwiched between the f irst press mold and 

the second press mold; and after that, a polishing step of polishing 

main surfaces of the glass blank for a magnetic rec ording medium glass 

substrate, in which: at least during a period in wh ich the first pressing 

step and the second pressing step are carried out, the temperature of 

a press-molding surface of the first press mold and  the temperature of 

a press-molding surface of the second press mold ar e substantially the 

same; in the first pressing step, the molten glass gob is pressed after 

the press-molding surface of the first press mold a nd the press-molding 

According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that the
press pressure in the second step be reduced with time. [0046]         According to a further
embodiment mode, in the method of manufacturing a glass blank for amagnetic recordingme dium
glass substrate of the second aspect of the present invention, it is preferred that the press pressure be
reduced when the temperature of the plate glass sandwiched between the first press mold and the
second press mold is lowered into a range of 30C from the defromation point of a glass material
forming the plate glass. [0047]         According to a further embodiment mode, in the method of
manufacturing a glass blank for amagnetic recordingme dium glass substrate of the second aspect of
the present invention, it is preferred that the flatness of the glass blank for amagnetic recordingme di
umglass substrate be 10 pm or less(within 10 pm). [0048]         According to a further embodiment
mode, in the method of manufacturing a glass blank for amagnetic recordingme dium glass substrate
of the second aspect of the present invention, it is preferred that the flatness of the glass blank for
amagnetic recordingme di umglass substrate be 4 pm or less(within 4 pm) . [0049] According to a
further embodiment mode, in the method of  manufacturing a glass blank for amagnetic recordingme
dium glass substrate of the second aspect of the present invention, it is preferred that regions in
contact with at least the plate glass of the press-molding surfaces of the first press mold and the
second press mold be substantially flat surfaces. [0050] 
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surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time; and the d uration time of the 

second pressing step is controlled so that the flat ness of the glass 

blank for a magnetic recording medium glass substra te is 10 µm or 

less(within 10 µm). 

 [0029] 

 According to an embodiment mode, in the method of manufacturing 

a magnetic recording medium glass substrate of the first aspect of the 

present invention, it is preferred that the duratio n time of the second 

pressing step be selected so that the temperature o f the plate glass 

when the second pressing step is completed is at le ast equal to or lower 

than a temperature which is 10°C higher than the st rain point of a glass 

material forming the plate glass. 

 [0030] 

 According to another embodiment mode, in the metho d of manufacturing 

a magnetic recording medium glass substrate of the first aspect of the 

present invention, it is preferred that the flatnes s of the glass blank 

for a magnetic recording medium glass substrate and  the flatness of the 

magnetic recording medium glass substrate be substa ntially the same. 

 [0031] 

 According to the first aspect of the present inven tion, there is 

further provided a method of manufacturing a magnet ic recording medium, 

including at least: manufacturing a glass blank for  a magnetic recording 

medium glass substrate, including at least: a first  pressing step of 

pressing a falling molten glass gob with a first pr ess mold and a second 

press mold placed so as to be opposed to each other  in a direction crossing 

a direction in which the molten glass gob falls to form the falling molten 

glass gob into a plate shape; a second pressing ste p of continuing to 

press, with the first press mold and the second pre ss mold, plate glass 

According to a further embodiment mode, in the method of manufacturing a glass blank for amagnetic
recordingme dium glass substrate of the second aspect of the present invention, it is preferred that
each of the first press mold and the second press mold further include: a first pushing member for
pushing at the same time the press mold body and the guide member in a direction perpendicular to
the press-molding surface and to the side of the other press mold placed so as to be opposed to the
press-molding surface; and a second pushing member for, after the first pushing member brings the
guide member and a part of the other press mold placed so as to be opposed to the press-molding
surface into contact with each other, pushing the press mold body in a direction perpendicular to the
press-molding surface and to the side of a press mold placed so as to be opposed to the
press-molding surface. [0051]         According to the second aspect of the present invention, there is
also provided a method of manufacturing a magnetic recording medium glass substrate, including at
least: manufacturing a glass blank for a magnetic recording medium glass substrate, including at least
a press-molding step of press-molding a falling molten glass gob with a first press mold and a second
press mold placed so as to be opposed to each other in a direction crossing a direction in which the
molten glass gob falls, and after that, a polishing step of polishing main surfaces of the glass blank for
a magnetic recording medium glass substrate, in which: at least the first press mold at least includes: a
press mold body having a press-molding surface; and a guide member having at least the function of
maintaining a substantially fixed distance between the press-molding surfaces of the first press mold
and the second press mold in the press molding, by, when pushed to the side of the second press
mold which is placed so as to be opposed to the press-molding surface, being brought into contact
with a part of the second press mold which is placed so as to be opposed to the press-molding
surface; and the press-molding step includes: a first step of forming the molten glass gob into plate
glass by bringing the first press mold and the second press mold closer together until the guide
member of the first press mold and the second press mold are in contact with each other; and a
second step of continuing to press, with the press mold body of the first press mold and the second
press mold, plate glass with the guide member of the first press mold and the second press mold
being in contact with each other. [0052]         According to an embodiment mode, in the method of
manufacturing a magnetic recording medium glass substrate of the second aspect of the present
invention, it is preferred that the flatness of the glass blank for a magnetic recording medium glass
substrate and the flatness of the magnetic recording medium glass substrate be substantially the
same. [0053]         According to the second aspect of the present invention, there is further provided
amethod of manufacturing amagnetic recording medium, including at least: manufacturing a glass
blank for a magnetic recording medium glass substrate, including at least a press-molding step of
press-molding a falling molten glass gob with a first press mold and a second press mold placed so as
to be opposed to each other in a direction crossing a direction in which the molten glass gob falls; after
that, manufacturing a magnetic recording medium glass substrate, including at least a polishing step of
polishing main surfaces of the glass blank for a magnetic recording medium glass substrate; and
further, manufacturing a magnetic recording medium, including at least a magnetic recording
layer-forming step of forming a magnetic recording layer on the magnetic recording medium glass
substrate, in which: at least the first press mold at least includes : a press mold body having a
press-molding surface; and a guide member having at least the function of maintaining a substantially
fixed distance between the press-molding surfaces of the first press mold and the second press mold
in the press molding, by, when pushed to the side of the second press mold which is placed so as to
be opposed to the press-molding surface, being brought into contact with a part of the second press
mold which is placed so as to be opposed to the press-molding surface; and the press-molding step
includes: a first step of forming the molten glass gob into plate glass by bringing the first press mold
and the second press mold closer together until the guide member of the first press mold and the
second press mold are in contact with each other; and a second step of continuing to press, with the
press mold body of the first press mold and the second press mold, plate glass with the guide member
of the first press mold and the second press mold being in contact with each other. [0054]
According to an embodiment mode, in the method of manufacturing a magnetic recording medium of
the second aspect of the present invention, it is preferred that the flatness of the glass blank for
amagnetic recording medium glass substrate and the flatness of the magnetic recording medium glass
substrate be substantially the same. [0055] 
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formed between the first press mold and the second press mold; and a 

taking out step of, after the second pressing step,  moving the first 

press mold and the second press mold away from each  other and taking 

out the plate glass sandwiched between the first pr ess mold and the second 

press mold; after that, manufacturing a magnetic re cording medium glass 

substrate, including at least a polishing step of p olishing main surfaces 

of the glass blank for a magnetic recording medium glass substrate; and 

further, manufacturing a magnetic recording medium,  including at least 

a magnetic recording layer-forming step of forming a magnetic recording 

layer on the magnetic recording medium glass substr ate, in which: at 

least during a period in which the first pressing s tep and the second 

pressing step are carried out, the temperature of a  press-molding surface 

of the first press mold and the temperature of a pr ess-molding surface 

of the second press mold are substantially the same ; in the first pressing 

step, the molten glass gob is pressed after the pre ss-molding surface 

of the first press mold and the press-molding surfa ce of the second press 

mold are brought into contact with the molten glass  gob substantially 

at the same time; and the duration time of the seco nd pressing step is 

controlled so that the flatness of the glass blank for a magnetic recording 

medium glass substrate is 10 µm or less(within 10 µm). 

 [0032] 

 According to an embodiment mode, in the method of manufacturing 

a magnetic recording medium of the first aspect of the present invention, 

it is preferred that the duration time of the secon d pressing step be 

selected so that the temperature of the plate glass  when the second pressing 

step is completed is at least equal to or lower tha n a temperature which 

is 10°C higher than the strain point of a glass mat erial forming the 

plate glass. 

 [0033] 

According to the second aspect of the present invention, there is further provided an apparatus for
manufacturing a glass blank for a magnetic recording medium glass substrate, including at least: a
molten glass effluent pipe including an outlet through which a molten glass flow falls downward in the
vertical direction; a pair of shear blades placed so as to be opposed to each other in a direction
substantially perpendicular to a direction in which the molten glass flow flowing out from the molten
glass effluent pipe falls, on both sides of the direction in which the molten glass flow falls, for cutting a
forward end portion of the molten glass flow by being inserted into the molten glass flow from both
sides thereof to form a molten glass gob; and a first press mold and a second press mold placed so as
to be opposed to each other in a direction substantially perpendicular to the direction in which the
molten glass gob falling downward in the vertical direction falls, on both sides of the direction in which
the molten glass gob falls, for press-molding the molten glass gob into plate glass by sandwiching the
molten glass gob from both sides thereof, in which at least the first press mold at least includes: a
press mold body having a press-molding surface; a guide member having at least the function of
maintaining a substantially fixed distance between the press-molding surfaces of the first press mold
and the second press mold in the press molding, by, when pushed to the side of the second press
mold which is placed so as to be opposed to the press-molding surface, being brought into contact
with a part of the second press mold which is placed so as to be opposed to the press-molding
surface; a first pushing member for pushing at the same time the press mold body and the guide
member in a direction perpendicular to the press-molding surface and to the side of the second press
mold placed so as to be opposed to the press-molding surface; and a second pushing member for,
after the first pushing member brings the guide member and a part of the second press mold placed so
as to be opposed to the press-molding surface into contact with each other, pushing the press mold
body in a direction perpendicular to the press-molding surface andto the side of apress moldplaced so
as to be opposed to the press-molding surface. [0056]         According to a third aspect of the present
invention, there is provided a method of manufacturing a glass blank for a magnetic recording medium
glass substrate, including a press-molding step of press-molding a plate glass by directly pressing a
molten glass gob by using a pair of press molds which are placed so as to be opposed to each other
and have substantially the same temperature, in which the press-molding step includes continuing to
press the molten glass gob by the pair of press molds until the temperature of the molten glass gob is
equal to or lower than a temperature which is 10C higher than a strain point of a glass material forming
the plate glass. [0057]         According to an embodiment mode, it is preferred that the method of
manufacturing a glass blank for a magnetic recording medium glass substrate according to the third
aspect of the present invention further include performing annealing after maintaining a state in which
the molten glass gob and the pair of press molds are brought into intimate contact with each other until
the temperature of the molten glass gob is equal to or lower than the strain point of the glass material.
[0058]         Accordingto another embodiment mode, in the method of manufacturing a glass blank for
a magnetic recording medium glass substrate according to the third aspect of the present invention, it
is preferred that the press-molding step include a first pressing step for determining a thickness of the
plate glass and a second pressing step for improving a flatness of the plate glass, and that the first
pressing step and the second pressing step be carried out continuously by using the pair of press
molds. [0059]         According to a further embodiment mode, in the method of manufacturing a glass
blank for amagnetic recordingme dium glass substrate according to the third aspect of the present
invention, it is preferred that the press-molding step be carried out so that the thickness of the plate
glass is 2 mm or less and the flatness thereof is 10 pm or less. [0060] 
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 According to another embodiment mode, in the metho d of manufacturing 

a magnetic recording medium of the first aspect of the present invention, 

it is preferred that the flatness of the glass blan k for a magnetic recording 

medium glass substrate and the flatness of the magn etic recording medium 

glass substrate be substantially the same. 

 [0034] 

 The second object including the common object is a chieved by the 

second aspect of the present invention as follows.  That is, accord ing 

to  the  second  aspec t  o f  the  p resen t  i nven t ion ,  the r e  i s  p rov ided 

a method of manufacturing a glass blank for a magne tic recording medium 

glass substrate,  i nc lud ing  at least: a press-moldin g step of 

press-molding a falling molten glass gob with a fir st press mold and 

a second press mold placed so as to be opposed to e ach other in a direction 

crossing a direction in which the molten glass gob falls, in which: at 

least the first press mold at least i nc ludes :  a pre ss mold body having 

a press-molding surface; and a guide member having at least the function 

of maintaining a substantially fixed distance betwe en the press-molding 

surfaces of the first press mold and the second pre ss mold in the press 

molding, by, when pushed to the side of the second press mold which is 

placed so as to be opposed to the press-molding sur face, being brought 

into contact with a part of the second press mold w hich is placed so 

as to be opposed to the press-molding surface; and the press-molding 

step inc ludes:  a first step of forming the molten g lass gob into plate 

glass by bringing the first press mold and the seco nd press mold closer 

together until the guide member of the first press mold and the second 

press mold are in contact with each other; and a se cond step of continuing 

to press, with the press mold body of the first pre ss mold and the second 

press mold, the plate glass with the guide member o f the first press 

mold and the second press mold being in contact wit h each other. 

According to the third aspect of the present invention, there is also provided a method of
manufacturing a magnetic recording medium glass substrate, including: producing the glass blank for
a magnetic recording medium glass substrate by the method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to the third aspect of the present invention; and
processing the glass blank for a magnetic recording medium glass substrate to produce a magnetic
recording medium glass substrate. [0061]         According to the third aspect of the present invention,
there is further provided a method of manufacturing a magnetic recording medium, including:
producing the magnetic recording medium glass substrate by the method of manufacturing a magnetic
recording medium glass substrate according to the third aspect of the present invention; and producing
a magnetic recording medium, including at least a magnetic recording layer-forming step of forming a
magnetic recording layer on the magnetic recording medium glass substrate. [Advantageous Effects of
Invention] [0062]         According to the first aspect and the third aspect of the present invention, a
method of manufacturing a glass blank for amagnetic recording medium glass substrate which may
produce a glass blank excellent in flatness, and a method of manufacturing a magnetic recording
medium glass substrate and a method of manufacturing a magnetic recording medium using the same
may be provided. [0063]         According to the second aspect of the present invention, a method of
manufacturing a glass blank for a magnetic recording medium glass substrate which may manufacture
a glass blank with smaller thickness deviation and flatness even when the glass blank is manufactured
using the horizontal direct press, and a method of manufacturing a magnetic recording medium glass
substrate, a method of manufacturing a magnetic recording medium, and a apparatus for
manufacturing a glass blank for a magnetic recording medium glass substrate using the method of
manufacturing a glass blank for amagnetic recordingme dium glass substrate may be provided. [Brief
Description of Drawings] [0064]         [FIG. 1] FIG. 1 is a schematic sectional view for illustrating a part
of the whole steps in one example of a method of manufacturing a glass blank according to a first
embodiment of the present invention.         [FIG. 2] FIG. 2 is a schematic sectional view for illustrating
another part of the whole steps in the one example of the method of manufacturing a glass blank
according to the first embodiment of the present invention. 
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 [0035] 

 According to an embodiment mode, in the method of manufacturing 

a glass blank for a magnetic recording medium glass  substrate of the 

second aspect of the present invention, it is prefe rred that each of 

the first press mold and the second press mold at l east include: a press 

mold body having a press-molding surface; and a gui de member having at 

least the function of maintaining a substantially f ixed distance between 

the press-molding surfaces of the first press mold and the second press 

mold in the press molding, by, when pushed to the s ide of the other press 

mold which is placed so as to be opposed to the pre ss-molding surface, 

being brought into contact with a part of the other  press mold which 

is placed so as to be opposed to the press-molding surface, that the 

first step be carried out by bringing the first pre ss mold and the second 

press mold closer together until the guide member o f the first press 

mold and the guide member of the second press mold are brought into contact 

with each other, and that the second step be carrie d out by continuing 

to press, with the press mold body of the first pre ss mold and the press 

mold body of the second press mold, the plate glass  with the guide member 

of the first press mold and the guide member of the  second press mold 

being in contact with each other. 

 [0036] 

 According to another embodiment mode, in the metho d of manufacturing 

a glass blank for a magnetic recording medium glass  substrate of the 

second aspect of the present invention, it is prefe rred that the method 

of manufacturing a glass blank for a magnetic recor ding medium glass 

substrate of the second aspect of the present inven tion further include 

a molten glass gob forming step of causing molten g lass to fall from 

a glass outlet and cutting a forward end portion of  a molten glass flow 

continuously flowing out downward in the vertical d irection. 

[FIG. 3] FIG. 3 is a schematic sectional view for illustrating  one example of a falling molten glass gob.
[FIG. 4] FIG. 4 is a schematic sectional view for illustrating a further part of the whole steps in the one
example of the method of manufacturing a glass blank according to the first embodiment of the
present invention.           [FIG. 5] FIG. 5 is a schematic sectional view for illustrating a further part of
the whole steps in the one example of the method of manufacturing a glass blank according to the first
embodiment of the present invention.           [FIG. 6] FIG. 6 is a schematic sectional view for illustrating
a further part of the whole steps in the one example of the method of manufacturing a glass blank
according to the first embodiment of the present invention.           [FIG. 7] FIG. 7 is a schematic
sectional view for illustrating a further part of the whole steps in the one example of the method of
manufacturing a glass blank according to the first embodiment of the present invention.           [FIG. 8]
FIG. 8 is a schematic sectional view for illustrating a further part of the whole steps in the one example
of the method of manufacturing a glass blank according to the first embodiment of the present
invention.           [FIG. 9] FIG. 9 is a schematic sectional view for illustrating a further part of the whole
steps in the one example of the method of manufacturing a glass blank according to the first
embodiment of the present invention.           [FIG. 10] FIG. 10 is a schematic sectional view for
illustrating one example of a press mold used in the method of manufacturing a glass blank according
to the first embodiment of the present invention. [0065]  
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 [0037] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

viscosity of the molten glass be in a range of 500 dPa·s to 1,050 dPa·s. 

 [0038] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

first press mold and the second press mold be place d so as to be opposed 

to each other in a direction perpendicular to the d irection in which 

the molten glass gob falls. 

 [0039] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

duration time of the second step be controlled so t hat the flatness of 

the glass blank for a magnetic recording medium gla ss substrate is 10 

µm or less(within 10 µm). 

 [0040] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

duration time of the second step be selected so tha t the temperature 

of the plate glass when the second step is complete d is at least equal 

to or lower than a temperature which is 10°C higher  than the strain point 

of a glass material forming the plate glass. 

 [0041] 

 According to a further embodiment mode, in the met hod of 

[FIG. 11] FIG. 11 is a schematic sectional view for illustrating a part of the whole steps in one example
of a method of manufacturing a glass blank according to a second embodiment of the present
invention.           [FIG. 12] FIG. 12 is a schematic sectional view for illustrating another part of the
whole steps in the one example of the method of manufacturing a glass blank according to the second
embodiment of the present invention.           [FIG. 13] FIG. 13 is a schematic sectional view for
illustrating one example of a falling molten glass gob.           [FIG. 14] FIG. 14 is a schematic sectional
view for illustrating a further part of the whole steps in the one example of the method of manufacturing
a glass blank according to the second embodiment of the present invention.           [FIG. 15] FIG. 15 is
a schematic sectional view for illustrating a further part of the whole steps in the one example of the
method of manufacturing a glass blank according to the second embodiment of the present invention.
[FIG. 16] FIG. 16 is a schematic sectional view for illustrating a further part of the whole steps in the
one example of the method of manufacturing a glass blank according to the second embodiment of the
present invention.           [FIG. 17] FIG. 17 is a schematic sectional view for illustrating a further part of
the whole steps in the one example of the method of manufacturing a glass blank according to the
second embodiment of the present invention.           [FIG. 18] FIG. 18 is a schematic sectional view for
illustrating a further part of the whole steps in the one example of the method of manufacturing a glass
blank according to the second embodiment of the present invention.          [FIG. 19] FIG. 19 is a
schematic sectional view for illustrating a further part of the whole steps in the one example of the
method of manufacturing a glass blank according to the second embodiment of the present invention.
[FIG. 20] FIG. 20 is a schematic sectional view for illustrating one example of a more specific structure
of a press mold used in the method of manufacturing a glass blank according to the second
embodiment of the present invention.          [FIG. 21] FIG. 21 is a schematic sectional view illustrating
another example of the press mold used in the method of manufacturing a glass blank according to the
second embodiment of the present invention.          [FIG. 22] FIG. 22 is a schematic sectional view of a
press mold used in Comparative Example Al. 
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manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

absolute value of the difference between the temper ature of the 

press-molding surface of the first press mold and t he temperature of 

the press-molding surface of the second press mold immediately before 

the first step is carried out be in a range of 0°C to 10°C. 

 [0042] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

absolute values of the temperature differences with in the press-molding 

surfaces of the first press mold and the second pre ss mold immediately 

before the first step is carried out be in a range of 0°C to 100°C. 

 [0043] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that at 

least during a period in which the press-molding st ep is carried out, 

the temperature of the press-molding surface of the  first press mold 

and the temperature of the press-molding surface of  the second press 

mold be substantially the same, and that the molten  glass gob be 

press-molded after the press-molding surface of the  first press mold 

and the press-molding surface of the second press m old are brought into 

contact with the molten glass gob substantially at the same time. 

 [0044] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

second step continue until the temperature of the p late glass is at least 

[FIG. 23]FIG. 23 is a schematic sectional view of a press mold used in Comparative Example A2.
[Modes for Carrying out the Invention] [0066] <First Embodiment> (Method of Manufacturing Glass
Blank for Magnetic Recording Medium Glass Substrate)         According to a first embodiment of the
present invention, there is provided a method of manufacturing a glass blank for a magnetic recording
medium glass substrate (hereinafter, sometimes abbreviated to as "method of manufacturing a glass
blank"), including at least: a first pressing step of pressing a falling molten glass gob with a first press
mold and a second press mold placed so as to be opposed to each other in a direction crossing a
direction in which the molten glass gob falls to form the falling molten glass gob into a plate shape; a
second pressing step of continuing to press, with the first press mold and the second press mold, plate
glass formed between the first press mold and the second press mold; and a taking out step of, after
the second pressing step, moving the first press mold and the second press mold away from each
other and taking out the plate glass sandwiched between the first press mold and the second press
mold, in which: at least during a period in which the first pressing step and the second pressing step
are carried out, the temperature of a press-molding surface of the first press mold and the temperature
of a press-molding surface of the second press mold are substantially the same; in the first pressing
step, the molten glass gob is pressed after the press-molding surface of the first press mold and the
press-molding surface of the second press mold are brought into contact with the molten glass gob
substantially at the same time; and the duration time of the second pressing step is controlled so that
the flatness of the glass blank is 10 pm or less (within 10 pm). The "magnetic recording medium glass
substrate" as used herein means a glass substrate for a magnetic recording medium formed of
amorphous glass. [0067]         In the method of manufacturing a glass blank according to the first
embodiment, in the first pressing step, similarly to a case of a conventional press method, a molten
glass gob which has the temperature that is sufficiently higher than a strain point of a glass material
and which is held in an easily deformable state is pressed to be formed into a plate shape. Here, the
molten glass gob is pressed after the press-molding surface of the first press mold and the
press-molding surface of the second press mold are brought into contact with the molten glass gob
substantially at the same time. In addition to this, during a period in which the first pressing step and
the second pressing step are carried out, the temperature of the press-molding surface of the first
press mold and the temperature of the press-molding surface of the second press mold are
substantially the same. Therefore, both surfaces of the molten glass gob which is being formed into a
plate shape in the first pressing step and both surfaces of the plate glass sandwiched between the pair
of press molds in the second pressing step continue to be cooled always symmetrically. Therefore,
compared with a case of vertical direct press in which a molten glass gob in a state of having a
viscosity distribution due to contact with a lower mold for a long time is press-molded, in the method of
manufacturing a glass blank according to the first embodiment, almost no temperature difference is
caused between both the surfaces of the plate glass after being press-molded, and thus, deterioration
of the flatness due to temperature difference between both the surfaces may be suppressed with
reliability. [0068] 
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equal to or lower than a temperature which is 10°C higher than the strain 

point of a glass material forming the plate glass. 

 [0045] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

press pressure in the second step be reduced with t ime. 

 [0046] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

press pressure be reduced when the temperature of t he plate glass 

sandwiched between the first press mold and the sec ond press mold is 

lowered into a range of ±30°C from the defromation point of a glass material 

forming the plate glass. 

 [0047] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

flatness of the glass blank for a magnetic recordin g medium glass substrate 

be 10 µm or less(within 10 µm). 

 [0048] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that the 

flatness of the glass blank for a magnetic recordin g medium glass substrate 

be 4 µm or less(within 4 µm). 

 [0049] 

 According to a further embodiment mode, in the met hod of 

On the other hand, the plate glass immediately after the first pressing step is completed is at a high
temperature and has high fluidity (low viscosity). Therefore, the plate glass is in a quite easily
deformable state, and thus, in a state of being liable to deteriorate in flatness. However, in the second
pressing step which is carried out subsequently to the first pressing step, the plate glass formed
between the first press mold and the second press mold continues to be pressed with the first press
mold and the second press mold. Here, the duration time of the second pressing step is controlled so
that the flatness of the glass blank is 10 pm or less(within 10 pm). Note that, the duration time of the
second pressing step is preferably controlled so that the flatness of the glass blank is 4 pm or less
(within 4pm). In consequence, the flatness of the produced glass blank may be improved. Note that, if
the duration time of the second pressing step is short, strain due to disturbance is caused in the plate
glass in the process of being cooled, and the strain deteriorates the flatness of the glass blank.
Therefore, the duration time of the second pressing step is changed, the flatness of the obtained glass
blank is measured, and based on the result, the duration time of the second pressing step is set so
that the flatness is 10 pm or less(within 10 pm) and the glass blank is manufactured. However, if the
duration time of the second pressing step is too long, the productivity is reduced. It follows that the
duration time of the second pressing step should be set taking into consideration the flatness of the
glass blank and the productivity. From these viewpoints, specifically, it is preferred that the duration
time of the second pressing step be in a range of 2 to 40 seconds, and it is more preferred that the
duration time of the second pressing step be in a range of 2 to 30 seconds. [0069]         Further, in
order to control the flatness of the glass blank to be 10 pm or less (within 10 pm), in the second
pressing step, it is particularly preferred that the duration time of the second pressing step be selected
so that the plate glass continues to be pressed until the temperature reaches a range in which the
fluidity of the plate glass is lost and deformation thereof becomes impossible in effect. In this case,
with a state in which the deformation of the plate glass immediately after the completion of the first
pressing step is suppressed being maintained, the plate glass may be solidified. In consequence, a
more excellent flatness of the produced glass blank may be obtained. Here, the duration time of the
second pressing step is preferably selected so that the temperature of the plate glass when the
second pressing step is completed is equal to or lower than a temperature which is 10C higher than
the strain point of the glass material forming the plate glass, more preferably selected so that the
temperature is equal to or lower than a temperature which is 5C higher than the strain point, still more
preferably selected so that the temperature is equal to or lower than the strain point. On the other
hand, the lower limit of the temperature of the plate glass when the second pressing step is completed
is not specifically limited, but, from the viewpoint of suppressing reduction of the productivity due to
prolonged time necessary for carrying out the second pressing step, practically, it is preferred that the
lower limit be equal to or higher than the strain point. Therefore, it is preferred that the upper limit of
the duration time of the second pressing step be also selected from this viewpoint. [0070]         In the
method of manufacturing a glass blank according to the first embodiment, at least during the period in
which the first pressing step and the second pressing step are carried out, the temperature of the
press-molding surface of the first press mold and the temperature of the press-molding surface of the
second press mold need to be substantially the same. "Substantially the same" as used herein means
that the absolute value of the difference between the temperature of the press-molding surface of the
first press mold and the temperature of the press-molding surface of the second press mold is 10C or
less. The absolute value of the temperature difference is more preferably 5C or less, most preferably
equal to 0C. Here, when a temperature distribution exists within a press-molding surface, the
"temperature of the press-molding surface" means the temperature of the vicinity of a central portion of
the press-molding surface. Note that, for the sake of reference, in the vertical direct press method, the
absolute value of the difference between the temperature of a press-molding surface of an upper mold
and the temperature of a press-molding surface of a lower mold when a molten glass gob is being
press-molded is, depending on the conditions of the press molding, generally on the order of 50C to
100C. [0071]         In the first pressing step, the molten glass gob is pressed after the press-molding
surface of the first press mold and the press-molding surface of the second press mold are brought
into contact with the molten glass gob substantially at the same time. "Brought into contact
substantially at the same time" as used herein means that the absolute value of the temporal
difference between a point in time at which the molten glass gob and one of the press-molding
surfaces are brought into contact with each other and a point in time at which the molten glass gob
and the other of the press-molding surfaces are brought into contact with each other is 0.1 second or
less. The absolute value of the temporal difference is more preferably 0.05 second or less, most
preferably equal to 0 seconds. Note that, for the sake of reference, in the vertical direct press method,
time taken for the molten glass gob to, after being brought into contact with the press-molding surface
of the lower mold, be brought into contact with the press-molding surface of the upper mold is,
depending on the conditions of the press molding, generally on the order of 1.5 seconds to 3 seconds.
[0072]         Note that, even in the conventional vertical direct press, if, after a molten glass gob is
formed into plate glass with an upper mold and a lower mold, the plate glass is cooled to a
temperature around the strain point with the plate glass being pressed with the upper mold and the
lower mold, significant improvement of the flatness of the glass blank may be expected. However, in
this case, time required for press-molding one glass blank significantly increases, and thus, significant
reduction of the productivity is inevitable, which is not practical (see paragraph [0009] of Patent
Literature 1). Therefore, the applicant of the subject application has given up adoption and
commercialization of a technology for cooling a plate glass to a temperature around the strain point
with the plate glass being pressed with the upper mold and the lower mold in the vertical direct press,
and, has attempted to accomplish both the productivity and the improvement of the flatness of a glass
blank with various alternative technologies such as using an upper mold for cooling as exemplified in
Patent Literature 
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manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that regions 

in contact with at least the plate glass of the pre ss-molding surfaces 

of the first press mold and the second press mold b e substantially flat 

surfaces. 

 [0050] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

of the second aspect of the present invention, it i s preferred that each 

of the first press mold and the second press mold f urther include: a 

first pushing member for pushing at the same time t he press mold body 

and the guide member in a direction perpendicular t o the press-molding 

surface and to the side of the other press mold pla ced so as to be opposed 

to the press-molding surface; and a second pushing member for, after 

the first pushing member brings the guide member an d a part of the other 

press mold placed so as to be opposed to the press- molding surface into 

contact with each other, pushing the press mold bod y in a direction 

perpendicular to the press-molding surface and to t he side of a press 

mold placed so as to be opposed to the press-moldin g surface. 

 [0051] 

 Accord ing to  the  second aspec t  o f  the  presen t  i nve nt ion ,  there  

i s  a l so  prov ided  a method of manufacturing a magnet ic recording medium 

glass substrate, i nc lud ing  at least: manufacturing a glass blank for 

a magnetic recording medium glass substrate, includ ing at least a 

press-molding step of press-molding a falling molte n glass gob with a 

first press mold and a second press mold placed so as to be opposed to 

each other in a direction crossing a direction in w hich the molten glass 

gob falls, and after that, a polishing step of poli shing main surfaces 

of the glass blank for a magnetic recording medium glass substrate, in 

[0073]         It is thought that, from these circumstances, even when a glass blank is mass-produced
using the horizontal direct press which is a press method similar to the vertical direct press in that
press molding is carried out with a pair of press molds, to move the first press mold and the second
press mold away from each other as early as possible and to take out the plate glass are extremely
important, because this facilitates an attempt to accomplish, after a molten glass gob is formed into
plate glass, both the productivity and the improvement of the flatness of the glass blank. Therefore, it
is thought that, when a glass blank is mass-produced using the horizontal direct press, carrying out the
second pressing step in which, even after a molten glass gob is formed into plate glass, the plate glass
continues to be pressed until the temperature of the plate glass is equal to or lower than a temperature
which is 10C higher than the strain point just results in significant reduction of the productivity of the
glass blank, which is not practical. However, intensive study of the inventors of the present invention
revealed that, in the horizontal direct press, even if the second pressing step was carried out,
reduction of the productivity which was significant enough to impair the practicability did not occur. The
reason is as follows. [0074]        First, in the vertical direct press, after the molten glass gob is placed
in the lower mold, press molding is carried out. Therefore, the molten glass gob having a wide
temperature distribution (viscosity distribution) caused by the contact with the lower mold for a long
time is required to be press-molded with the upper mold and the lower mold without fail. On the other
hand, in the horizontal direct press, a falling molten glass gob is press-molded with a pair of press
molds which sandwich the falling molten glass gob. Therefore, the molten glass gob does not continue
to be in contact with one press mold before the start of the press molding. As a result, the temperature
distribution (viscosity distribution) of the molten glass gob at the time of the start of the press molding
is extremely uniform. Therefore, in order to stretch evenly and thinly molten glass gobs by press
molding to produce glass blanks having similar thicknesses by the horizontal direct press and the
vertical direct press, respectively, the average temperature of the molten glass gob in the vertical
direct press is required to be set to be higher than that in the horizontal direct press taking into
consideration the temperature distribution of the molten glass gob. Therefore, the difference between
the average temperature of the molten glass gob and the strain point at the time of the start of the
press molding in the vertical direct press is larger than that in the horizontal direct press. This fact (first
fact) means that, in order to cool a molten glass gob which is formed into a plate shape to a
temperature around the strain point, if the cooling speeds of the molten glass gob and the plate glass
are the same in the press method of the horizontal direct press and in the press method of the vertical
direct press, the cooling may be carried out in a shorter time in the horizontal direct press than in the
vertical direct press. [0075]        Suppose that the heat capacity of the press mold is similar irrespective
of the press method. Then, the cooling speeds of the molten glass gob and the plate glass are
determined by the temperature of the pair of press molds which are brought into contact with the
molten glass gob. More specifically, at the time of the start of the press molding, the cooling speed is
increased when a press mold at a low temperature is used, while the cooling speed is reduced when a
press mold at a high temperature is used. Here, in the vertical direct press, the lower mold and the
molten glass gob are in contact with each other for a long time until the start of the press molding, and
thus, the lower mold is heated by the molten glass gob until the start of the press molding. Therefore,
in the vertical direct press, the press molding always starts with one of the pair of press molds (the
lower mold) being at a higher temperature. This fact (second fact) means that it is extremely easy to
increase the cooling speeds of the molten glass gob and the plate glass in the horizontal direct press
compared with the case of the vertical direct press. [0076]         Taking the above-mentioned two facts
into consideration, it is clear that the time necessary for cooling the temperature of the molten glass
gob which is formed into a plate shape to a temperature around the strain point may be more
significantly reduced in the horizontal direct press than in the vertical direct press. Therefore, in the
horizontal direct press, even if the second pressing step is carried out, reduction of the productivity
which is significant enough to impair the practicality as in the vertical direct press does not occur.
[0077]         The method of manufacturing a glass blank according to the first embodiment described
above is not specifically limited insofar as at least the first pressing step, the second pressing step,
and the taking out step are included therein, but, usually, it is preferred that a molten glass gob forming
step be included therein. The respective steps including the molten glass gob forming step are
described in more detail in the following. Note that, in the following description, description of points
already described above is omitted. [0078] 
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which: at least the first press mold at least inclu des: a press mold 

body having a press-molding surface; and a guide me mber having at least 

the function of maintaining a substantially fixed d istance between the 

press-molding surfaces of the first press mold and the second press mold 

in the press molding, by, when pushed to the side o f the second press 

mold which is placed so as to be opposed to the pre ss-molding surface, 

being brought into contact with a part of the secon d press mold which 

is placed so as to be opposed to the press-molding surface; and the 

press-molding step includes: a first step of formin g the molten glass 

gob into plate glass by bringing the first press mo ld and the second 

press mold closer together until the guide member o f the first press 

mold and the second press mold are in contact with each other; and a 

second step of continuing to press, with the press mold body of the first 

press mold and the second press mold, plate glass w ith the guide member 

of the first press mold and the second press mold b eing in contact with 

each other. 

 [0052] 

 According to an embodiment mode, in the method of manufacturing 

a magnetic recording medium glass substrate of the second aspect of the 

present invention, it is preferred that the flatnes s of the glass blank 

for a magnetic recording medium glass substrate and  the flatness of the 

magnetic recording medium glass substrate be substa ntially the same. 

 [0053] 

 According to the second aspect of the present inve ntion, there 

is further provided a method of manufacturing a mag netic recording medium, 

including at least: manufacturing a glass blank for  a magnetic recording 

medium glass substrate, including at least a press- molding step of 

press-molding a falling molten glass gob with a fir st press mold and 

a second press mold placed so as to be opposed to e ach other in a direction 

-Molten Glass Gob Forming Step-         In the molten glass gob forming step, a molten glass gob with
regard to which pressmoldingis carriedout is produced. The me thodofproduci ng the molten glass gob
is not specifically limited, but, usually, the molten glass gob is formed by causing molten glass to fall
from a glass outlet and cutting a forward end portion of a molten glass flow continuously flowing out
downward in the vertical direction. Note that, in the cutting which is carried out so as to separate from
the molten glass flow the forward end portion thereof, a pair of shear blades may be used. The
viscosity of the molten glass is not specifically limited insofar as the viscosity is appropriate for the
cutting of the forward end portion and for the press molding, but, usually, it is preferred that the
viscosity be controlled to have a predetermined value in a range of 500 dPa.s to 1,050 dPa.s. [0079]
Next, a specific example of the molten glass gob forming step is described in more detail with
reference to the drawings. In the molten glass gob forming step, as illustrated in FIG. 1, a molten glass
flow 20 is caused to flow out continuously downward in the vertical direction from a glass outlet 12
provided at the lower end portion of a molten glass effluent pipe 10 whose upper end portion is
connected to a molten glass supply source (not shown). On the other hand, at a portion lower than the
glass outlet 12, a first shear blade (lower side blade) 30 and a second shear blade (upper side blade)
40 are arranged at both sides of the molten glass flow 20, respectively, in the direction substantially
perpendicular to a central axis D, which is the falling direction of the molten glass flow 20. The lower
side blade 30 and the upper side blade 40 move in a direction of an arrow X1 which is perpendicular to
the central axis D and which is from a left side to a right side in the figure, and in a direction of an
arrow X2 which is perpendicular to the central axis D and which is from the right side to the left side in
the figure, respectively, thereby approaching a forward end portion 22 side of the molten glass flow 20
from both sides of the molten glass flow 20. Note that, the viscosity of the molten glass flow 20 is
controlled by adjusting the temperatures of the molten glass effluent pipe 10 and the molten glass
supply source which is upstream thereof. [0080]         Further, the lower side blade 30 and the upper
side blade 40 have substantially plate-like body portions 32 and 42 and blade portions 34 and 44,
respectively. The blade portions 34 and 44 are provided on end portion sides of the body portions 32
and 42, respectively, and cut the forward end portion 22 of the molten glass flow 20 continuously
flowing out downward in the vertical direction from a direction substantially perpendicular to the
direction in which the molten glass flow 20 falls down. Note that, an upper surface 34U of the blade
portion 34 and a lower surface 44E of the blade portion 44 each have a surface substantially
coincident with a horizontal plane, and a lower surface 34E of the blade portion 34 and an upper
surface 44U of the blade portion 44 each have a surface that is slanted so as to cross the horizontal
plane. Further, the lower side blade 30 and the upper side blade 40 are placed so that the upper
surface 34U of the blade portion 34 and the lower surface 44E of the blade portion 44 are substantially
flush with each other with respect to the vertical direction. [0081]         Next, as illustrated in FIG. 2, the
lower side blade 30 and the upper side blade 40 are each moved in the horizontal direction so that the
upper surface 34U of the blade portion 34 and the lower surface 44E of the blade portion 44 are
partially overlapped substantially without any gap by further moving the lower side blade 30 and the
upper side blade 40 toward the direction of the arrow X1 and the direction of the arrow X2,
respectively. That is, the lower side blade 30 and the upper side blade 40 are caused to
perpendicularly cross the central axis D. As a result, the lower side blade 30 and the upper side blade
40 penetrate into the molten glass flow 20 until reaching the vicinity of the central axis D thereof, and
the forward end portion 22 is cut as a molten glass gob 24 having a substantially spherical shape.
Note that, FIG. 2 illustrates the moment when the forward end portion 22 is separated from the body
portion of the molten glass flow 20 as the molten glass gob 24. Further, as illustrated in FIG. 3, the
molten glass gob 24 cut from the molten glass flow 20 further falls to adownward11 side in the vertical
direction. [0082] -First Pressing Step- 



 21

crossing a direction in which the molten glass gob falls; after that, 

manufacturing a magnetic recording medium glass sub strate, including 

at least a polishing step of polishing main surface s of the glass blank 

for a magnetic recording medium glass substrate; an d further, 

manufacturing a magnetic recording medium, includin g at least a magnetic 

recording layer-forming step of forming a magnetic recording layer on 

the magnetic recording medium glass substrate, in w hich: at least the 

first press mold at least includes: a press mold bo dy having a press-molding 

surface; and a guide member having at least the fun ction of maintaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the second press mol d which is placed 

so as to be opposed to the press-molding surface, b eing brought into 

contact with a part of the second press mold which is placed so as to 

be opposed to the press-molding surface; and the pr ess-molding step 

includes: a first step of forming the molten glass gob into plate glass 

by bringing the first press mold and the second pre ss mold closer together 

until the guide member of the first press mold and the second press mold 

are in contact with each other; and a second step o f continuing to press, 

with the press mold body of the first press mold an d the second press 

mold, plate glass with the guide member of the firs t press mold and the 

second press mold being in contact with each other.  

 [0054] 

 According to an embodiment mode, in the method of manufacturing 

a magnetic recording medium of the second aspect of  the present invention, 

it is preferred that the flatness of the glass blan k for a magnetic recording 

medium glass substrate and the flatness of the magn etic recording medium 

glass substrate be substantially the same. 

 [0055] 

In the first pressing step, the falling molten glass gob 24 illustrated in FIG. 3 is pressed with the first
press mold and the second press mold which are placed so as to he opposed to each other in a
direction crossing a direction in which the molten glass gob 24 falls to he formed into a plate shape.
Here, it is preferred that the first press mold and the second press mold he placed so as to he opposed
to each other in a direction substantially perpendicular to the direction in which the molten glass gob
24 falls so as to form an angle in a range of 90 degrees 1 degree, and it is particularly preferred that
the first press mold and the second press mold be placed so as to be opposed to each other in a
direction perpendicular to the direction in which the molten glass gob 24 falls. By placing the pair of
press molds so as to be opposed to each other with respect to the direction in which the molten glass
gob 24 falls in this way, it is further facilitated to press the molten glass gob 24 evenly from both sides
to be formed into a plate shape. [0083]         Further, the temperatures of the press-molding surfaces
of the first press mold and the second press mold immediately before the first pressing step is carried
out is preferably equal to or lower than a temperature which is 10C higher than the strain point of the
glass material forming the molten glass gob 24, more preferably equal to or lower than a temperature
which is 5C higher than the strain point of the glass material forming the molten glass gob 24. By
causing the temperatures of the press-molding surfaces to be in the above-mentioned range, fusion
between the molten glass gob 24 and the press-molding surfaces in the press molding may be
suppressed with reliability. The lower limit of the temperatures of the press-molding surfaces of the first
press mold and the second press mold immediately before the first pressing step is carriedout is not
specifically limited, but, from practicalviewpoints, that is, in order to prevent a crack in the glass blank
due to rapid cooling of the molten glass gob 24, in order to prevent significant reduction of the
stretchability of the molten glass gob 24 due to rapid increase of the viscosity in the press molding,
andthe like, it is preferred that the lower limit be equal to or higher than the strain point of the glass
material forming the molten glass gob 24. [0084] Further, the absolute value of the difference between
the temperature of the press-molding surface of the first press mold and the temperature of the
press-molding surface of the second press mold immediately before the first pressing step is carried
out is preferably in a range of 0C to 10C, more preferably in a range of 0C to 5C, particularlypreferably
0C. In this case, temperature difference caused between both the surfaces of the plate glass which is
formed into a plate shape by pressing the molten glass gob 24 may be suppressed with more
reliability, and as a result, the flatness may be further improved. [0085]         Further, the absolute
values of the temperature differences within the press-molding surfaces of the first press mold and the
second press mold immediately before the first pressing step is carried out is preferably in a range of
0C to 100C, more preferably in a range of 0C to 50C, particularly preferably 0C. By causing the
temperature distribution within the press-molding surfaces to be in the above-mentioned range, to
stretch evenly and thinly the molten glass gob 24 in the press molding becomes further easier. As a
result, even when a glass blank having a smaller thickness is manufactured, a glass blank which is
excellent in flatness and has smaller thickness deviation may be more easily obtained. Note that,
"temperature within a press-molding surface" means temperature measured in a largest region in
which the press-molding surface and the molten glass gob 24 stretched into a plate shape are in
contact with each other in the press molding. [0086]         Next, the first pressing step is described
more specifically with reference to the drawings. First, the molten glass gob 24 illustrated in FIG. 3
comes between a first press mold 50 and a second press mold 60 which are placed so as to be
opposed to each other in a direction perpendicular to the direction Y1 in which the molten glass gob 24
falls as illustrated in FIG. 4. Here, the first press mold 50 and the second press mold 60 before the
press molding is carried out are placed at an interval so as to be opposed to each other in a direction
having line symmetry with respect to and perpendicular to the falling direction Yl. Then, in
synchronization with the timing when the molten glass gob 24 reaches the vicinity of the central
portions in the vertical direction of the first press mold 50 and the second press mold 60, the first press
mold 50 moves in the direction of the arrow X1 which is perpendicular to the falling direction Y1 and
which is from the left side to the right side in the figure and the second press mold 60 moves in the
direction of the arrow X2 which is perpendicular to the falling direction Y1 and which is from the right
side to the left side in the figure in order to press-mold the molten glass gob 24 by pressing from both
sides. Note that, the moving rate of the first press mold 50 in the direction of the arrow X1 and the
moving rate of the second press mold 60 in the direction of the arrow X2 are set to be the same or
substantially the same. 
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 According to the second aspect of the present inve ntion, there 

is further provided an apparatus for manufacturing a glass blank for 

a magnetic recording medium glass substrate, includ ing at least: a molten 

glass effluent pipe including an outlet through whi ch a molten glass 

flow falls downward in the vertical direction; a pa ir of shear blades 

placed so as to be opposed to each other in a direc tion substantially 

perpendicular to a direction in which the molten gl ass flow flowing out 

from the molten glass effluent pipe falls, on both sides of the direction 

in which the molten glass flow falls, for cutting a  forward end portion 

of the molten glass flow by being inserted into the  molten glass flow 

from both sides thereof to form a molten glass gob;  and a first press 

mold and a second press mold placed so as to be opp osed to each other 

in a direction substantially perpendicular to the d irection in which 

the molten glass gob falling downward in the vertic al direction falls, 

on both sides of the direction in which the molten glass gob falls, for 

press-molding the molten glass gob into plate glass  by sandwiching the 

molten glass gob from both sides thereof, in which at least the first 

press mold at least includes: a press mold body hav ing a press-molding 

surface; a guide member having at least the functio n of maintaining a 

substantially fixed distance between the press-mold ing surfaces of the 

first press mold and the second press mold in the p ress molding, by, 

when pushed to the side of the second press mold wh ich is placed so as 

to be opposed to the press-molding surface, being b rought into contact 

with a part of the second press mold which is place d so as to be opposed 

to the press-molding surface; a first pushing membe r for pushing at the 

same time the press mold body and the guide member in a direction 

perpendicular to the press-molding surface and to t he side of the second 

press mold placed so as to be opposed to the press- molding surface; and 

a second pushing member for, after the first pushin g member brings the 

[0087]         Here, the press molds 50 and 60 include press mold bodies 52 and 62 each having a
disk-like shape, respectively, and guide members 54 and 64 arranged so as to surround the outer
peripheral ends of each of the press mold bodies 52 and 62, respectively. Note that, because FIG. 4 is
a cross-sectional view, the guide members 54 and 64 are drawn as being positioned on both the upper
and lower sides of the press mold bodies 52 and 62, respectively, in FIG. 4. Further, drive members
for moving the press mold 50 in the direction of the arrow X1 and for moving the press member 60 in
the direction of the arrow X2 are omitted in the figures. [0088] One surface of each of the press mold
bodies 52 and 62 serves as press-molding surfaces 52A and 62A, respectively. Further, in FIG. 4, the
first press mold 50 and the second press mold 60 are arranged so that the two press-molding surfaces
52A and 62A face each other. Further, the guide member 54 is provided with a guide surface 5 4A,
which is positioned so as to project slightly with respect to the press-molding surface 52A in the Xi
direction, and the guide member 64 is provided with a guide surface 64A, which is positioned so as to
project slightly with respect to the press-molding surface 62A in the X2 direction. Then, the guide
surface 54A and the guide surface 64A come into contact with each other at the time of press molding,
and hence a gap is formed between the press-molding surface 52A and the press-molding surface
62A. Thus, the thickness of the gap corresponds to the thickness of the molten glass gob 24 molded
so as to have a plate shape by being press-molded between the first press mold 50 and the second
press mold 60, that is, the thickness of a glass blank. Further, the press-molding surfaces 52A and
62A are formed so that, when the press-molding step is carried out so that the molten glass gob 24 is
completely extended by pressure in the vertical direction and is molded into a plate glass between the
press-molding surface 52A of the first press mold 50 and the press-molding surface 62A of the second
press mold 60, at least regions (molten glass stretching regions) Si and 32 in contact with the
above-mentioned plate glass in each of the press-molding surfaces 52A and 62A form a substantially
flat surface. Note that, in the example illustrated in FIG. 4, the whole part of the press-molding surface
52A including the molten glass stretching region Si and the whole part of the press-molding surface
62A including the molten glass stretching region 32 each are a usual flat surface whose curvature is
substantially zero. Further, the flat surface has only minute irregularities which are formed when usual
flattening processing, usual mirror polishing processing, or the like is applied at the time  of
manufacturing press molds, but does not have convex portions and/or concave portions larger than
the minute irregularities. [0089]         The glass blank is produced by press molding the molten glass
gob 24 by pressure between the press-molding surfaces 52A and 62A. Thus, the surface roughness of
the press-molding surfaces 52A and 62A and the surface roughness of the main surfaces of the glass
blank become substantially the same. The surface roughness (central line average roughness Ra) of
the main surfaces of the glass blank is desirably controlled to the range of 0.01 to 10 pm in view of
performing scribe processing and grinding processing using a diamond sheet that are carried out as
the post processes to be described below, and hence the surface roughness (central line average
roughness Ra) of the press-molding surfaces is also preferably controlled to the range of 0.01 to 10
pm. [0090]         The molten glass gob 24 illustrated in FIG. 4 falls further downward and enters the
space between the two press-molding surfaces 52A and 62A. Then, as illustrated in FIG. 5, at the time
when the molten glass gob 24 reaches the vicinity of the almost central portion in the vertical direction
of the press-molding surfaces 5 2A and 62A parallel to the falling direction II, both side surfaces of the
molten glass gob 24 come into contact with the press-molding surfaces 52A and 62A at the same time
or substantially at the same time. [0091] 
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guide member and a part of the second press mold pl aced so as to be opposed 

to the press-molding surface into contact with each  other, pushing the 

press mold body in a direction perpendicular to the  press-molding surface 

and to the side of a press mold placed so as to be opposed to the press-molding 

surface. 

 [0056] 

 According to a third aspect of the present inventi on, there is 

provided a method of manufacturing a glass blank fo r a magnetic recording 

medium glass substrate, including a press-molding s tep of press-molding 

a plate glass by directly pressing a molten glass g ob by using a pair 

of press molds which are placed so as to be opposed  to each other and 

have substantially the same temperature, in which t he press-molding step 

includes continuing to press the molten glass gob b y the pair of press 

molds until the temperature of the molten glass gob  is equal to or lower 

than a temperature which is 10°C higher than a stra in point of a glass 

material forming the plate glass. 

 [0057] 

 According to an embodiment mode, it is preferred t hat the method 

of manufacturing a glass blank for a magnetic recor ding medium glass 

substrate according to the third aspect of the pres ent invention further 

include performing annealing after maintaining a st ate in which the molten 

glass gob and the pair of press molds are brought i nto intimate contact 

with each other until the temperature of the molten  glass gob is equal 

to or lower than the strain point of the glass mate rial. 

 [0058] 

 According to another embodiment mode, in the metho d of manufacturing 

a glass blank for a magnetic recording medium glass  substrate according 

to the third aspect of the present invention, it is  preferred that the 

press-molding step include a first pressing step fo r determining a 

Here, in additional consideration of the viewpoint of preventing the situation that press molding
becomes difficult to carry out because of the increase of the viscosity of a falling molten glass gob 24
or the situation that the position of press fluctuates because of an excessively high falling speed, the
falling distance is preferably  selected from the range of 1,000 mm or less, more preferably selected
from the range of 500 mm or less, still more preferably selected from the range of 300 mm or less,
most preferably selected from the range of 200 mm or less. Note that, the lower limit of the falling
distance is not particularly limited, but is preferably 100 mm or more for practical use. Note that, the
term "falling distance" means a distance from the position at the moment when the forward end portion
22 is separated as the molten glass gob 24 as illustrated in FIG. 2, that is, the position at which the
lower side blade 30 and the upper side blade 40 are overlapped in the vertical direction, until the
position at the time of the start of the press molding (the moment of the start of the press molding) as
illustrated in FIG. 5, that is, the vicinity of the almost central portion in the diameter direction of the
press-molding surfaces 52A and 62A parallel to the falling direction II. [0092]         Next, as illustrated
in FIG. 6, when the molten glass gob 24 is continuously pressed from its both sides with the first press
mold 50 and the second press mold 60, the molten glass gob 24 is extended by pressure so as to
have a uniform thickness around the position at which the molten glass gob 24 and each of the
press-molding surfaces 52A and 62A first come into contact. Then, as illustrated in FIG. 7, the molten
glass gob 24 is continuously pressed with the first press mold 50 and the second press mold 60 until
the guide surface 54A and the guide surface 64A come into contact, thereby being formed into a
disk-shaped or disk-like plate glass 26 between the press-molding surfaces 52A and 62A. [0093]
Here, the plate glass 26 illustrated in FIG. 7 has substantially the same shape and thickness as the
glass blank to be finally obtained. Further, the size and shape of both surfaces of the plate glass 26
are the same as those of the molten glass stretching regions Si and 32 (not shown in FIG. 7). Further,
the time taken from the state at the time of the start of the press molding illustrated in FIG. 5 until a
state in which the guide surface 54A and the guide surface 64A come into contact with each other as
illustrated in FIG. 7 (hereinafter, referred to as "press molding time" in some cases) is preferably 0.1
second or less from the viewpoint of forming the molten glass gob 24 into a plate glass. Moreover,
because a state in which the guide surface 54A and the guide surface 64A come into contact with
each other is established at the time of the press molding, it becomes easy to maintain the parallel
state between the press-molding surface 52A and the press-molding surface 62A. Note that, the lower
limit of the press molding time is not particularly limited, however, it is preferably 0.05 second or more
for practical use. [0094]          Note that, the press mold 50 illustrated in FIG. 4 to FIG. 7 includes a
press mold body 52 and a guide member 54, and the press mold 60 has a similar structure. However,
the pair of press molds used in the method of manufacturing a glass blank according to the first
embodiment is not limited to those of the type Illustrated in FIG. 4 to FIG. 7 Insofar as the pair of press
molds may press-mold the molten glass gob 24 into a plate shape. For example, as the pair of press
molds, ones of a type formed of press mold bodies 52 and 62 which are formed by removing the guide
members 54 and 64 from the press molds 50 and 60 Illustrated in FIG. 4 to FIG. 7, respectively (of a
guide-memberless type), may also be used. Further, the press molds 50 and 60 illustrated in FIG. 4 to
FIG. 7 may be of the Integral type in which the press mold bodies 52 and 62 and the guide members
54 and 64 are integrally formed, respectively, or may be of a separate type in which the press mold
bodies 52 and 62 and the guide members 54 and 64 are formed as separate members, respectively.
Note that, when the press molds 50 and 60 are of the separate type, in the first pressing step, the
press mold body 52 and the guide member 54 move in the direction of the arrow X1 at the same time
and integrally, and the press mold body 62 and the guide member 64 move in the direction of the
arrow X2 at the same time and integrally. [0095] 



 24

thickness of the plate glass and a second pressing step for improving 

a flatness of the plate glass, and that the first p ressing step and the 

second pressing step be carried out continuously by  using the pair of 

press molds. 

 [0059] 

 According to a further embodiment mode, in the met hod of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

according to the third aspect of the present invent ion, it is preferred 

that the press-molding step be carried out so that the thickness of the 

plate glass is 2 mm or less and the flatness thereo f is 10 µm or less. 

 [0060] 

 According to the third aspect of the present inven tion, there is 

also provided a method of manufacturing a magnetic recording medium glass 

substrate, including: producing the glass blank for  a magnetic recording 

medium glass substrate by the method of manufacturi ng a glass blank for 

a magnetic recording medium glass substrate accordi ng to the third aspect 

of the present invention; and processing the glass blank for a magnetic 

recording medium glass substrate to produce a magne tic recording medium 

glass substrate. 

 [0061] 

 According to the third aspect of the present inven tion, there is 

further provided a method of manufacturing a magnet ic recording medium, 

including: producing the magnetic recording medium glass substrate by 

the method of manufacturing a magnetic recording me dium glass substrate 

according to the third aspect of the present invent ion; and producing 

a magnetic recording medium, including at least a m agnetic recording 

layer-forming step of forming a magnetic recording layer on the magnetic 

recording medium glass substrate. 

 

Note that, the press molds 50 and 60 include the guide members 54 and 64, respectively, and thus,
when the guide member 54 and the guide member 64 are in contact with each other as illustrated in
FIG. 7, the press-molding surface 52A and the press-molding surface 62A are held in parallel with
each other. Therefore, even if a state in which the press-molding surface 52A and the press-molding
surface 62A are in parallel with each other can not be maintained in the process in which the press
mold 50 moves in the direction of the arrow X1 and the press mold 60 moves in the direction of the
arrow X2 as illustrated in FIG. 4 to FIG. 6, it is easy to cause the obtained glass blank to have very
small thickness deviation. In consequence, a drive for driving the press molds 50 and 60 is not
required to have controlling ability to control the press-molding surface 52A and the press-molding
surface 62A to be always maintained in a precisely parallel state in a series of process illustrated in
FIG. 4 to FIG. 7. [0096] -Second Pressing Step-         In the second pressing step, the plate glass 26
formed between the first press mold 50 and the second press mold 60 continues to be pressed with
the first press mold 50 and the second press mold 60. More specifically, the plate glass 26 continues
to be pressed with the first press mold 50 and the second press mold 60 with a state immediately after
the first pressing step illustrated in FIG. 7 is completed being maintained. Here, the duration time of
the second pressing step is controlled so that the flatness of the glass blank is 10 pm or less (within 10
pm). [0097]         Note that, during a period from immediately after the start of the first pressing step at
which the press-molding surfaces 52A and 62A and the molten glass gob 24 are brought into contact
with each other to when the second pressing step is completed, the temperature of the glass (the
molten glass gob 24 and the plate glass 26) located between the press-molding surface 52A and the
press-molding surface 62A is, depending on the glass material used in the press molding, generally
significantly lowered from on the order of 1,20050C to on the order of 4800200. In addition to this, in
the second pressing step, the plate glass 26 continues to be pressed, and thus, the fluidity of the plate
glass 26 is also lowered with time. In particular, when the plate glass 26 continues to be pressed until
the temperature is equal to or lower than a temperature which is 10C higher than the strain point of the
glass material forming the plate glass 26, the fluidity of the plate glass 26 is almost completely lost.
Inconsequence, in the second pressing step, as the temperature is significantly lowered in this way,
heat shrinkage of the plate glass 26 in the diameter direction progresses. On the other hand, in the
second pressing step, the press-molding surfaces 52A and 62A which are in contact with both the
surfaces of the plate glass 26 are thought to continue to absorb heat of the plate glass 26 to thermally
expand in an in-plane direction or, by completing absorption of enough heat from the plate glass 26,
stop thermal expansion in the in-plane direction or turn to mild heat shrinkage. [0098]        More
specifically, in the second pressing step, a difference occurs between the extent of the thermal
expansion / heat shrinkage of both the surfaces of the plate glass 26 and that of the press-molding
surfaces 52A and 62A. Therefore, in the second pressing step, force to extend in the diameter
direction of the plate glass 26, that is, force in the direction opposite to the heat shrinkage acts on both
the surfaces of the plate glass 26 which is undergoing the heat shrinkage by the press-molding
surfaces 52A and 62A. However, in the secondpressing step, the fluidity of the plate glass 26 is
significantly lowered as the second pressing step progresses, and thus, if excessive stress acts on the
plate glass 26, brittle fracture in the plate glass 26 is liable to occur. Therefore, if the force in the
direction opposite to the heat shrinkage always continues to act on both the surfaces of the plate glass
26, excessive stress acts on the plate glass 26 in the in-plane direction, which may result in a crack in
the plate glass 26. [0099]         In order to prevent such a crack in the plate glass 26, (1) to use as a
material forming the press molds 50 and 60 a material having the thermal expansion coefficient similar
to that of the glass material forming the plate glass 26, and in addition, (2) in the second pressing step,
to carry out cooling with the temperature of the plate glass 26 and the temperatures of the
press-molding surfaces 52A and 62A being synchronized with each other are thought of. However, the
second pressing step involves the significant temperature change, and thus, in order to carry out the
above-mentioned cooling, it is necessary to cause the cooling speed to be very low. However, in this
case, time necessary for carrying out the second pressing step significantly increases, and thus, there
is a pos sibility that the mass productivity is loweredsignificantly, which is not practical. [0100] 
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[Advantageous Effects of Invention] 

 [0062] 

 According to the first aspect and the third aspect  of the present 

invention, a method of manufacturing a glass blank for a magnetic recording 

medium glass substrate which may produce a glass bl ank excellent in 

flatness, and a method of manufacturing a magnetic recording medium glass 

substrate and a method of manufacturing a magnetic recording medium using 

the same may be provided. 

 [0063] 

 According to the second aspect of the present inve ntion, a method 

of manufacturing a glass blank for a magnetic recor ding medium glass 

substrate which may manufacture a glass blank with smaller thickness 

deviation and flatness even when the glass blank is  manufactured using 

the horizontal direct press, and a method of manufa cturing a magnetic 

recording medium glass substrate, a method of manuf acturing a magnetic 

recording medium, and a apparatus for manufacturing  a glass blank for 

a magnetic recording medium glass substrate using t he method of 

manufacturing a glass blank for a magnetic recordin g medium glass substrate 

may be provided. 

[Brief Description of Drawings] 

 [0064] 

 [FIG. 1] FIG. 1 is a schematic sectional view for illustrating 

a part of the whole steps in one example of a metho d of manufacturing 

a glass blank according to a first embodiment of th e present invention. 

 [FIG. 2] FIG. 2 is a schematic sectional view for illustrating 

another part of the whole steps in the one example of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 3] FIG. 3 is a schematic sectional view for illustrating 

Taking into consideration the points described above, in order to prevent a crack in the plate glass 26
in the second pressing step with more reliability, it is preferred that, in the second pressing step, a
press pressure be reduced with time. In this case, reduction of the press pressure reduces friction
coefficients between both the surfaces of the plate glass 26 and the press-molding surfaces 52A and
62A, respectively. As a result, slippage occurs between both the surfaces of the plate glass 26 and the
press-molding surfaces 52A and 62A, respectively, which facilitates interruption of force which acts on
both the surfaces of the plate glass 26 in the opposite direction to the heat shrinkage and which is a
cause of a crack. The phrase "press pressure is reduced with time " as used herein includes, in the
second pressing step, not only a case in which the press pressure is reduced with time but alsoa case
in which, even if the press pressure is temporarily increased or maintains a fixed value with time, when
change in press pressure with time is approximated by a linear equation, the slope thereof is negative.
Further, the press pressure may be reduced stepwise with time, or may be reduced continuously with
time. [0101]         Note that, when the press pressure is reduced stepwise with time, the press pressure
is preferably reduced when the temperature of the plate glass 26 sandwiched between the first press
mold 50 and the second press mold 60 is lowered to a range of 30C. from the defromation point of the
glass material forming the plate glass 26. This enables more effective suppression of a crack in the
plate glass 26 with relatively simple control of the press pressure. Note that, in this case, from the
viewpoint of accomplishing in balance both the suppression of a crack in the plate glass 26 with
reliability and the suppress ion of deterioration of the flatness, the press pressure is preferably in a
range of on the order of 1% to 10% after the reduction with that before the reduction being 100%.
[0102]         Further, in the second pressing step, instead of reducing the press pressure with time, the
press pressure may be changed in a wavelike manner with time. In this case, for example, the press
pressure may be changed periodically like rectangular waves or sine waves with time. In this case,
when the press pressure reaches the vicinity of a minimum with time, the friction coefficients between
both the surfaces of the plate glass 26 and the press-molding surfaces 52A and 62A, respectively, are
reduced. As a result, slippage occurs between both the surfaces of the plate glass 26 and the
press-molding surfaces 52A and 62A, respectively, which facilitates interruption of force which acts on
both the surfaces of the plate glass 26 in the opposite direction to the heat shrinkage and which is a
cause of a crack. [0103]         Note that, in the second pressing step, heat shrinkage of the plate glass
26 occurs not only in the diameter direction but also in a thickness direction although the amount
thereof is small. Therefore, during the second pressing step, there are some cases in which a small
gap is formed between the press-molding surfaces 52A and 62A and the plate glass 26, respectively.
In this case, when a gap is formed, compared with a case in which the press-molding surface 52A and
the press-molding surface 62A are in intimate contact with the plate glass 26 without a gap, the heat
conduction efficiency between the two members is lowered. As a result, a temperature distribution
between both the surfaces of the plate glass 26 or within the surfaces is liable to occur. Such a
temperature distribution causes a viscosity distribution (nonuniform fluidity) in the plate glass 26, and
thus, warpage of the plate glass 26 is liable to occur and the flatness of the obtained glass blank is
liable to be deteriorated. [0104]         Taking into consideration the points described above, it is
preferred that, during the second pressing step, one surface of the plate glass 26 and the
press-molding surface 52A of the first press mold 50 be always in intimate contact with each other
without a gap and the other surface of the plate glass 26 and the press-molding surface 62A of the
second press mold 60 be always in intimate contact with each other without a gap. In this case, as the
pair of press molds, press molds having the press-molding surfaces which are excellent in followability
to the heat shrinkage of the plate glass 26 in the thickness direction may be used. As such press
molds, specifically, press molds of the guide-memberless type formed of the press mold bodies 52 and
62 which are formed by removing the guide members 54 and 64 from the press molds 50 and 60,
respectively, or the press molds 50 and 60 of the separate type in which the press mold bodies 52 and
62 and the guide members 54 and 64 are formed as separate members, respectively, may be used.
Note that, when the press molds 50 and 60 of the separate type are used, in the second pressing step,
by pressing only the press mold body 52 in the direction of the arrow X1 and pressing only the press
mold body 62 in the direction of the arrow X2, the press pressure is applied to the plate glass 26.
[0105] 
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one example of a falling molten glass gob. 

 [FIG. 4] FIG. 4 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 5] FIG. 5 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 6] FIG. 6 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 7] FIG. 7 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 8] FIG. 8 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 9] FIG. 9 is a schematic sectional view for illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the first embodiment of the 

present invention. 

 [FIG. 10] FIG. 10 is a schematic sectional view fo r illustrating 

one example of a press mold used in the method of m anufacturing a glass 

blank according to the first embodiment of the pres ent invention. 

 [0065] 

-Taking Out Step-         After the second pressing step is carried out, the taking out step is carried out
in which the first press mold 50 and the second press mold 60 are moved away from each other and
the plate glass 26 sandwiched between the first press mold 50 and the second press mold 60 is taken
out. The taking out step may be carried out as, for example, described in the following. First, as
illustrated in FIG. 8, the first press mold 50 is moved in the direction of the arrow X2 and the second
press mold 60 is moved in the direction of the arrow X1 so that the first press mold 50 and the second
press mold 60 are moved away from each other. This releases the press-molding surface 62A from
the plate glass 26. Next, as illustrated in FIG. 9, the plate glass 26 is released from the press-molding
surface 52A, and the plate glass 26 is caused to fall to the downward Y1 side in the vertical direction
and is taken out. Note that, when the plate glass 26 is released from the press-molding surface 52A,
by applying force from an outer peripheral direction of the plate glass 26, the plate glass 26 may be
released as if the plate glass 26 is stripped off. In this case, the plate glass 26 may be taken out
without applying great force thereto. Note that, in taking out the plate glass 26, the plate glass 26 may
be released from the press-molding surface 62A after the plate glass 26 is released from the
press-molding surface 52A. Finally, the plate glass 26 which is taken out is annealed as necessary to
reduce or remove strain thereon, and a base material from which the magnetic recording medium
glass substrate is formed, that is, the glass blank, is obtained. [0106] -Glass Blank-         With regard to
the glass blank obtained by the method of manufacturing a glass blank according to the first
embodiment described above, the flatness may be caused to be 10 pm or less (within 10 pm), and it is
extremely easy to even cause the flatness to be 4 pm or less (within 4 pm) . Note that, from the
viewpoint of eliminating or shortening downstream steps such as a lapping step which are carried out
mainly for the purpose of improving the flatness, the flatness is preferably 4 pm or less(within 4 pm) .
[0107]         Note that, the method of manufacturing a glass blank according to the first embodiment is
suitable for manufacturing a thinner glass blank having good flatness. Specifically, the method is
suitable for manufacturing a glass blank having a thickness of 2 mm or less and a flatness of 10 pm or
less (within 10 pm). The thickness is more preferably 1.5 mm or less, still more preferably 1.2 mm or
less, yet more preferably 1.0 mm or less. [0108] -Press Mold-         It is preferred to use a metal or an
alloy as a material for forming each of the press molds 50 and 60 in view of heat resistance,
workability, and durability. In this case, in view of the temperature of molten glass, the heat resistant
temperature of the metal or alloy for forming each of the press molds 50 and 60 is preferably 1,000C
or more, more preferably 1,100C or more. Specific examples of the material for forming each of the
press molds 50 and 60 preferably include ferrum casting ductile (FCD), alloy tool steel ( such as
SKD61) , high-speed steel (SKH), cemented carbide, Colmonoy, and Stellite. Note that, it may be
possible to control the press molding by cooling the press molds 50 and 60 by using a cooling medium
such as water or air so that the temperatures of the press molds 50 and 60 do not rise. Further, for the
purpose of causing the temperature distribution within the press-molding surfaces 52A and 62A to be
uniform, the cooling medium may be used to cool the vicinity of the central portions of the
press-molding surfaces 52A and 62A and/or a heating member such as a heater may be placed on
outer peripheral sides of the press molds 50 and 60 to heat the outer edge sides of the press-molding
surfaces 52A and 62A. 
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 [FIG. 11] FIG. 11 is a schematic sectional view fo r illustrating 

a part of the whole steps in one example of a metho d of manufacturing 

a glass blank according to a second embodiment of t he present invention. 

 [FIG. 12] FIG. 12 is a schematic sectional view fo r illustrating 

another part of the whole steps in the one example of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 13] FIG. 13 is a schematic sectional view fo r illustrating 

one example of a falling molten glass gob. 

 [FIG. 14] FIG. 14 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 15] FIG. 15 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 16] FIG. 16 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 17] FIG. 17 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 18] FIG. 18 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

[0109]         Further, regions (molten glass stretching regions Si and 32) in contact with at least the
plate glass 26 of the press-molding surfaces 52A and 62A of the first press mold 50 and the second
press mold 60, respectively, may be surfaces having formed thereon as significant an irregular portion
as, for example, a convex portion for forming in the surfaces of the glass blank a V-shaped groove or
the like having the depth on the order of 1/3 to 1/4 of the thickness thereof, but, usually, it is preferred
that the regions be substantially flat surfaces. Note that, the whole of the press-molding surfaces 52A
and 62A may be substantially flat surfaces. A reason for this is that, when a large V-shaped groove is
formed in the glass blank, a crack defect which is assumed to be due to stress concentration on the
V-shaped groove portion is liable tobe caused. Inadditionto this, whena significantly irregular portion is
formed in the molten glass stretching regions 31 and 32, heat shrinkage of the plate glass 26 in the
diameter direction in the second pressing step is prevented. Therefore, excessive stress is produced in
the plate glass 26 in the in-plane direction, which causes the plate glass 26 to be liable to be cracked.
[0110]         Here, the term "substantially flat surface" not only means a usual flat surface whose
curvature is substantially zero, but also means a surface having such a very small curvature that a
slightly convex surface or a slightly concave surface is formed. Further, it is naturally allowed for the
"substantially flat surface" to have minute irregularities which are formed when usual flattening
processing, usual mirror polishing processing, or the like is applied at the time of manufacturing press
molds, and it is also acceptable for the " substantially flat surface " to have convex portions and/or
concave portions larger than the minute irregularities, if necessary. [0111]         Here, it is allowed for
the convex portion larger than the minute irregularity to include a substantially point-shaped convex
portion and/or a substantially linear-shaped convex portion each having such a height of 20 pm or less
that those portions have a slight chance of bringing about the deterioration of flow resistance and
promoting the partial cooling of a molten glass gob. Note that, the height is preferably 10 pm or less,
more preferably 5 pm or less. Further, when the convex portion larger than the minute irregularity is a
trapezoid-shaped convex portion having a minimum width in top surface on the order of several
millimeters or more, or a dome-shaped convex portion having nearly the same height and size as the
trapezoid-shaped convex portion instead of the substantially point-shaped convex portion and
substantially linear-shaped convex portion, the above-mentioned chance of bringing about the
deterioration of flow resistance and promoting the partial cooling of a molten glass gob becomes
smaller, and hence the convex portion is allowed to have a height of 50 pm or less. Note that, the
height is preferably 30 pm or less, more preferably 10 pm or less. Further, from the viewpoint of
suppressing the occurrence of a crack due to stress concentration at the intersection part between the
bottom surface and a side surface of the trapezoid-shaped convex portion, it is preferred that the side
surface of the trapezoid-shaped convex portion be a flat surface having an angle of slope of 0.5 or less
with respect to the top surface, or be a curved surface created by modifying the flat surface to a
concave surface. Note that, the angle is more preferably 0.1 or less. [0112] Further, it is allowed for the
concave portion larger than the 56 minute irregularity to include a substantially point-shaped concave
portion and/or a substantially linear-shaped concave portion each having a depth of 20 pm or less, in
order that, for example, the deterioration of the flowability of molten glass flowing into the concave
portion at the time of press molding is not brought about. Note that, the depth is preferably 10 pm or
less, more preferably 5 pm or less. Further, when the concave portion larger than the minute
irregularity is an inverted trapezoid-shaped concave portion having a minimum width in top surface on
the order of several millimeters or more, or an inverted dome-shaped concave portion having nearly
the same depth and size as the inverted trapezoid-shaped concave portion instead of the substantially
point-shaped concave portion and substantially linear-shaped concave portion, the above-mentioned
chance of bringing about the deterioration of the flowability becomes smaller, and hence the concave
portion is allowed to have a depth of 50 pm or less. Note that, the depth is preferably 30 pm or less,
more preferably 10 pm or less. Further, from the viewpoint of suppressing the occurrence of a crack
due to stress concentration at the intersection part between the bottom surface and a side surface of
the trapezoid-shaped convex portion, it is preferred that the side surface of the trapezoid-shaped
convex portion be a flat surface having an angle of slope of 0.5 or less with respect to the bottom
surface, or be a curved surface created by modifying the flat surface to a concave surface. Note that,
the angle is more preferably 0.1 or less. [0113] 
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 [FIG. 19] FIG. 19 is a schematic sectional view fo r illustrating 

a further part of the whole steps in the one exampl e of the method of 

manufacturing a glass blank according to the second  embodiment of the 

present invention. 

 [FIG. 20] FIG. 20 is a schematic sectional view fo r illustrating 

one example of a more specific structure of a press  mold used in the 

method of manufacturing a glass blank according to the second embodiment 

of the present invention. 

 [FIG. 21] FIG. 21 is a schematic sectional view il lustrating another 

example of the press mold used in the method of man ufacturing a glass 

blank according to the second embodiment of the pre sent invention. 

 [FIG. 22] FIG. 22 is a schematic sectional view of  a press mold 

used in Comparative Example A1. 

 [FIG. 23] FIG. 23 is a schematic sectional view of  a press mold 

used in Comparative Example A2. 

 [Modes for Carrying out the Invention] 

 [0066] 

<First Embodiment> 

(Method of Manufacturing Glass Blank for Magnetic R ecording Medium Glass 

Substrate) 

 According to a first embodiment of the present inv ention, there 

is provided a method of manufacturing a glass blank  for a magnetic recording 

medium glass substrate (hereinafter, sometimes abbr eviated to as "method 

of manufacturing a glass blank"), including at leas t: a first pressing 

step of pressing a falling molten glass gob with a first press mold and 

a second press mold placed so as to be opposed to e ach other in a direction 

crossing a direction in which the molten glass gob falls to form the 

falling molten glass gob into a plate shape; a seco nd pressing step of 

continuing to press, with the first press mold and the second press mold, 

In the method of manufacturing a glass blank according to the first embodiment of the present
invention, as the press molds, as already described, (1) press molds of the guide-memberless type, (2)
the press molds 50 and 60 of the integral type in which the press mold bodies 52 and 62 and the guide
members 54 and 64 are integrally formed, respectively, (3) the press molds 50 and 60 of the separate
type in which the press mold bodies 52 and 62 and the guide members 54 and 64 are formed as
separate members, respectively, or the like may be used. From the viewpoint of accomplishing both
the excellent flatness and the smaller thickness deviation in the most balanced way, it is most
preferred that, among these three kinds of press molds, the press molds 50 and 60 of the separate
type be used. [0114]         Here, it is preferred that, as the press molds 50 and 60 of the separate type,
specifically, ones having a structure described below be used. That is, it is preferred that the press
mold 50 (or the press mold 60) of the separate type at least include the press mold body 52 having the
press-molding surface 52A substantially perpendicular to the horizontal direction, the guide member
54 having at least the function of maintaining a substantially fixed distance between the press-molding
surfaces 52A and 62A of the pair of press molds 50 and 60, respectively, in the press molding, by,
when pushed to the side of the other press mold 60 which is placed so as to be opposed to the
press-molding surface 52A, being brought into contact with a part of the other press mold 60, a first
pushing member for pushing at the same time the press mold body 52 and the guide member 54 in a
direction substantially perpendicular to the press-molding surface 52A and to the other press mold 60
side, and a second pushing member for, after the first pushing member brings the guide member 54
and a part of the other press mold 60 into contact with each other, pushing the press mold body 5 2 in
a direction substantially perpendicular to the press-molding surface 52A and to the press mold 60 side.
[0115] FIG. 10 is a schematic sectional view for illustrating one example of the press mold used in the
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
the first embodiment of the present invention, and more specifically, a view for illustrating one example
of the press molds 50 and 60 of the separate type. In FIG. 10, like reference numerals are used to
designate members similar to those Illustrated in FIG. 4 to FIG. 9. Further, a press mold 503 Illustrated
in FIG. 10 is a corresponding to the press mold 50, but a similar structure may be adopted in the press
mold 60. Here, a principal part of the press mold 503 Includes the press mold body 52, the guide
member 54, a first pushing member 56, and a second pushing member 58. Central axis of the
members are coincident (dot-and-dash line X in the figure), and the central axis are substantially
coincident with the horizontal direction. [0116]          Here, the press mold body 52 is formed of a
circular cylinder having one end surface that forms the circular press-molding surface 52A. Note that,
the shape of the press mold body 52 is a circular cylinder in the example illustrated in FIG. 10, but the
shape is not specifically limited Insofar as the shape is substantially columnar. In the example
Illustrated in FIG. 10, the press-molding surface 52A is a substantially flat surface. [0117]          The
guide member 54 is a hollow circular cylinder, which has a length in an axial direction X that is longer
than the length in the axial direction X of the press mold body 52 which is a circular cylinder, which
houses the press mold body 52 in an inner peripheral side, and which has one end face (guide surface
54A) that is brought into contact with the guide member of the other press mold (not shown in the
figure) when pushed by the first pushing member 56. Here, the difference between the length of the
guide member 54 and the length of the press mold body 52 in the axial direction X, in other words, a
height difference H between the guide surface 54A and the press-molding surface 52A in the axial
direction X, corresponds to a length which is approximately a half of the thickness of the glass blank to
be produced. Note that, the shape of the guide member 54 is a hollow circular cylinder, but the shape
is not specifically limited insofar as the shape is hollow columnar. 
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plate glass formed between the first press mold and  the second press 

mold; and a taking out step of, after the second pr essing step, moving 

the first press mold and the second press mold away  from each other and 

taking out the plate glass sandwiched between the f irst press mold and 

the second press mold, in which: at least during a period in which the 

first pressing step and the second pressing step ar e carried out, the 

temperature of a press-molding surface of the first  press mold and the 

temperature of a press-molding surface of the secon d press mold are 

substantially the same; in the first pressing step,  the molten glass 

gob is pressed after the press-molding surface of t he first press mold 

and the press-molding surface of the second press m old are brought into 

contact with the molten glass gob substantially at the same time; and 

the duration time of the second pressing step is co ntrolled so that the 

flatness of the glass blank is 10 µm or less(within 10 µm).  The "magnetic 

recording medium glass substrate" as used herein me ans a glass substrate 

for a magnetic recording medium formed of amorphous  glass. 

 [0067] 

 In the method of manufacturing a glass blank accor ding to the first 

embodiment, in the first pressing step, similarly t o a case of a 

conventional press method, a molten glass gob which  has the temperature 

that is sufficiently higher than a strain point of a glass material and 

which is held in an easily deformable state is pres sed to be formed into 

a plate shape.  Here, the molten glass gob is press ed after the 

press-molding surface of the first press mold and t he press-molding surface 

of the second press mold are brought into contact w ith the molten glass 

gob substantially at the same time.  In addition to  this, during a period 

in which the first pressing step and the second pre ssing step are carried 

out, the temperature of the press-molding surface o f the first press 

mold and the temperature of the press-molding surfa ce of the second press 

[0118]         The first pushing member 56 is formed of a disk-like member. Here, one surface (pushing
surface 56A) of the disk-like first pushing member 56 is a flat surface which is in contact with the other
end surface (pushed surface 52E) of the press mold body 52 and with the other end surface (pushed
surface 54E) of the guide member 54. Further, a through hole 56H which passes through the first
pushing member 56 in the thickness direction is provided in a part of a region which is opposed to the
pushed surface 52E of the press mold body 52. Note that, a surface 56E which is opposite to the
pushing surface 56A is connected to a first drive (not shown). Therefore, in the press molding, by the
first drive, the press mold body 52 and the guide member 54 may be pushed at the same time via the
first pushing member 56 in the axial direction X illustrated in the figure from the side on which the first
pushing member 56 is placed to the side on which the press mold body 52 and the guide member 54
are placed. [0119]         Note that, in the example illustrated in FIG. 10, the shape of the first pushing
member 56 is a disk, but the shape is not specifically limited insofar as the shape is substantially
plate-like. Further, the through hole 56H is provided as a hole having a circular opening along the
central axis X of the press mold body 52 and the first pushing member 56, but an arbitrary number of
the through holes 56H may be provided at arbitrary positions in the first pushing member 56 insofar as
the positions are in a part of the region which is opposed to the pushed surface 52B of the press mold
body 52. Further, the shape of the opening of the through hole 56H may be appropriately selected as
well. However, it is particularly preferred that the through hole(s) 56H be provided so as to have point
symmetry with respect to the central axis X of the press mold body 52. [0120]         The second
pushing member 58 is formed of a rod-like member which is placed within the through hole 56H and is
connected to the pushed surface 52E side of the press mold body 52. Note that, the shape of the
second pushing member 58 is a circular cylindrical rod in the example illustrated in FIG. 10, but the
shape s not specifically limited insofar as the second pushing member 58 may move the press mold
body 52 in the axial direction X. Note that, an end of the second pushing member 58 which is opposite
to an end thereof connected to the pushed surface 52E side is connected to a second drive (not
shown). Therefore, in the press molding, by the second drive, only the press mold body 52 may be
pushed via the second pushing member 58 along the axis direction X from the side on which the
second pushing member 58 is placed to the side on which the press mold body 52 is placed. [0121]
-Glass Material-         The glass material used in the method of manufacturing a glass blank according
to the first embodiment of the present invention is not specifically limited insofar as the glass material
has physical properties suitable for a magnetic recording medium glass substrate, in particular, a high
thermal expansion coefficient, further, high stiffness, or heat resistance and the like, and, at the same
time, the glass material may be easily press-molded into a plate shape by the horizontal direct press. It
is desired that the thermal expansion coefficient be similar to the thermal expansion coefficient of a
holder for holding the magnetic recording medium. More specifically, the average linear expansion
coefficient at 100 to 300C is preferably 70x1077/0 or more, more preferably 75x1077/0 or more, still
more preferably 80x1077/0 or more, yet still more preferably 85x1077/0 or more. The upper limit of the
average linear expansion coefficient is not specifically limited, but, practically, is preferably 120x1077/0
or less. For the purpose of reducing deflection which is caused when the magnetic recording medium
rotates at high speed, a glass material having high stiffness is desired. More specifically, the Young's
modulus is preferably 70 GPa or more, more preferably 75 GPa or more, still more preferably 80 GPa
or more, still more preferably 85 GPa or more. The upper limit of the Young's modulus is not
specifically limited, but, practically, is preferably 120 GPa or less. Further, by using a glass material
which is excellent in heat resistance, the substrate may be processed at a high temperature in the
process of manufacturing a magnetic recording medium, and hence, the glass transition temperature
of the glass material is preferably 600C or more, more preferably 610C or more, still more preferably
620C or more, yet still more preferably 630C or more. Note that, the upper limit of the glass transition
temperature is not specifically limited, but, from a practical viewpoint of suppressing temperature rise
in the press molding and the like, is preferably 780C or less. Using a glass material which has a high
thermal expansion coefficient, high stiffness, and heat resistance is effective in obtaining a glass
substrate suitable for a magnetic recording medium having a high recording density. [0122] 
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mold are substantially the same.  Therefore, both s urfaces of the molten 

glass gob which is being formed into a plate shape in the first pressing 

step and both surfaces of the plate glass sandwiche d between the pair 

of press molds in the second pressing step continue  to be cooled always 

symmetrically.  Therefore, compared with a case of vertical direct press 

in which a molten glass gob in a state of having a viscosity distribution 

due to contact with a lower mold for a long time is  press-molded, in 

the method of manufacturing a glass blank according  to the first 

embodiment, almost no temperature difference is cau sed between both the 

surfaces of the plate glass after being press-molde d, and thus, 

deterioration of the flatness due to temperature di fference between both 

the surfaces may be suppressed with reliability. 

 [0068] 

 On the other hand, the plate glass immediately aft er the first 

pressing step is completed is at a high temperature  and has high fluidity 

(low viscosity).  Therefore, the plate glass is in a quite easily 

deformable state, and thus, in a state of being lia ble to deteriorate 

in flatness.  However, in the second pressing step which is carried out 

subsequently to the first pressing step, the plate glass formed between 

the first press mold and the second press mold cont inues to be pressed 

with the first press mold and the second press mold .  Here, the duration 

time of the second pressing step is controlled so t hat the flatness of 

the glass blank is 10 µm or less(within 10 µm).  Note that, the duration 

time of the second pressing step is preferably cont rolled so that the 

flatness of the glass blank is 4 µm or less(within 4 µm).  In consequence, 

the flatness of the produced glass blank may be imp roved.  Note that, 

if the duration time of the second pressing step is  short, strain due 

to disturbance is caused in the plate glass in the process of being cooled, 

and the strain deteriorates the flatness of the gla ss blank.  Therefore, 

As the composition of the glass material, a composition which may easily materialize physical
properties suitable for a magnetic recording medium glass substrate may be appropriately selected,
and for example, a glass composition of a conventional glass material for the vertical direct press may
be appropriately selected, but it is preferred that aluminosilicate glass be selected. Note that, a
composition of aluminosilicate glass described below is particularly preferred, because all of heat
resistance, high stiffness, and a high thermal expansion coefficient maybe easily accomplished in a
well-balanced way. That is, it is preferred that the glass composition of the glass (hereinafter, referred
to as "Glass Composition 1"), expressed in mol%, includes 50 to 75% of 3i02, 0 to 5% of Al202, 0 to
3% of Li20, 0 to 5% of ZnO, 3 to 15% in total of at least one kind of component selected from Na20
and K20, 14 to 35% in total of at least one kind of component selected from MgO, Ca, Sr0, and Ba0,
and 2 to 9% in total of at least one kind of component selected from Zr02, 1102, La202, Y202, Yb202,
Ta205, Nb205, and Hf02, and the molar ratio ((Mg0+Ca0)/(Mg0+Ca0+Sr0+Ba0)} be in the range of 0.8
to 1 and the molar ratio (P51202/(Mg0+Ca0)} be in the range of 0 to 0.30. [0123]         A preferred
range of the average linear expansion coefficient of Glass Composition 1 at 100 to 300C is 70x10-7/0
or larger, a preferred range of the glass transition temperature is 630C or higher, and a preferred
range of the Young's modulus is 80 GPa or larger. Glass Composition 1 is suitable as a material of a
magnetic recording medium glass substrate of an energy-assisted method using a high Ku magnetic
material. [0124]         As a glass material which has a high thermal expansion coefficient, which is
excellent in acid resistance and alkali resistance, which reduces the amount of alkaline elution from a
surface of the substrate, and which is suitable for chemical strengthening, one having the following
glass composition (hereinafter, referred to as "Glass Composition 2") may be presented. That is, Glass
Composition 2, expressed in mol%, includes 70 to 85% in total of 5i02 and Al203, provided that the
content of 3i02 is 50% or more and the content of Al203 is 3% or more, 



 31

the duration time of the second pressing step is ch anged, the flatness 

of the obtained glass blank is measured, and based on the result, the 

duration time of the second pressing step is set so  that the flatness 

is 10 µm or less(within 10 µm) and the glass blank is manufactured.  

However, if the duration time of the second pressin g step is too long, 

the productivity is reduced.  It follows that the d uration time of the 

second pressing step should be set taking into cons ideration the flatness 

of the glass blank and the productivity.  From thes e viewpoints, 

specifically, it is preferred that the duration tim e of the second pressing 

step be in a range of 2 to 40 seconds, and it is mo re preferred that 

the duration time of the second pressing step be in  a range of 2 to 30 

seconds. 

 [0069] 

 Further, in order to control the flatness of the g lass blank to 

be 10 µm or less (within 10 µm), in the second pressing step, it is 

particularly preferred that the duration time of th e second pressing 

step be selected so that the plate glass continues to be pressed until 

the temperature reaches a range in which the fluidi ty of the plate glass 

is lost and deformation thereof becomes impossible in effect.  In this 

case, with a state in which the deformation of the plate glass immediately 

after the completion of the first pressing step is suppressed being 

maintained, the plate glass may be solidified.  In consequence, a more 

excellent flatness of the produced glass blank may be obtained.  Here, 

the duration time of the second pressing step is pr eferably selected 

so that the temperature of the plate glass when the  second pressing step 

is completed is equal to or lower than a temperatur e which is 10°C higher 

than the strain point of the glass material forming  the plate glass, 

more preferably selected so that the temperature is  equal to or lower 

than a temperature which is 5°C higher than the str ain point, still more 

10% or more in total of Li20, Na20, and K20, 1 to 6% in total of MgO and Ca, provided that the content
of Ca is higher than the content of MgO, and more than 0% and 4% or less in total of Zr02, Ti02,
La203, Y203, Yb203, Ta205, Nb205, and Hf02. [0125] (Method of Manufacturing Magnetic Recording
Medium Glass Substrate)          The method of manufacturing a magnetic recording medium glass
substrate according to the first embodiment of the present invention is characterized in that a magnetic
recording medium glass substrate is manufactured by at least going through a polishing step of
polishing the main surfaces of a glass blank produced by the method of manufacturing a glass blank
according to the first embodiment of the present invention. Hereinafter, specific examples of steps
involved in the processing of a glass blank into a magnetic recording medium glass substrate are
described in more detail. [0126] First, scribing is performed on a glass blank obtained by carrying  out
the press molding. The scribing refers to providing cutting lines (line-like flaws) like two concentric
circles (inner concentric circle and outer concentric circle) with a scriber made of cemented carbide or
formed of diamond particles on a surface of a molded glass blank, in order to process the molded
glass blank into a ring shape having a predetermined size. The glass blank having scribed thereon the
two concentric circles is partially heated, and the outside portion of the outer concentric circle and the
inside portion of the inner concentric circle are removed by virtue of the difference in thermal
expansion of glass, thereby yielding a disk-shaped glass having a perfect circle shape . Note that, in a
state of a glass blank, when the size of the outer diameter is substantially the same as the outer
diameter of a final magnetic recording medium glass substrate (glass substrate for magnetic disk)
(when the size may be corrected by end surface polishing described below alone), a central portion
serving as a circular hole may be subjected to coring instead of the scribing step. [0127]         When
scribe processing is carried out, if the roughness of the main surfaces of the glass blank is 1 pm or
less, cutting lines can be suitably provided by using a scriber. Note that, in the case where the
roughness of the main surfaces of the glass blank exceeds 1 pm, a scriber does not follow the
irregularities of the surface and it may become difficult to provide cutting lines uniformly. In this case,
after the main surfaces of the glass blank are made smooth, scribing is performed. 
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preferably selected so that the temperature is equa l to or lower than 

the strain point.  On the other hand, the lower lim it of the temperature 

of the plate glass when the second pressing step is  completed is not 

specifically limited, but, from the viewpoint of su ppressing reduction 

of the productivity due to prolonged time necessary  for carrying out 

the second pressing step, practically, it is prefer red that the lower 

limit be equal to or higher than the strain point.  Therefore, it is 

preferred that the upper limit of the duration time  of the second pressing 

step be also selected from this viewpoint. 

 [0070] 

 In the method of manufacturing a glass blank accor ding to the first 

embodiment, at least during the period in which the  first pressing step 

and the second pressing step are carried out, the t emperature of the 

press-molding surface of the first press mold and t he temperature of 

the press-molding surface of the second press mold need to be substantially 

the same.  "Substantially the same" as used herein means that the absolute 

value of the difference between the temperature of the press-molding 

surface of the first press mold and the temperature  of the press-molding 

surface of the second press mold is 10°C or less.  The absolute value 

of the temperature difference is more preferably 5° C or less, most 

preferably equal to 0°C.  Here, when a temperature distribution exists 

within a press-molding surface, the "temperature of  the press-molding 

surface" means the temperature of the vicinity of a  central portion of 

the press-molding surface.  Note that, for the sake  of reference, in the 

vertical direct press method, the absolute value of  the difference between 

the temperature of a press-molding surface of an up per mold and the 

temperature of a press-molding surface of a lower m old when a molten 

glass gob is being press-molded is, depending on th e conditions of the 

press molding, generally on the order of 50°C to 10 0°C. 

[0128]         Next, the scribed glass undergoes shape processing. The shape processing includes
chamfering (chamfering of outer peripheral end portion and inner peripheral end portion). In the
chamfering, the outer peripheral end portion and inner peripheral end portion of the ring-shaped glass
are chamfered with a diamond grinding stone. [0129]         Next, the disk-shaped glass undergoes end
surface polishing. In the end surface polishing, the inner peripheral side end surface and outer
peripheral side end surface of the glass undergo mirror finish by brush polishing. In this case, there is
used a slurry including fine particles of cerium oxide or the like as free abrasive grains. The end
surface polishing removes contamination caused by attachment of dust or the like and impair such as
damage or flaws on or in the end surfaces of the glass. As a result, precipitation of ions of sodium,
potassium, and the like causing corrosion can be prevented from occurring. [0130]         Next, first
polishing is carried out on the main surfaces of the disk-shaped glass. The purpose of the first
polishing is to remove flaws and strain remaining in the main surfaces. A machining allowance
removed by the first polishing is, for example, several pm to about 10 pm. As a grinding step involving
a large amount of a machining allowance is not required to be performed, flaws, strain, and the like,
which are caused by the grinding step, are not generated in the glass. Thus, the first polishing step
involves a small amount of a machining allowance. [0131]         In the first polishing step and the
second polishing step described below, a double-side polishing apparatus is used. The double-side
polishing apparatus is an apparatus for carrying out polishing with polishing pads by relatively moving
a disk-shaped glass and the polishing pads. The double-side polishing apparatus includes a polishing
carrier fitting portion having an internal gear and a sun gear which are each rotationally driven at a
predetermined rotation rate and also includes an upper surface plate and a lower surface plate which
are rotationally driven in opposite directions to each other with the polishing carrier fitting portion being
sandwiched by both the plates. On each surface facing a disk-shaped glass of the upper surface plate
and lower surface plate, the polishing pads described below are attached. Each polishing carrier fitted
so as to be engaged with each of the internal gear and the sun gear performs a planetary gear motion,
that is, revolves around the sun gear while spinning. [0132]         The each polishing carrier holds a
plurality of disk-shaped glasses. The upper surface plate is movable in the vertical direction and
presses each polishing pad onto the front and back main surfaces of each disk-shaped glass. Then,
while a slurry (polishing liquid) containing polishing abrasive grains (polishing material) is being
supplied, the disk-shaped glass and the polishing pad move relatively owning to the planetary gear
motion of the polishing carrier and the phenomenon that the upper surface plate and the lower surface
plate rotate in opposite directions to each other. As a result, the front and back main surfaces of each
disk-shaped glass is polished. Note that, in the first polishing step, a hard resin polisher, for example,
is used as the polishing pad and cerium oxide abrasive grains, for example, are used as the polishing
material. 
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 [0071] 

 In the first pressing step, the molten glass gob i s pressed after 

the press-molding surface of the first press mold a nd the press-molding 

surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time.  "Brought  into contact 

substantially at the same time" as used herein mean s that the absolute 

value of the temporal difference between a point in  time at which the 

molten glass gob and one of the press-molding surfa ces are brought into 

contact with each other and a point in time at whic h the molten glass 

gob and the other of the press-molding surfaces are  brought into contact 

with each other is 0.1 second or less.  The absolut e value of the temporal 

difference is more preferably 0.05 second or less, most preferably equal 

to 0 seconds.  Note that, for the sake of reference , in the vertical direct 

press method, time taken for the molten glass gob t o, after being brought 

into contact with the press-molding surface of the lower mold, be brought 

into contact with the press-molding surface of the upper mold is, depending 

on the conditions of the press molding, generally o n the order of 1.5 

seconds to 3 seconds. 

 [0072] 

 Note that, even in the conventional vertical direc t press, if, 

after a molten glass gob is formed into plate glass  with an upper mold 

and a lower mold, the plate glass is cooled to a te mperature around the 

strain point with the plate glass being pressed wit h the upper mold and 

the lower mold, significant improvement of the flat ness of the glass 

blank may be expected.  However, in this case, time  required for 

press-molding one glass blank significantly increas es, and thus, 

significant reduction of the productivity is inevit able, which is not 

practical (see paragraph [0009] of Patent Literatur e 1).  Therefore, the 

applicant of the subject application has given up a doption and 

[0133]         Next, the disk-shaped glass after the first polishing is subjected to chemical strengthening.
It is possible touse amolten salt ofpotassium nitrate or the like as a chemical strengthening solution. In
the chemical strengthening, the chemical strengthening solution is heated to, for example, 300C to
400C, and a cleaned glass is pre-heated to, for example, 200C to 300C and then immersed in the
chemical strengthening solution for, for example, 3 hours to 4hours. The immersion is preferably
performed under a state in which a plurality of glasses are contained in a holder so as to be held by
their end surfaces so that both main surfaces of each of the glasses entirely undergo chemical
strengthening. [0134]         Each glass is immersed in the chemical strengthening solution, as
described above, and as a result, sodium ions in the surface layers of the glass are substituted by
potassium ions each having a relatively large ion radius in the chemical strengthening solution,
respectively, forming a compressive stress layer with a thickness of about 50 to 200 pm. Thus, the
glass is strengthened and is provided with good impact resistance.
Notethat,theglasshavingundergonechemicalstrengthening treatment is cleaned. For example, the
glass is cleaned with sulfuric acid and then cleaned with pure water, isopropyl alcohol (IPA), or the
like. [0135]         Next, the glass which has undergone chemical strengthening and has been cleaned
sufficiently is subjected to second polishing. A machining allowance removed by the second polishing
is, for example, about 1 pm. [0136]         The purpose of the second polishing is to finish the main
surfaces like mirror surfaces . In the secondpolishing step, the disk-shapedglass is polished by using a
double-side polishing apparatus as in the first polishing step, but the composition of polishing abrasive
grains contained in a polishing liquid (slurry) to be used and the composition of a polishing pad are
different from those in the first one. In the second polishing step, there are used polishing abrasive
grains each having a smaller diameter and a softer polishing pad compared with those in the first
polishing step. For example, in the second polishing step, a soft foamed resin polisher, for example, is
used as the polishing pad, and finer cerium oxide abrasive grains or colloidal silica than the cerium
oxide abrasive grains used in the first polishing step are, for example, used as the polishing material.
[0137]         The disk-shaped glass polished in the second polishing step is again cleaned. In the
cleaning, a neutral detergent, pure water, or IPA is used. The second polishing yields a glass substrate
for a magnetic disk having a main surface flatness of 4 pm or less(within 4 pm) and amain surface
roughness (Ra) of 0.2 nmor less, for example. After that, various layers such as a magnetic layer are
formed on the glass substrate for a magnetic disk, and a magnetic disk is produced. 
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commercialization of a technology for cooling a pla te glass to a 

temperature around the strain point with the plate glass being pressed 

with the upper mold and the lower mold in the verti cal direct press, 

and, has attempted to accomplish both the productiv ity and the improvement 

of the flatness of a glass blank with various alter native technologies 

such as using an upper mold for cooling as exemplif ied in Patent Literature 

1. 

 [0073] 

 It is thought that, from these circumstances, even  when a glass 

blank is mass-produced using the horizontal direct press which is a press 

method similar to the vertical direct press in that  press molding is 

carried out with a pair of press molds, to move the  first press mold 

and the second press mold away from each other as e arly as possible and 

to take out the plate glass are extremely important , because this 

facilitates an attempt to accomplish, after a molte n glass gob is formed 

into plate glass, both the productivity and the imp rovement of the flatness 

of the glass blank.  Therefore, it is thought that,  when a glass blank 

is mass-produced using the horizontal direct press,  carrying out the 

second pressing step in which, even after a molten glass gob is formed 

into plate glass, the plate glass continues to be p ressed until the 

temperature of the plate glass is equal to or lower  than a temperature 

which is 10°C higher than the strain point just res ults in significant 

reduction of the productivity of the glass blank, w hich is not practical.  

However, intensive study of the inventors of the pr esent invention revealed 

that, in the horizontal direct press, even if the s econd pressing step 

was carried out, reduction of the productivity whic h was significant 

enough to impair the practicability did not occur.  The reason is as 

follows. 

 [0074] 

[0138]         Note that, the chemical strengthening step is carried out between the first polishing step
and the second polishing step, and the order of these steps is not limited to this order. As long as the
second polishing step is carried out after the first polishing step, the chemical strengthening step can
be arbitrarily arranged. For example, the order of the first polishing step, the second polishing step,
and the chemical strengthening step (hereinafter, referred to as "Routing 1" may also be adopted.
Note that, if Routing 1 is adopted, surface irregularities that may be produced by the chemical
strengthening step are not removed, and hence more preferred is the routing of the first polishing step,
the chemical strengthening step, and the second polishing step. [0139]         Note that, in
manufacturing a magnetic recording medium glass substrate, the flatness of the glass blank used in
the processing and the flatness of the produced magnetic recording medium glass substrate may be
caused to be substantially the same. As a flatness required of amagneticrecordingmediumglass
substrate, for example, in recent years, a flatness which is 10 pm or less(within 10 pm) has been
required with regard to a 2.5-inch glass substrate. Such flatness may be easily accomplished by a
glass blank produced by the method of manufacturing a glass blank according to the first embodiment
of the present invention. The "flatness of the glass blank used in the processing and the flatness of the
produced magnetic recording medium glass substrate are substantially the same" as used herein
means that the flatness of the glass blank is 105% or less with the required flatness of the magnetic
recording medium glass substrate (magnetic disk glass substrate) being 100%. [0140]         Note that,
when the flatness of the glass blank used in the processing and the flatness of the produced magnetic
recording medium glass substrate are caused to be substantially the same, a step such as a lapping
step which is carried out with one of the main purposes thereof being to improve the flatness may be
eliminated. [0141] (Method of Manufacturing Magnetic Recording Medium)         A method of
manufacturing a magnetic recording medium according to the first embodiment of the present
invention is characterized in that a magnetic recording medium is manufactured by at least going
through a magnetic recording layer-forming step of forming a magnetic recording layer on a magnetic
recording medium glass substrate produced by the method of manufacturing a magnetic recording
medium glass substrate according to the first embodiment of the present invention. [0142]         A
magnetic recording medium is also called, for example, a magnetic disk or a hard disk, and is suitable
for internal storages (such as fixed disks) for desk top computers, server computers, notebook
computers, 
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 First, in the vertical direct press, after the mol ten glass gob 

is placed in the lower mold, press molding is carri ed out.  Therefore, 

the molten glass gob having a wide temperature dist ribution (viscosity 

distribution) caused by the contact with the lower mold for a long time 

is required to be press-molded with the upper mold and the lower mold 

without fail.  On the other hand, in the horizontal  direct press, a falling 

molten glass gob is press-molded with a pair of pre ss molds which sandwich 

the falling molten glass gob.  Therefore, the molte n glass gob does not 

continue to be in contact with one press mold befor e the start of the 

press molding.  As a result, the temperature distri bution (viscosity 

distribution) of the molten glass gob at the time o f the start of the 

press molding is extremely uniform.  Therefore, in order to stretch evenly 

and thinly molten glass gobs by press molding to pr oduce glass blanks 

having similar thicknesses by the horizontal direct  press and the vertical 

direct press, respectively, the average temperature  of the molten glass 

gob in the vertical direct press is required to be set to be higher than 

that in the horizontal direct press taking into con sideration the 

temperature distribution of the molten glass gob.  Therefore, the 

difference between the average temperature of the m olten glass gob and 

the strain point at the time of the start of the pr ess molding in the 

vertical direct press is larger than that in the ho rizontal direct press.  

This fact (first fact) means that, in order to cool  a molten glass gob 

which is formed into a plate shape to a temperature  around the strain 

point, if the cooling speeds of the molten glass go b and the plate glass 

are the same in the press method of the horizontal direct press and in 

the press method of the vertical direct press, the cooling may be carried 

out in a shorter time in the horizontal direct pres s than in the vertical 

direct press. 

 [0075] 

mobile computers, and the like, internal storages for portable recording and reproducing devices used
for recording and reproducing images and/or sounds, recording and reproducing devices for in-car
audio systems, and the like. [0143]         The magnetic reco rding med ium may have, for example, a
configuration in which at least an adherent layer, an undercoat layer, a magnetic layer (magnetic
recording layer), a protective layer, and a lubricant layer are laminated on the main surface of a
magnetic recording medium glass substrate sequentially, starting from the layer close the main surface
of the magneticrecording medium glass substrate. For example, amagnetic recording medium glass
substrate is introduced into a film-forming apparatus in which pressure is reduced, and each layer from
the adherent layer to the magnetic layer is sequentially formed on the main surface of the magnetic
recording medium glass substrate in an Ar atmosphere by using a DC magnetron sputtering method.
There can be used, for example, CrTi as the adherent layer, and, for example, CrRu as the undercoat
layer. After the above-mentioned film formation, the protective layer is formed with 02H4 gas by using,
for example, a CVD method, and then, nitriding treatment including introducing nitrogen into the
surface is carried out in the same chamber, thereby being able to form the magnetic recording
medium. After that, for example, polyfluoropolyether (PFPE) is applied on the protective layer by a dip
coating method, thereby being able to form the lubricant layer. [0144]         The size of the magnetic
recording medium is not specifically limited. However, themagneticrecordingmediumglass substrate is
formed of a glass material which is excellent in impact resistance, and hence, it is suitable that the size
is 2.5 inch or less which is conveniently portable and highly likely to be exposed to impact from the
outside. [0145] <Second Embodiment> (Method of Manufacturing Glass Blank for Magnetic Recording
Medium Glass Substrate and Manufacturing Apparatus Using the Same)         In a method of
manufacturing a glass blank for a magnetic recording medium glass substrate (hereinafter, sometimes
abbreviated as "method of manufacturing a glass blank") according to a second embodiment, there is
manufactured a glass blank for a magnetic recording medium glass substrate (hereinafter, sometimes
abbreviated as "glass blank") at least through a press-molding step of press-molding a falling molten
glass gob with a first press mold and a second press mold placed so as to be opposed to each other in
a direction crossing a direction in which the molten glass gob falls. [0146]         Here, at least the first
press mold at least includes a press mold body having a press-molding surface, and a guide member
having at least the function of maintaining a substantially fixed distance between the press-molding
surfaces of the first press mold and the second press mold in the press molding, by, when pushed to
the side of a press mold which is placed so as to be opposed to the press-molding surface, being
brought into contact with a part of the press mold which is placed so as to be opposed to the
press-molding surface. [0147] 
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 Suppose that the heat capacity of the press mold i s similar 

irrespective of the press method.  Then, the coolin g speeds of the molten 

glass gob and the plate glass are determined by the  temperature of the 

pair of press molds which are brought into contact with the molten glass 

gob.  More specifically, at the time of the start o f the press molding, 

the cooling speed is increased when a press mold at  a low temperature 

is used, while the cooling speed is reduced when a press mold at a high 

temperature is used.  Here, in the vertical direct press, the lower mold 

and the molten glass gob are in contact with each o ther for a long time 

until the start of the press molding, and thus, the  lower mold is heated 

by the molten glass gob until the start of the pres s molding.  Therefore, 

in the vertical direct press, the press molding alw ays starts with one 

of the pair of press molds (the lower mold) being a t a higher temperature.  

This fact (second fact) means that it is extremely easy to increase the 

cooling speeds of the molten glass gob and the plat e glass in the horizontal 

direct press compared with the case of the vertical  direct press. 

 [0076] 

 Taking the above-mentioned two facts into consider ation, it is 

clear that the time necessary for cooling the tempe rature of the molten 

glass gob which is formed into a plate shape to a t emperature around 

the strain point may be more significantly reduced in the horizontal 

direct press than in the vertical direct press.  Th erefore, in the 

horizontal direct press, even if the second pressin g step is carried 

out, reduction of the productivity which is signifi cant enough to impair 

the practicality as in the vertical direct press do es not occur. 

 [0077] 

 The method of manufacturing a glass blank accordin g to the first 

embodiment described above is not specifically limi ted insofar as at 

least the first pressing step, the second pressing step, and the taking 

Further, the press-molding step includes a first step of forming a molten glass gob into plate glass by
bringing the first press mold and the second press mold closer together until the guide member of the
first press mold and the second press mold are in contact with each other, and a second step of
continuing to press, with the press mold body of the first press mold and the second press mold, plate
glass with the guide member of the first press mold and the second press mold being in contact with
each other. [0148]         Here, in the first step of the press-molding step, the first press mold and the
second press mold are brought closer together. Therefore, the molten glass gob is press-molded with
the first press mold and the second press mold into plate glass. Further, by bringing the first press
mold and the second press mold closer together, the guide member of the first press mold and the
second press mold are brought into contact with each other. Therefore, at this point in time, the
substantially fixed distance is maintained between the press-molding surfaces of the first press mold
and the second press mold. Therefore, the thickness deviation of the plate glass sandwiched between
the press-molding surfaces may be significantly reduced. Thus, as a result, the thickness deviation of
the obtained glass blank may also be significantly reduced. [0149]         However, in the state
immediately after the first step is completed, the plate glass is at a high temperature and has high
fluidity. Therefore, the plate glass is in an easily deformable state. Therefore, if the first press mold and
the second press mold are moved away from each other and the plate glass is taken out immediately
after the first step is completed, both the surfaces of the plate glass are supported by no member, and
thus, the plate glass is easily deformed, which deteriorates the flatness of the produced glass blank.
Inconsequence, it is thought to be preferred that the state in which the guide member of the first press
mold and the second press mold are in contact with each other be maintained for a certain while even
after the first step is completed to support both the surfaces of the plate glass by the press-molding
surfaces, because it is thought that, while deformation of the plate glass may be prevented by
supporting both the surfaces of the plate glass by the press-molding surfaces, deterioration of the
flatness of the glass blank may be suppressed by taking out the plate glass after the plate glass is
cooled to cause the fluidity thereof to be lowered or lost. [0150]         However, the plate glass in
contact with the press-molding surfaces shrinks in the process of losing heat to the press molds to be
cooled. Therefore, if the distance between the press-molding surfaces immediately after the first step
is completed continues to be maintained after that, a gap is formed between the press-molding
surfaces and the plate glass. Therefore, taking the shrinkage of the plate glass also into consideration,
it is difficult that the press-molding surfaces always continue to support both the surfaces of the plate
glass. In consequence, even if the state in which the guide member of the first press mold and the
second press mold are in contact with each other is maintained for a further while after the first step is
completed, it is difficult to suppress the deformation of the plate glass. [0151]         However, in the
second step, the plate glass continues to be pressed by the press mold body of the first press mold
and by the second press mold with the guide member of the first press mold and the second press
mold being in contact with each other. More specifically, the plate glass continues to be pressed with
only the press mold body of the first press mold being brought closer to the press-molding surface of
the second press mold. Therefore, even if the plate glass shrinks in the thickness direction thereof, the
press-molding surfaces continue to be in intimate contact with both the surfaces of the plate glass,
respectively, without a gap, and support both the surfaces of the plate glass. Therefore, as described
above, by cooling the plate glass with both the surfaces of the plate glass being always supported by
the press-molding surfaces and taking out the plate glass after the fluidity thereof is lowered or lost,
deterioration of the flatness of the glass blank may be suppressed with more reliability. 
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out step are included therein, but, usually, it is preferred that a molten 

glass gob forming step be included therein.  The re spective steps 

including the molten glass gob forming step are des cribed in more detail 

in the following.  Note that, in the following desc ription, description 

of points already described above is omitted. 

 [0078] 

-Molten Glass Gob Forming Step- 

 In the molten glass gob forming step, a molten gla ss gob with regard 

to which press molding is carried out is produced.  The method of producing 

the molten glass gob is not specifically limited, b ut, usually, the molten 

glass gob is formed by causing molten glass to fall  from a glass outlet 

and cutting a forward end portion of a molten glass  flow continuously 

flowing out downward in the vertical direction.  No te that, in the cutting 

which is carried out so as to separate from the mol ten glass flow the 

forward end portion thereof, a pair of shear blades  may be used.  The 

viscosity of the molten glass is not specifically l imited insofar as 

the viscosity is appropriate for the cutting of the  forward end portion 

and for the press molding, but, usually, it is pref erred that the viscosity 

be controlled to have a predetermined value in a ra nge of 500 dPa·s to 

1,050 dPa·s. 

 [0079] 

 Next, a specific example of the molten glass gob f orming step is 

described in more detail with reference to the draw ings.  In the molten 

glass gob forming step, as illustrated in FIG. 1, a  molten glass flow 

20 is caused to flow out continuously downward in t he vertical direction 

from a glass outlet 12 provided at the lower end po rtion of a molten 

glass effluent pipe 10 whose upper end portion is c onnected to a molten 

glass supply source (not shown).  On the other hand , at a portion lower 

than the glass outlet 12, a first shear blade (lowe r side blade) 30 and 

[0152]         Further, in the second step, the press-molding surfaces of the press molds formed of solid
members having the heat conductivity higher than that of gas such as air which exists in the gap, and
the plate glass continue to be in intimate contact with each other without a gap, and thus, heat of the
plate glass is efficiently lost to the press molds. Therefore, lowering of the fluidity of the plate glass in
the press molding is more promoted compared with a case in which a gap is formed between the
press-molding surfaces and the plate glass. Therefore, at a point in time at which the plate glass and
the press-molding surfaces are moved away from each other (at a point in time at which the second
step is completed), the fluidity of the plate glass is further lowered and the plate glass is in a state in
which deformation thereof is less liable to occur or impossible to occur. Therefore, also from this
viewpoint, deformation of the plate glass after the press molding is less liable to occur, and the flatness
of the glass blank may be reduced. [0153]         Note that, in the method of manufacturing a glass
blank according to the second embodiment, only the first press mold may at least include the press
mold body and the guide member. In this case, as the second press mold, for example, a press mold
that is a cylinder having one end surface forming a press-molding surface may be used. In this case, in
the first step, the guide member of the first press mold is brought into contact with the press-molding
surface of the second press mold. Then, in the second step, the plate glass continues to be pressed
by the press mold body of the first press mold and by the second press mold with the guide member of
the first press mold and the press-molding surface of the second press mold being in contact with each
other (such a press-molding process is hereinafter sometimes referred to as "first pressingprocess") .
[0154]         Further, in the method of manufacturing a glass blank according to the second
embodiment, each of the first press mold and the second press mold may at least include a press
mold body having a press-molding surface, and a guide member having at least the function of
maintaining a substantially fixed distance between the press-molding surfaces of the first press mold
and the second press mold in the press molding, by, when pushed to the side of a press mold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
press mold which is placed so as to be opposed to the press-molding surface. In this case, the first
step is carried out by bringing the first press mold and the second press mold closer together until the
guide member of the first press mold and the guide member of the second press mold are brought into
contact with each other. Then, the second step is carried out by continuing to press, with the press
mold body of the first press mold and the press mold body of the second press mold, the plate glass
with the guide member of the first press mold and the guide member of the second press mold being
in contact with each other (such apress-moldingprocess is hereinafter sometimes referred to as
"second pressing process"). [0155]         Note that, in carrying out the second step, with regard to the
press molds each of which at least includes the press mold body and the guide member that are used
both in the first pressing process and in the second pressing process, the press mold body and the
guide member particularly preferably have the function of separately moving toward the other press
mold which is placed so as to be opposed to the press mold. [0156]         The method of manufacturing
a glass blank according to the second embodiment may be carried out through any one of the first
pressing process and the second pressing process. However, for the purpose of obtaining a glass
blank having a similar extent of thickness deviation and flatness, from the viewpoint of shortening time
necessary for the press molding, for example, to on the order of 1/3 of the first pressing process, it is
particularly preferred that the method of manufacturing a glass blank according to the second
embodiment be carried out through the second pressing process. The reason for this is that the
structures of the pair of press molds used become more similar to each other or the same in the
second pressing process compared with the case of the first pressing process, and thus, cooling of the
plate glass located between the pair of molds may be carried out more symmetrically from both the
surfaces. 
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a second shear blade (upper side blade) 40 are arra nged at both sides 

of the molten glass flow 20, respectively, in the d irection substantially 

perpendicular to a central axis D, which is the fal ling direction of 

the molten glass flow 20.  The lower side blade 30 and the upper side 

blade 40 move in a direction of an arrow X1 which i s perpendicular to 

the central axis D and which is from a left side to  a right side in the 

figure, and in a direction of an arrow X2 which is perpendicular to the 

central axis D and which is from the right side to the left side in the 

figure, respectively, thereby approaching a forward  end portion 22 side 

of the molten glass flow 20 from both sides of the molten glass flow 

20.  Note that, the viscosity of the molten glass f low 20 is controlled 

by adjusting the temperatures of the molten glass e ffluent pipe 10 and 

the molten glass supply source which is upstream th ereof. 

 [0080] 

 Further, the lower side blade 30 and the upper sid e blade 40 have 

substantially plate-like body portions 32 and 42 an d blade portions 34 

and 44, respectively.  The blade portions 34 and 44  are provided on end 

portion sides of the body portions 32 and 42, respe ctively, and cut the 

forward end portion 22 of the molten glass flow 20 continuously flowing 

out downward in the vertical direction from a direc tion substantially 

perpendicular to the direction in which the molten glass flow 20 falls 

down.  Note that, an upper surface 34U of the blade  portion 34 and a lower 

surface 44B of the blade portion 44 each have a sur face substantially 

coincident with a horizontal plane, and a lower sur face 34B of the blade 

portion 34 and an upper surface 44U of the blade po rtion 44 each have 

a surface that is slanted so as to cross the horizo ntal plane.  Further, 

the lower side blade 30 and the upper side blade 40  are placed so that 

the upper surface 34U of the blade portion 34 and t he lower surface 44B 

of the blade portion 44 are substantially flush wit h each other with 

[0157]         The method of manufacturing a glass blank according to the second embodiment
described above is not specifically limited insofar as at least the press-molding step is included therein,
but, usually, it is preferred that a molten glass gob forming step be included therein. Further, after the
press-molding step, a taking out step of moving the first press mold and the second press mold away
from each other and taking out the plate glass is carried out. The respective steps including the molten
glass gob forming step and the taking out step are described in more detail in the following. Note that,
in the following description, description of points already described above is omitted. [0158] -Molten
Glass Gob Forming Step-         In the molten glass gob forming step, a molten glass gob with regard to
which pressmoldingis carriedout is produced. The me thodofproduci ng the molten glass gob is not
specifically limited, but, usually, the molten glass gob is formed by causing molten glass to fall from a
glass outlet and cutting a forward end portion of a molten glass flow continuously flowing out
downward in the vertical direction. Note that, in the cutting of the forward end portion of the molten
glass flow, a pair of shear blades may be used. Further, the viscosity of the molten glass is not
specifically limited insofar as the viscosity is appropriate for the cutting of the forward end portion and
for the press molding, but, usually, it is preferred that the viscosity be controlled to have a
predetermined value in a range of 500 dPa.s to 1,050 dPa.s. Note that, the viscosity of the molten
glass gob immediately before the press molding is also preferably in the above-mentioned range.
[0159]         Next, a specific example of the molten glass gob forming step is described in more detail
with reference to the drawings. In the molten glass gob forming step, as illustrated in FIG. 11, a molten
glass flow 120 is first caused to flow out continuously downward in the vertical direction from a glass
outlet 112 provided at the lower end portion of a glass effluent pipe 110 whose upper end portion is
connected to a molten glass supply source (not shown). On the other hand, at a portion lower than the
glass outlet 112, a first shear blade (lower side blade) 130 and a second shear blade (upper side
blade) 140 are arranged at both sides of the molten glass flow 120, respectively, in the direction
substantially perpendicular to a central axis D, which is the falling direction of the molten glass flow
120. The lower side blade 130 and the upper side blade 140 move in a direction of the arrow X1 which
is perpendicular to the central axis D and which is from the left side to the right side in the figure, and
in a direction of the arrow X2 which is perpendicular to the central axis D and which is from the right
side to the left side in the figure, respectively, thereby approaching a forward end portion 122 side of
the molten glass flow 120 from both sides of the molten glass flow 120. Note that, the viscosity of the
molten glass flow 120 is controlled by adjusting the temperatures of the molten glass effluent pipe 110
and the molten glass supply source which is upstream thereof. [0160]         Further, the lower side
blade 130 and the upper side blade 140 have substantially plate-like body portions 132 and 142 and
blade portions 134 and 144, respectively. The blade portions 134 and 144 are provided on end portion
sides of the body portions 132 and 142, respectively, and cut the forwardendportion 122 of the molten
glass flow 120 continuously flowing out downward in the vertical direction from a direction substantially
perpendicular to the direction in which the molten glass flow 120 falls down. Note that, an upper
surface 134U of the blade portion 134 and a lower surface 144E of the blade portion 144 each have a
surface substantially coincident with a horizontal plane, and a lower surface 134E of the blade portion
134 and an upper surface 144U of the blade portion 144 each have a surface that is slanted so as to
cross the horizontal plane. Further, the lower side blade 130 and the upper side blade 140 are placed
so that the upper surface 134U of the blade portion 134 and the lower surface 144E of the blade
portion 144 are substantially flush with each other with respect to the vertical direction. [0161] Next, as
illustrated in FIG. 12, the lower side blade 130 and the 
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respect to the vertical direction. 

 [0081] 

 Next, as illustrated in FIG. 2, the lower side bla de 30 and the 

upper side blade 40 are each moved in the horizonta l direction so that 

the upper surface 34U of the blade portion 34 and t he lower surface 44B 

of the blade portion 44 are partially overlapped su bstantially without 

any gap by further moving the lower side blade 30 a nd the upper side 

blade 40 toward the direction of the arrow X1 and t he direction of the 

arrow X2, respectively.  That is, the lower side bl ade 30 and the upper 

side blade 40 are caused to perpendicularly cross t he central axis D.  

As a result, the lower side blade 30 and the upper side blade 40 penetrate 

into the molten glass flow 20 until reaching the vi cinity of the central 

axis D thereof, and the forward end portion 22 is c ut as a molten glass 

gob 24 having a substantially spherical shape.  Not e that, FIG. 2 

illustrates the moment when the forward end portion  22 is separated from 

the body portion of the molten glass flow 20 as the  molten glass gob 

24.  Further, as illustrated in FIG. 3, the molten glass gob 24 cut from 

the molten glass flow 20 further falls to a downwar d Y1 side in the vertical 

direction. 

 [0082] 

-First Pressing Step- 

 In the first pressing step, the falling molten gla ss gob 24 

illustrated in FIG. 3 is pressed with the first pre ss mold and the second 

press mold which are placed so as to be opposed to each other in a direction 

crossing a direction in which the molten glass gob 24 falls to be formed 

into a plate shape.  Here, it is preferred that the  first press mold and 

the second press mold be placed so as to be opposed  to each other in 

a direction substantially perpendicular to the dire ction in which the 

molten glass gob 24 falls so as to form an angle in  a range of 90 degrees 

upper side blade 140 are each moved in the horizontal direction so that the upper surface 134U of the
blade portion 134 and the lower surface 144E of the blade portion 144 are partially overlapped
substantially without any gap by further moving the lower side blade 130 and the upper side blade 140
toward the direction of the arrow X1 and the direction of the arrow X2, respectively. That is, the lower
side blade 130 and the upper side blade 140 are caused to perpendicularly cross the central axis D.
As a result, the lower side blade 130 and the upper side blade 140 penetrate into the molten glass flow
120 to the vicinity of the central axis D thereof, and the forward end portion 122 is cut as a molten
glass gob 124 having a substantially spherical shape. Note that, FIG. 12 illustrates the moment when
the forward end portion 122 is separated from the body portion of the molten glass flow 120 as the
molten glass gob 124. Further, as illustrated in FIG. 13, the molten glass gob 124 cut from the molten
glass flow 120 further falls to a downward Y1 side in the vertical direction. [0162] -Press Forming Step
(First Step)-         In the first step, the falling molten glass gob 124 illustrated in FIG. 13 is pressed with
the first press mold and the second press mold which are placed so as to be opposed to each other in
a direction crossing the falling direction of the molten glass gob 124, and is formed into a plate shape.
Here, it is preferred that the first press mold and the second press mold be placed so as to be opposed
to each other in a direction substantially perpendicular to the falling direction of the molten glass gob
124 so as to form an angle in a range of 90 degrees  1 degree, and it is particularly preferred that the
first press mold and the second press mold be placed so as to be opposed to each other in a direction
perpendicular to the falling direction of the molten glass gob 124. By placing the pair of press molds so
as to be opposed to each other with respect to the falling direction of the molten glass gob 124 in this
way, it is further facilitated to press the molten glass gob 124 evenly from both sides into a plate
shape. [0163]         Further, the temperatures of the press-molding surfaces of the first press mold and
the second press mold immediately before the first step is carried out is preferably equal to or lower
than a temperature which is 10C higher than the strain point of the glass material forming the molten
glass gob 124, more preferably equal to or lower than a temperature which is 500 higher than the
strain point of the glass material forming the molten glass gob 124. By setting the temperatures of the
press-molding surfaces in the above-mentioned range, fusion between the molten glass gob 124 and
the press-molding surfaces in the press molding maybe suppressed with reliability. The lower limit of
the temperatures of the press-molding surfaces of the first press mold and the second press mold
immediately before the first step is carried out is not specifically limited, but, from a practical viewpoint,
that is, in order to prevent a crack in the glass blank due to rapid cooling of the molten glass gob 124,
in order to prevent significant reduction of the stretchability of the molten glass gob 124 due to rapid
increase of the viscosity in the press molding, and the like, it is preferred that the lower limit be equal
to or higher than the strain point of the glass material forming the molten glass gob 124. [0164]
Further, the absolute value of the difference between the temperature of the press-molding surface of
the first press mold and the temperature of the press-molding surface of the second press mold
immediately before the first step is carried out is preferably in a range  of 0C to 10C, more preferably in
a range of 0C to 5C, and particularly preferably 0C. In this case, the temperature difference caused
between both the surfaces of the plate glass which is formed into a plate shape by pressing the molten
glass gob 124 may be suppressed with more reliability, and as a result, the flatness may be further
improved. [0165] 
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±1 degree, and it is particularly preferred that th e first press mold 

and the second press mold be placed so as to be opp osed to each other 

in a direction perpendicular to the direction in wh ich the molten glass 

gob 24 falls.  By placing the pair of press molds s o as to be opposed 

to each other with respect to the direction in whic h the molten glass 

gob 24 falls in this way, it is further facilitated  to press the molten 

glass gob 24 evenly from both sides to be formed in to a plate shape. 

 [0083] 

 Further, the temperatures of the press-molding sur faces of the 

first press mold and the second press mold immediat ely before the first 

pressing step is carried out is preferably equal to  or lower than a 

temperature which is 10°C higher than the strain po int of the glass material 

forming the molten glass gob 24, more preferably eq ual to or lower than 

a temperature which is 5°C higher than the strain p oint of the glass 

material forming the molten glass gob 24.  By causi ng the temperatures 

of the press-molding surfaces to be in the above-me ntioned range, fusion 

between the molten glass gob 24 and the press-moldi ng surfaces in the 

press molding may be suppressed with reliability.  The lower limit of 

the temperatures of the press-molding surfaces of t he first press mold 

and the second press mold immediately before the fi rst pressing step 

is carried out is not specifically limited, but, fr om practical viewpoints, 

that is, in order to prevent a crack in the glass b lank due to rapid 

cooling of the molten glass gob 24, in order to pre vent significant 

reduction of the stretchability of the molten glass  gob 24 due to rapid 

increase of the viscosity in the press molding, and  the like, it is preferred 

that the lower limit be equal to or higher than the  strain point of the 

glass material forming the molten glass gob 24. 

 [0084] 

 Further, the absolute value of the difference betw een the 

Further, the absolute values of the temperature differences within the press-molding surfaces of the
first press mold and the second press mold immediately before the first step is carried out is preferably
in a range of 0C to 100C, preferably in a range of 0C to 50C, particularly preferably 0C. By setting the
temperature distribution within the press-molding surfaces in the above-mentioned range, it becomes
further easier to stretch evenly and thinly the molten glass gob 124 in the press molding. As a result,
even when a glass blank having a smaller thickness is manufactured, a glass blank which is excellent
in flatness and has smaller thickness deviation may be more easily obtained. Note that, "temperature
within a press-molding surface" means temperature measured in a largest region in which the
press-molding surface and the molten glass gob 124 stretched into a plate shape are in contact with
each other in the press molding. [0166]         Next, the first step is described more specifically with
reference to the drawings. First, the molten glass gob 124 illustrated in FIG. 13 comes between a first
press mold 150 and a second press mold 160 which are placed so as to be opposed to each other in a
direction perpendicular to the falling direction Y1 of the molten glass gob 124 as illustrated in FIG. 14.
Here, the first press mold 150 and the second press mold 160 before the press molding is carried out
are placed at an interval so as to be opposed to each other in a direction having line symmetry  with
respect to and perpendicular to the falling direction Yl. Then, in synchronization with the timing when
the molten glass gob 124 reaches the vicinity of the central portions in the vertical direction of the first
press mold 150 and the second press mold 160, the first press mold 150 moves in the direction of the
arrow X1 which is perpendicular to the falling direction Y1 and which is from the left side to the right
side in the figure and the second press mold 160 moves in the direction of the arrow X2 which is
perpendicular to the falling direction Y1 and which is from the right side to the left side in the figure in
order to press-mold the molten glass gob 124 by pressing from both sides. Note that, the moving rate
of the first press mold 150 in the direction of the arrow X1 and the moving rate of the second press
mold 160 in the direction of the arrow X2 are set to be the same or substantially the same. [0167]
Here, the press molds 150 and 160 include press mold bodies 152 and 162 each having a disk-like
shape, respectively, and guide members 154 and 164 arranged so as to surround the outer peripheral
ends of each of the press mold bodies 152 and 162, respectively. Note that, because FIG. 14 is a
cross-sectional view, the guide members 154 and 164 are drawn as being positioned on both upper
and lower sides of the press mold bodies 152 and 162, respectively, in FIG. 14. Further, drive
members for moving the press mold 150 in the direction of the arrow X1 and for moving the press
mold 160 in the direction of the arrow X2 are omitted in the figures. [0168]         One surface of each of
the press mold bodies 152 and 162 serves as a press-molding surface 152A or 162A. Further, in FIG.
14, the first press mold 150 and the second press mold 160 are arranged so that the two
press-molding surfaces 152A and 162A face each other. Further, the guide member 154 is provided
with a guide surface 154A, which is positioned so as to project slightly with respect to the
press-molding surface 152A in the X1 direction, and the guide member 164 is provided with a guide
surface 164A, which is positioned so as to project slightly with respect to the press-molding surface
162A in the X2 direction. Then, the guide surface 154A and the guide surface 164A come into contact
with each other at the time of press molding, and hence a gap is formed between the press-molding
surface 152A and the press-molding surface 162A. Thus, the thickness of the gap corresponds to the
thickness of the molten glass gob 124 molded so as to have a plate shape by being press-molded
between the first press mold 150 and the second press mold 160, that is, the thickness of a glass
blank. Further, the press-molding surfaces 152A and 162A are formed so that, when the first step is
carried out so that the molten glass gob 124 is completely extended by pressure in the vertical
direction and is molded into a plate glass between the press-molding surface 152A of the first press
mold 150 and the press-molding surface 162A of the secondpress mold 160, at least regions (molten
glass stretching regions) Si and 32 in contact with the above-mentioned plate glass in the
press-molding surfaces 152A and 162A forma substantially flat surface. Note that, in the example
illustrated in FIG. 14, the whole part of the press-molding surface 152A including the molten glass
stretching region Si and the whole part of the press-molding surface 162A including the molten glass
stretching region 32 each are a usual flat surface whose curvature is substantially zero. Further, the
flat surface has only minute irregularities which are formed when usual flattening processing, usual
mirror polishing processing, or the like is applied at the time of manufacturing press molds, but does
not have convex portions and/or concave portions larger than the minute irregularities. [0169]         The
glass blank is manufactured by press molding the molten glass gob 124 by pressure between the
press-molding surfaces 152A and 162A. Thus, the surface roughness of the press-molding surfaces
152A and 162A and the surface roughness of the main surface of the glass blank become
substantially the same. The surface roughness (central line average roughness Ra) of themain surface
of the glass blank is desirably controlled to the range of 0.01 to 10 pm in view of performing scribe
processing and grinding processing using a diamond sheet that are carried out as the post processes
to be described below, and hence the surface roughness (central line average roughness Ra) of the
press-molding surfaces is also preferably controlled to the range of 0.01 to 10 pm. 
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temperature of the press-molding surface of the fir st press mold and 

the temperature of the press-molding surface of the  second press mold 

immediately before the first pressing step is carri ed out is preferably 

in a range of 0°C to 10°C, more preferably in a ran ge of 0°C to 5°C, 

particularly preferably 0°C.  In this case, tempera ture difference caused 

between both the surfaces of the plate glass which is formed into a plate 

shape by pressing the molten glass gob 24 may be su ppressed with more 

reliability, and as a result, the flatness may be f urther improved. 

 [0085] 

 Further, the absolute values of the temperature di fferences within 

the press-molding surfaces of the first press mold and the second press 

mold immediately before the first pressing step is carried out is 

preferably in a range of 0°C to 100°C, more prefera bly in a range of 

0°C to 50°C, particularly preferably 0°C.  By causi ng the temperature 

distribution within the press-molding surfaces to b e in the 

above-mentioned range, to stretch evenly and thinly  the molten glass 

gob 24 in the press molding becomes further easier.   As a result, even 

when a glass blank having a smaller thickness is ma nufactured, a glass 

blank which is excellent in flatness and has smalle r thickness deviation 

may be more easily obtained.  Note that, "temperatu re within a 

press-molding surface" means temperature measured i n a largest region 

in which the press-molding surface and the molten g lass gob 24 stretched 

into a plate shape are in contact with each other i n the press molding. 

 [0086] 

 Next, the first pressing step is described more sp ecifically with 

reference to the drawings.  First, the molten glass  gob 24 illustrated 

in FIG. 3 comes between a first press mold 50 and a  second press mold 

60 which are placed so as to be opposed to each oth er in a direction 

perpendicular to the direction Y1 in which the molt en glass gob 24 falls 

[0170]         The molten glass gob 124 illustrated in FIG. 14 falls further downward and enters the
space between the two press-molding surfaces 152A and 162A. Then, as illustrated in FIG. 15, at the
time when the molten glass gob 124 reaches the vicinity of the almost central portion in the vertical
direction of the press-molding surfaces 152A and 162A parallel to the falling direction II, both side
surfaces of the molten glass gob 124 are brought into contact with the press-molding surfaces 152A
and 162A. Here, it is preferred that, as illustrated in FIG. 15, the press-molding surface 152A and the
press-molding surface 162A be brought into contact with the molten glass gob 124 substantially at the
same time. "Be brought into contact substantially at the same time" as used herein means that the
absolute value of the temporal difference between a point in time at which the molten glass gob and
one of the press-molding surfaces are brought into contact with each other and a point in time at which
the molten glass gob and the other of the press-molding surfaces are brought into contact with each
other is 0.1 second or less. The absolute value of the temporal difference is more preferably 0.05
second or less, most preferably 0 seconds (at the same time). Note that, for the sake of reference, in
the vertical direct press, time taken for the molten glass gob to, after being brought into contact with
the press-molding surface of the lower mold, be brought into contact with the press-molding surface of
the upper mold is generally on the order of 1.5 seconds to 3 seconds, depending on the conditions of
the press molding. [0171]         Further, it is preferred that, as illustrated in FIG. 15, the press-molding
surface 152A and the press-molding surface 162A be brought into contact with the molten glass gob
124 substantially at the same time, and, at least during the period in which the press-molding step is
carried out, the temperature of the press-molding surface 152A of the first press mold 150 and the
temperature of the press-molding surface 162A of the second press mold 160 be substantially the
same. With this, both the surfaces of the molten glass gob 124 which is being formed into a plate
shape in the first step and both the surfaces of the plate glass sandwiched between the pair of press
molds 150 and 160 in the second step are continued to be cooled always symmetrically. In this case,
compared with a case of the vertical direct press in which a molten glass gob in a state of having a
viscosity distribution due to long-term contact with a lower mold is press-molded, almost no
temperature difference is caused between both the surfaces of the plate glass after being
press-molded, and thus, deterioration of the flatness due to temperature difference between both the
surfaces may be suppressed with more reliability. [0172] "Substantially the same" as used herein
means that the absolute value of the difference between the temperature of the press-molding surface
152A of the first press mold 150 and the temperature of the press-molding surface 162A of the second
press mold 160 is 10C or less. The absolute value of the temperature difference is more preferably 5C
or less, most preferably 0C. Note that, when a temperature distribution exists within the press-molding
surface 152A or 162A, the "temperature of the press-molding surface" means the temperature of the
vicinity of a central portion of the press-molding surface. Note that, for the sake of reference, in the
vertical direct press, the absolute value of the difference between the temperature of a press-molding
surface of an upper mold and the temperature of a press-molding surface of a lower mold when a
molten glass gob is being press-molded is generally on the order of 50C to 100C, depending on the
conditions of the press molding. [0173]         Here, in additional consideration of the viewpoint of
preventing the situation that press molding becomes difficult to carry out because of the increase of
the viscosity of a falling molten glass gob 124 or the situation that the position of press fluctuates
because of an excessively high falling speed, the falling distance is preferably selected from the range
of 1,000 mm or less, more preferably selected from the range of 500 mm or less, still more preferably
selected from the range of 300 mm or less, most preferably selected from the range of 200 mm or
less. Note that, the lower limit of the falling distance is not particularly limited, but is preferably 100 mm
or more for practical use. Note that, the term "falling distance" means a distance from the position at
the moment when the forward end portion 122 is separated as the molten glass gob 124 as illustrated
in FIG. 12, that is, the position at which the lower side blade 130 and the upper side blade 140 are
overlapped in the vertical direction, to the position at the time of the start of the press molding (the
moment of the start of the press molding) as illustrated in FIG. 15, that is, the vicinity of the almost
central portion in the diameter direction of the press-molding surfaces 152A and 162A parallel to the
falling direction II. [0174] 
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as illustrated in FIG. 4.  Here, the first press mo ld 50 and the second 

press mold 60 before the press molding is carried o ut are placed at an 

interval so as to be opposed to each other in a dir ection having line 

symmetry with respect to and perpendicular to the f alling direction Y1.  

Then, in synchronization with the timing when the m olten glass gob 24 

reaches the vicinity of the central portions in the  vertical direction 

of the first press mold 50 and the second press mol d 60, the first press 

mold 50 moves in the direction of the arrow X1 whic h is perpendicular 

to the falling direction Y1 and which is from the l eft side to the right 

side in the figure and the second press mold 60 mov es in the direction 

of the arrow X2 which is perpendicular to the falli ng direction Y1 and 

which is from the right side to the left side in th e figure in order 

to press-mold the molten glass gob 24 by pressing f rom both sides.  Note 

that, the moving rate of the first press mold 50 in  the direction of 

the arrow X1 and the moving rate of the second pres s mold 60 in the direction 

of the arrow X2 are set to be the same or substanti ally the same. 

 [0087] 

 Here, the press molds 50 and 60 include press mold  bodies 52 and 

62 each having a disk-like shape, respectively, and  guide members 54 

and 64 arranged so as to surround the outer periphe ral ends of each of 

the press mold bodies 52 and 62, respectively.  Not e that, because FIG. 

4 is a cross-sectional view, the guide members 54 a nd 64 are drawn as 

being positioned on both the upper and lower sides of the press mold 

bodies 52 and 62, respectively, in FIG. 4.  Further , drive members for 

moving the press mold 50 in the direction of the ar row X1 and for moving 

the press member 60 in the direction of the arrow X 2 are omitted in the 

figures. 

 [0088] 

 One surface of each of the press mold bodies 52 an d 62 serves as 

After that, as illustrated in FIG. 16, when the molten glass gob 124 is continuously pressed from its
both sides with the first press mold 150 and the second press mold 160, the molten glass gob 124 is
extended by pressure so as to have a uniform thickness around the position at which the molten glass
gob 124 and each of the press-molding surfaces 152A and 162A first come into contact. Then, as
illustrated in FIG. 17, the molten glass gob 124 is continuously pressed with the first press mold 150
and the second press mold 160 until the guide surface 154A and the guide surface 164A come into
contact, thereby being formed into a disk-shaped or disk-like plate glass 126 between the
press-molding surfaces 152A and 162A. [0175]         Here, the plate glass 126 illustrated in FIG. 17
has substantially the same shape and thickness as the glass blank to be finally obtained. Further, the
size and shape of both surfaces of the plate glass 126 are the same size and shape of the molten
glass stretching regions Si and 32 (not shown in FIG. 17) . Further, the time taken from the state at the
time of the start of the press molding illustrated in FIG. 15 until a state in which the guide surface 154A
and the guide surface 164A come into contact with each other as illustrated in FIG. 17 (hereinafter,
sometimes referred to as "press molding time") is preferably 0.1 second or less from the viewpoint of
forming the molten glass gob 124 into a plate glass. Moreover, because a state in which the guide
surface 154A and the guide surface 164A come into contact with each other is established at the time
of the press molding, it becomes easy to maintain the parallel state between the press-molding surface
152A and the press-molding surface 162A. Note that, the lower limit of the press molding time is not
particularly limited, however, it is preferably 0.05 second or more for practical use. [0176]          Note
that, as illustrated in FIG. 14 to FIG. 17, the press mold 150 has the press mold body 152 and the
guide member 154, and the press mold 160 has a similar structure. Here, in the first step, the press
mold body 152 and the guide member 154 move in the direction of the arrow X1 at the same time and
Integrally, and the press mold body 162 and the guide member 164 move in the direction of the arrow
X2 at the same time and Integrally. [0177]          Further, the press molds 150 and 160 have the guide
members 154 and 164, respectively, and thus, when the guide member 154 and the guide member
164 are in contact with each other as Illustrated in FIG. 17, the press-molding surface 152A and the
press-molding surface 162A are held in parallel with each other. Therefore, even if a state in which the
press-molding surface 152A and the press-molding surface 162A are in parallel with each other cannot
be held in the process in which the press mold 150 moves in the direction of the arrow X1 and the
press mold 160 moves in the direction of the arrow X2 as Illustrated in FIG. 14 to FIG. 16, it is easy to
significantly reduce a thickness deviation in the obtained glass blank. In consequence, a drive for
driving the press molds 150 and 160 is not required to have sophisticated controlling ability to control
the press-molding surface 152A and the press-molding surface 162A to be always held in a precisely
parallel state in a series of process Illustrated in FIG. 14 to FIG. 17. [0178] -Press-Molding Step
(Second Step)-         In the second step, as illustrated in FIG. 17, the press mold body 152 of the first
press mold 150 is driven so as to move in the direction of the arrow X1 and the press mold body 162
of the second press mold 160 is driven so as to move in the direction of the arrow X2 under the state
in which the guide member 154 of the first press mold 150 and the guide member 164 of the second
press mold 160 are brought into contact with each other. This causes the plate glass 126 to continue
to be pressed by the press mold bodies 152 and 162. [0179] 
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press-molding surfaces 52A and 62A, respectively.  Further, in FIG. 4, 

the first press mold 50 and the second press mold 6 0 are arranged so 

that the two press-molding surfaces 52A and 62A fac e each other.  Further, 

the guide member 54 is provided with a guide surfac e 54A, which is positioned 

so as to project slightly with respect to the press -molding surface 52A 

in the X1 direction, and the guide member 64 is pro vided with a guide 

surface 64A, which is positioned so as to project s lightly with respect 

to the press-molding surface 62A in the X2 directio n.  Then, the guide 

surface 54A and the guide surface 64A come into con tact with each other 

at the time of press molding, and hence a gap is fo rmed between the 

press-molding surface 52A and the press-molding sur face 62A.  Thus, the 

thickness of the gap corresponds to the thickness o f the molten glass 

gob 24 molded so as to have a plate shape by being press-molded between 

the first press mold 50 and the second press mold 6 0, that is, the thickness 

of a glass blank.  Further, the press-molding surfa ces 52A and 62A are 

formed so that, when the press-molding step is carr ied out so that the 

molten glass gob 24 is completely extended by press ure in the vertical 

direction and is molded into a plate glass between the press-molding 

surface 52A of the first press mold 50 and the pres s-molding surface 

62A of the second press mold 60, at least regions ( molten glass stretching 

regions) S1 and S2 in contact with the above-mentio ned plate glass in 

each of the press-molding surfaces 52A and 62A form  a substantially flat 

surface.  Note that, in the example illustrated in FIG. 4, the whole part 

of the press-molding surface 52A including the molt en glass stretching 

region S1 and the whole part of the press-molding s urface 62A including 

the molten glass stretching region S2 each are a us ual flat surface whose 

curvature is substantially zero.  Further, the flat  surface has only 

minute irregularities which are formed when usual f lattening processing, 

usual mirror polishing processing, or the like is a pplied at the time 

Note that, the plate glass 126 immediately after the first step is completed is at a high temperature and
has high fluidity ( low vis cos ity ) . More specifically, the plate glass is in a quite easily deformable
state and in a state in which the flatness thereof is liable to be deteriorated. Therefore, if the second
step is completed when the cooling of the plate glass 126 does not progress much with the high fluidity
state being held, the plate glass 126 may be deformed after the second step is completed to
deteriorate the flatness of the glass blank. In consequence, it is preferred that the second step be
continued until the temperature of the plate glass 126 is at least equal to or lower than a temperature
which is 10C higher than the strain point of the glass material forming the plate glass 126. More
specifically, it is preferred that the plate glass 126 continue to be pressed by the press mold body 152
and the press mold body 162 until the temperature of the plate glass 126 is equal to or lower than the
temperature which is 10C higher than the strain point of the glass material forming the plate glass 126
while holding the state immediately after the first step is completed illustrated in FIG. 17. In this case,
the plate glass 126 continues to be pressed until the cooling of the plate glass 126 sufficiently
progresses and the temperature reaches a range in which the fluidity thereof is lost and deformation
thereof becomes impossible in effect. More specifically, the plate glass 126 may be solidified while
holding a state in which the deformation of the plate glass 126 immediately after the first step is
completed is suppressed. In consequence, the flatness of the produced glass blank may be improved.
[0180]         Here, the duration time of the second step is preferably controlled so that the flatness of
the glass blank is 10 pm or less (within 10 pm), more preferably controlled so that the flatness of the
glass blank is 4 pm or less (within 10 pm). Note that, if the duration time of the second step is short,
strain due to disturbance is caused in the plate glass 126 in the process of being cooled, and the strain
facilitates deterioration of the flatness of the glass blank. Therefore, it is preferred that the glass blank
be manufactured in a manner that the duration time of the second step is changed and the flatness of
the obtained glass blank is measured, and based on the result, the duration time of the second step is
set so that the flatness is 10 pm or less(within 10 pm) . However, if the duration time of the second
step is too long, the productivity is reduced. It follows that the duration time of the second step should
be set taking into consideration the flatness of the glass blank and the productivity. From these
viewpoints, specifically, it is preferred that the duration time of the second step be in a range of 2 to 40
seconds, and be in a range of 2 to 30 seconds. [0181]         Further, in order to control the flatness of
the glass blank to be 10 pm or less(within 10 pm), in the second step, it is particularly preferred that
the duration time of the second step be selected so that the plate glass continues to be pressed until
the temperature reaches a range in which the fluidity of the plate glass is lost and deformation thereof
becomes impossible in effect. In this case, the plate glass 126 may be solidified while holding a state
in which the deformation of the plate glass 126 immediately after the first step is completed is
suppressed. In consequence, the flatness of the produced glass blank maybe improved. Here, the
duration time of the second step is preferably selected so that the temperature of the plate glass when
the second step is completed is equal to or lower than a temperature which is 10C higher than the
strain point of the glass material forming the plate glass, more preferably selected so that the
temperature is equal to or lower than a temperature which is 5C higher than the strain point, still more
preferably selected so that the temperature is equal to or lower than the strain point. On the other
hand, the lower limit of the temperature of the plate glass when the second step is completed is not
specifically limited, but, from the viewpoint of suppressing reduction of the productivity due to
prolonged time necessary for carrying out the second step, practically, it is preferred that the lower
limit be equal to or higher than the strain point. Therefore, it is preferred that the upper limit of the
duration time of the second step be selected from this viewpoint. [0182]         Note that, during a period
from immediately after the start of the first step at which the press-molding surfaces 152A and 162A
and the molten glass gob 124 are brought into contact with each other to a point in time when the
second step is completed, the temperature of the glass located between the press-molding surface
152A and the press-molding surface 162A (the molten glass gob 124 and the plate glass 126) is
generally significantly lowered from on the order of 1,20050C  to on the order of 480002000,
depending on the glass material used in the press molding. Inconsequence, in the second step, as the
temperature is significantly lowered in this way, heat shrinkage of the plate glass 126 in the diameter
direction progresses. The heat shrinkage becomes more conspicuous when the second step continues
until the temperature of the plate glass 126 reaches a lower temperature range, in particular, a
temperature range which is equal to or lower than a temperature that is 10C higher than the strain
point of the glass material forming the plate glass 126. On the other hand, in the second step, the
press-molding surfaces 152A and 162A which are in contact with both the surfaces of the plate glass
126 are thought to continue to absorb heat of the plate glass 126 to thermally expand in an in-plane
direction or, by completing absorption of enough heat from the plate glass 126, stop thermal expansion
in the in-plane direction or turn to mild heat shrinkage. [0183] 
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of manufacturing press molds, but does not have con vex portions and/or 

concave portions larger than the minute irregularit ies. 

 [0089] 

 The glass blank is produced by press molding the m olten glass gob 

24 by pressure between the press-molding surfaces 5 2A and 62A.  Thus, 

the surface roughness of the press-molding surfaces  52A and 62A and the 

surface roughness of the main surfaces of the glass  blank become 

substantially the same.  The surface roughness (cen tral line average 

roughness Ra) of the main surfaces of the glass bla nk is desirably 

controlled to the range of 0.01 to 10 µm in view of performing scribe 

processing and grinding processing using a diamond sheet that are carried 

out as the post processes to be described below, an d hence the surface 

roughness (central line average roughness Ra) of th e press-molding 

surfaces is also preferably controlled to the range  of 0.01 to 10 µm. 

 [0090] 

 The molten glass gob 24 illustrated in FIG. 4 fall s further downward 

and enters the space between the two press-molding surfaces 52A and 62A.  

Then, as illustrated in FIG. 5, at the time when th e molten glass gob 

24 reaches the vicinity of the almost central porti on in the vertical 

direction of the press-molding surfaces 52A and 62A  parallel to the falling 

direction Y1, both side surfaces of the molten glas s gob 24 come into 

contact with the press-molding surfaces 52A and 62A  at the same time 

or substantially at the same time.   

 [0091] 

 Here, in additional consideration of the viewpoint  of preventing 

the situation that press molding becomes difficult to carry out because 

of the increase of the viscosity of a falling molte n glass gob 24 or 

the situation that the position of press fluctuates  because of an 

excessively high falling speed, the falling distanc e is preferably 

More specifically, in the second step, a difference occurs between the extent of the thermal expansion
/heat shrinkage of both the surfaces of the plate glass 126 and that of the press-molding surfaces
152A and 162A. Therefore, in the second step, force to extend in the diameter direction of the plate
glass 126, that is, force in the direction opposite to the heat shrinkage acts on both the surfaces of the
plate glass 126 which is undergoing the heat shrinkage by the press-molding surfaces 152A and 162A.
However, in the second step, the fluidity of the plate glass 126 is significantly lowered as the second
step progresses, and thus, if excessive stress acts on the plate glass 126, brittle fracture in the plate
glass 126 is liable to occur. Therefore, if the force in the direction opposite to the heat shrinkage
always continues to act on both the surfaces of the plate glass 126, excessive stress acts on the plate
glass 126 in the in-plane direction, which may result in a  crack in the plate glass 126. [0184]         In
order to prevent such a crack in the plate glass 126, (1) to use as a material forming the press molds
150 and 160 a material having the thermal expansion coefficient similar to that of the glass material
forming the plate glass 126, and in addition, (2) in the second step, to carry out cooling with the
temperature of the plate glass 126 and the temperatures of the press-molding surfaces 152A and
162A being synchronized with each other are thought of. However, the second step involves the
significant temperature change, and thus, in order to carry out the above-mentioned cooling, it is
necessary to cause the cooling speed to be very low. However, in this case, time necessary for
carrying out the second step significantly increases, and thus, there is a possibility that the mass
productivity is lowered significantly, which is not practical. [0185]         Taking into consideration the
points described above, in order to prevent a crack in the plate glass 26 in the second step with more
reliability, it is preferred that, in the second step, a press pressure be reducedwithtime. Inthis case,
reductionof the press pressure reduces friction coefficients between both the surfaces of the plate
glass 126 and the press-molding surfaces 152A and 162A, respectively. As a result, slippage occurs
between both the surfaces of the plate glass 126 and the press-molding surfaces 152Aand 162A,
respectively, which facilitates interruption of force which acts on both the surfaces of the plate glass
126 in the opposite direction to the heat shrinkage and which is a cause of a crack. The phrase "press
pressure is reduced with time " as used herein includes, in the second step, not only a case in which
the press pressure is reduced with time but also a case in which, even if the press pressure is
temporarily increased or maintains a fixed value with time, when change in press pressure with time is
approximated by a linear equation, the slope thereof is negative. Further, the press pressure may be
reduced stepwise with time, or may be reduced continuously with time. [0186]         Note that, when
the press pressure is reduced stepwise with time, the press pressure is preferably reduced when the
temperature of the plate glass 126 sandwiched between the first press mold 150 and the second press
mold 160 is lowered to a range of 3000 from the defromation point of the glass material forming the
plate glass 126. This enables more effective suppression of a crack in the plate glass 126 with
relatively simple control of the press pressure. Note that, in this case, from the viewpoint of
accomplishing in balance both the suppression of a crack in the plate glass 126 with reliability and the
suppression of deterioration of the flatness, the press pressure is preferably in a range of on the order
of 1% to 10% after the reduction with that before the reduction being 100%. [0187] -Taking Out Step- 
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selected from the range of 1,000 mm or less, more p referably selected 

from the range of 500 mm or less, still more prefer ably selected from 

the range of 300 mm or less, most preferably select ed from the range 

of 200 mm or less.  Note that, the lower limit of t he falling distance 

is not particularly limited, but is preferably 100 mm or more for practical 

use.  Note that, the term "falling distance" means a distance from the 

position at the moment when the forward end portion  22 is separated as 

the molten glass gob 24 as illustrated in FIG. 2, t hat is, the position 

at which the lower side blade 30 and the upper side  blade 40 are overlapped 

in the vertical direction, until the position at th e time of the start 

of the press molding (the moment of the start of th e press molding) as 

illustrated in FIG. 5, that is, the vicinity of the  almost central portion 

in the diameter direction of the press-molding surf aces 52A and 62A 

parallel to the falling direction Y1. 

 [0092] 

 Next, as illustrated in FIG. 6, when the molten gl ass gob 24 is 

continuously pressed from its both sides with the f irst press mold 50 

and the second press mold 60, the molten glass gob 24 is extended by 

pressure so as to have a uniform thickness around t he position at which 

the molten glass gob 24 and each of the press-moldi ng surfaces 52A and 

62A first come into contact.  Then, as illustrated in FIG. 7, the molten 

glass gob 24 is continuously pressed with the first  press mold 50 and 

the second press mold 60 until the guide surface 54 A and the guide surface 

64A come into contact, thereby being formed into a disk-shaped or disk-like 

plate glass 26 between the press-molding surfaces 5 2A and 62A.   

 [0093] 

 Here, the plate glass 26 illustrated in FIG. 7 has  substantially 

the same shape and thickness as the glass blank to be finally obtained.  

Further, the size and shape of both surfaces of the  plate glass 26 are 

After the second step is carried out, the taking out step is carried out in which the first press mold 150
and the second press mold 160 are moved away from each other and the plate glass 126 sandwiched
between the first press mold 150 and the second press mold 160 is taken out. The taking out step may
be carried out as, for example, described in the following. First, as illustrated in FIG. 18, the first press
mold 150 is moved in the direction of the arrow X2 and the second press mold 160 is moved in the
direction of the arrow X1 so that the first press mold 150 and the second press mold 160 are moved
away from each other. This releases the press-molding surface 162A from the plate glass 126. Next,
as illustrated in FIG. 19, the plate glass 126 is released from the press-molding surface 152A, and the
plate glass 126 is caused to fall to the downward Y1 side in the vertical direction and is taken out. Note
that, when the plate glass 126 is released from the press-molding surface 152A, by applying force
from an outer peripheral direction of the plate glass 126, the plate glass 126 may be released as if the
plate glass 126 is stripped off. In this case, the plate glass 126 may be taken out without applying
great force thereto. Note that, in taking out the plate glass 126, the plate glass 126 may be released
from the press-molding surface 162A after the plate glass 126 is released from the press-molding
surface 152A. Finally, the plate glass 126 which is taken out is annealed as necessary to reduce or
remove strain thereon, and a base material from which the magnetic recording medium glass
substrate is formed, that is, the glass blank, is obtained. [0188] -Glass Blank-         With regard to the
glass blank obtained by the method of manufacturing a glass blank according to the second
embodiment described above, the flatness may be caused to be, for example, 10 pm or less (within 10
pm), and it is extremely easy to even cause the flatness to be 4 pm or less(within 4 pm). Note that,
from the viewpoint of eliminating or shortening downstream steps such as a lapping step which are
carried out mainly for the purpose of improving the flatness, the flatness is preferably 4 pm or
less(within 4 pm) . [0189]         Note that, the method of manufacturing a glass blank according to the
second embodiment is also suitable for manufacturing a thinner glass blank having good flatness.
Specifically, the method is suitable for manufacturing a glass blank having a thickness of 2 mm or less
and a flatness of 10 pmor less (within 10 pm) . The thickness is more preferably 1.5 mm or less, still
more preferably 1.2 mm or less, yet more preferably 1.0 mm or less. [0190] -Press Mold-         The
press mold 150 used in the method of manufacturing a glass blank according to the second
embodiment includes at least the press mold body 152 and the guide member 154. The press mold
160 includes at least the press mold body 162 and the guide member 164, and has the same structure
as that of the press mold 150. In the following, the press mold 150 is described as an example. First, in
the press mold 150, the press mold body 152 and the guide member 154 are formed as separate
members. Therefore, in the first step, the press mold body 152 and the guide member 154 may be
integrally driven so as to be pushed to the side of the press mold 160 which is placed to be opposed
thereto, and, in the second step, only the press mold body 152 may be driven so as to be relatively
pushed with respect to the guide member 154 to the side of the press mold 160 which is placedto be
opposed thereto . The press mold 150 has the structure and function as described above, and hence,
the thickness deviation and the flatness of the glass blank may be reduced more. [0191] 
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the same as those of the molten glass stretching re gions S1 and S2 (not 

shown in FIG. 7).  Further, the time taken from the  state at the time 

of the start of the press molding illustrated in FI G. 5 until a state 

in which the guide surface 54A and the guide surfac e 64A come into contact 

with each other as illustrated in FIG. 7 (hereinaft er, referred to as 

"press molding time" in some cases) is preferably 0 .1 second or less 

from the viewpoint of forming the molten glass gob 24 into a plate glass.  

Moreover, because a state in which the guide surfac e 54A and the guide 

surface 64A come into contact with each other is es tablished at the time 

of the press molding, it becomes easy to maintain t he parallel state 

between the press-molding surface 52A and the press -molding surface 62A.  

Note that, the lower limit of the press molding tim e is not particularly 

limited, however, it is preferably 0.05 second or m ore for practical 

use. 

 [0094] 

 Note that, the press mold 50 illustrated in FIG. 4  to FIG. 7 includes 

a press mold body 52 and a guide member 54, and the  press mold 60 has 

a similar structure.  However, the pair of press mo lds used in the method 

of manufacturing a glass blank according to the fir st embodiment is not 

limited to those of the type illustrated in FIG. 4 to FIG. 7 insofar 

as the pair of press molds may press-mold the molte n glass gob 24 into 

a plate shape.  For example, as the pair of press m olds, ones of a type 

formed of press mold bodies 52 and 62 which are for med by removing the 

guide members 54 and 64 from the press molds 50 and  60 illustrated in 

FIG. 4 to FIG. 7, respectively (of a guide-memberle ss type), may also 

be used.  Further, the press molds 50 and 60 illust rated in FIG. 4 to 

FIG. 7 may be of the integral type in which the pre ss mold bodies 52 

and 62 and the guide members 54 and 64 are integral ly formed, respectively, 

or may be of a separate type in which the press mol d bodies 52 and 62 

Note that, if attention is given only to reducing the thickness deviation, a press mold in which the press
mold body 152 and the guide member 154 are integrally formed may be used. However, in a press
mold of this type, it is not possible to drive only the press mold body 152 so as to be relatively pushed
with respect to the guide member 154 to the side of the press mold 160 which is placed to be opposed
thereto. Therefore, even if, after the first step is completed, the state in which the guide member 154
and the guide member 164 are in contact with each other is continued, both the surfaces of the plate
glass 126 cannot be supported by bringing the press-molding surfaces 152A and 162A always into
intimate contact therewith without a gap. In consequence, the glass blank is liable to deteriorate in
flatness. [0192]         Further, if attention is given only to reducing the flatness, a press mold which
does not include the guide member 154 (guide-memberless mold) may be used. With a press mold of
this type, even after the molten glass gob 124 is press-molded into the plate glass 126, both the
surfaces of the plate glass 126 may be supported by bringing the press-molding surfaces 152A and
162A always into intimate contact therewith without a gap. However, the guide members 154 and 164
do not exist, and thus, unless the press mold is driven extremely precisely, it is difficult to carry out the
press molding with the press-molding surface 152A and the press-molding surface 162A being held
precisely in parallel with each other. Therefore, the glass blank is liable to deteriorate in thickness
deviation. [0193]         Taking into consideration the points described above, the press mold 150 (and
the press mold 160) including at least the guide member 154 and the press mold body 152 which are
formed as separate members is extremely advantageous in that both the thickness deviation and the
flatness of the glass blank may be improved in a balanced manner. [0194]         It is preferred to use a
metal or an alloy as a material for forming each of the press molds 150 and 160 in view of heat
resistance, workability, and durability. In this case, in view of the temperature of molten glass, the heat
resistant temperature of the metal or alloy for forming each  of the press molds 150 and 160 is
preferably 1, 000C ormore, more preferably 1,100C or more. Specific examples of the material for
forming each of the press molds 150 and 160 preferably include ferrum casting ductile (FCD), alloy
tool steel (such as 5KD61), high-speed steel (SKH), cemented carbide, Colmonoy, and Stellite. Note
that, it may be possible to control the press molding by cooling the press molds 150 and 160 by using
a cooling medium such as water or air so that the temperatures of the press molds 150 and 160 do not
rise. Further, for the purpose of causing the temperature distribution within the press-molding surfaces
152A and 162A to be uniform, the cooling medium may be used to cool the vicinity of the central
portions of the press-molding surfaces 152A and 162A and/or a heating member such as a heater may
be placed on outer peripheral sides of the press molds 150 and 160 to heat the outer edge sides of the
press-molding surfaces 152A and 162A. [0195]         Further, regions (molten glass stretching regions
Si and 32) in contact with at least the plate glass 126 of the press-molding surfaces 152A and 162A of
the first press mold 150 and the second press mold 160, respectively, may be surfaces having formed
thereon as significant an irregular portion as, for example, a convex portion for forming in the surfaces
of the glass blank a V-shaped groove or the like having the depth on the order of 1/3 to 1/4 of the
thickness thereof, but, usually, it is preferred that the regions be substantially flat surfaces. Note that,
the whole of the press-molding surfaces 152A and 162A may be substantially flat surfaces. A reason
for this is that, when a large V-shaped groove is formed in the glass blank, a crack defect which is
assumed to be due to stress concentration on the V-shaped groove portion is liable tobe caused.
Inadditionto this, whena significantly irregular portion is formed in the molten glass stretching regions
Si and 32, heat 
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and the guide members 54 and 64 are formed as separ ate members, 

respectively.  Note that, when the press molds 50 a nd 60 are of the separate 

type, in the first pressing step, the press mold bo dy 52 and the guide 

member 54 move in the direction of the arrow X1 at the same time and 

integrally, and the press mold body 62 and the guid e member 64 move in 

the direction of the arrow X2 at the same time and integrally. 

 [0095] 

 Note that, the press molds 50 and 60 include the g uide members 

54 and 64, respectively, and thus, when the guide m ember 54 and the guide 

member 64 are in contact with each other as illustr ated in FIG. 7, the 

press-molding surface 52A and the press-molding sur face 62A are held 

in parallel with each other.  Therefore, even if a state in which the 

press-molding surface 52A and the press-molding sur face 62A are in parallel 

with each other can not be maintained in the proces s in which the press 

mold 50 moves in the direction of the arrow X1 and the press mold 60 

moves in the direction of the arrow X2 as illustrat ed in FIG. 4 to FIG. 

6, it is easy to cause the obtained glass blank to have very small thickness 

deviation.  In consequence, a drive for driving the  press molds 50 and 

60 is not required to have controlling ability to c ontrol the press-molding 

surface 52A and the press-molding surface 62A to be  always maintained 

in a precisely parallel state in a series of proces s illustrated in FIG. 

4 to FIG. 7. 

 [0096] 

-Second Pressing Step- 

 In the second pressing step, the plate glass 26 fo rmed between 

the first press mold 50 and the second press mold 6 0 continues to be 

pressed with the first press mold 50 and the second  press mold 60.  More 

specifically, the plate glass 26 continues to be pr essed with the first 

press mold 50 and the second press mold 60 with a s tate immediately after 

shrinkage of the plate glass 126 in the diameter direction in the second step is prevented. Therefore,
excessive stress is produced in the plate glass 126 in the in-plane direction, which causes the plate
glass 126 to be liable to be cracked. [0196]         Here, the term "substantially flat surface" not only
means a usual flat surface whose curvature is substantially zero, but also means a surface having
such a very small curvature that a slightly convex surface or a slightly concave surface is formed.
Further, it is naturally allowed for the "substantially flat surface" to have minute irregularities which are
formed when usual flattening processing, usual mirror polishing processing, or the like is applied at the
time of manufacturing press molds, and it is also acceptable for the " substantially flat surface " to have
convex portions and/or concave portions larger than the minute irregularities, if necessary. [0197]
Here, it is allowed for the convex portion larger than the minute irregularity to include a substantially
point-shaped convex portion and/or a substantially linear-shaped convex portion each having such a
height of 20 pm or less that those portions have a slight chance of bringing about the deterioration of
flow resistance and promoting the partial cooling of amolten glass gob. Note that, the height is
preferably 10 pm or less, more preferably 5 pm or less. Further, when the convex portion larger than
the minute irregularity is a trapezoid-shaped convex portion having a minimum width in top surface on
the order of several millimeters or more, or a dome-shaped convex portion having nearly the same
height and size as the trapezoid-shaped convex portion instead of the substantially point-shaped
convex portion and substantially linear-shaped convex portion, the above-mentioned chance of
bringing about the deterioration of flow resistance and promoting the partial cooling of a molten glass
gob becomes smaller, and hence the convex portion is allowed to have a height of 50 pm or less. Note
that, the height is preferably 30 pm or less, more preferably 10 pm or less. Further, from the viewpoint
of suppressing the occurrence of a crack due to stress concentration at the intersection part between
the bottom surface and a side surface of the trapezoid-shaped convex portion, it is preferred that the
side surface of the trapezoid-shaped convex portion be a flat surface having an angle of slope of 0.5 or
less with respect to the top surface, or be a curved surface created by modifying the flat surface to a
concave surface. Note that, the angle is more preferably 0.1 or less. [0198]         Further, it is allowed
for the concave portion larger than the minute irregularity to include a substantially point-shaped
concave portion and/or a substantially linear-shaped concave portion each having a depth of 20 pm or
less, in order that, for example, the deterioration of the flowability of molten glass flowing into the
concave portion at the time of press molding is not brought about. Note that, the depth is preferably 10
pm or less, more preferably 5 pm or less. Further, when the concave portion larger than the minute
irregularity is an inverted trapezoid-shaped concave portion having a minimum width in top surface on
the order of several millimeters or more, or an inverted dome-shaped concave portion having nearly
the same depth and size as the inverted trapezoid-shaped concave portion instead of the substantially
point-shaped concave portion and substantially linear-shaped concave portion, the above-mentioned
chance of bringing about the deterioration of the flowability becomes smaller, and hence the concave
portion is allowed to have a depth of 50 pm or less. Note that, the depth is preferably 30 pm or less,
more preferably 10 pm or less. Further, from the viewpoint of suppressing the occurrence of a crack
due to stress concentration at the intersection part between the bottom surface and a side surface of
the trapezoid-shaped convex portion, it is preferred that the side surface of the trapezoid-shaped
convex portion be a flat surface having an angle of slope of 0.5 or less with respect to the bottom
surface, or be a curved surface created by modifying the flat surface to a concave surface. Note that,
the angle is more preferably 0.1 or less. [0199]          Note that, as illustrated in FIG. 14 to FIG. 19, the
specific structure of the press mold 150 (and the press mold 160) is not specifically limited Insofar as
the press mold 150 Includes at least the press mold body 152 and the guide member 154 and the first
step and the second step may be carried out. However, it is preferred that the press mold 150 further
include, in addition to the press mold body 152 and the guide member 154, a first pushing member
and a second pushing member. Here, the first pushing member has at least the function of pushing the
press mold body 152 and the guide member 154 at the same time in a direction perpendicular to the
press-molding surface 152A and to the side of the press mold 160 which is placed to be opposed to
the press-molding surface 152A. The second pushing member has at least the function of, after the
guide member 154 and a part of the press mold 160 (guide member 164) which is placed to be
opposed to the press-molding surface 152A are brought into contact with each other by the first
pushing member, pushing the press mold body 152 in the direction perpendicular to the press-molding
surface 152A and to the side of the press mold 160 which is placed to be opposed to the
press-molding surface 152A. 
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the first pressing step illustrated in FIG. 7 is co mpleted being 

maintained.  Here, the duration time of the second pressing step is 

controlled so that the flatness of the glass blank is 10 µm or less (within 

10 µm). 

 [0097] 

 Note that, during a period from immediately after the start of 

the first pressing step at which the press-molding surfaces 52A and 62A 

and the molten glass gob 24 are brought into contac t with each other 

to when the second pressing step is completed, the temperature of the 

glass (the molten glass gob 24 and the plate glass 26) located between 

the press-molding surface 52A and the press-molding  surface 62A is, 

depending on the glass material used in the press m olding, generally 

significantly lowered from on the order of 1,200±50 °C to on the order 

of 480°C±20°C.  In addition to this, in the second pressing step, the 

plate glass 26 continues to be pressed, and thus, t he fluidity of the 

plate glass 26 is also lowered with time.  In parti cular, when the plate 

glass 26 continues to be pressed until the temperat ure is equal to or 

lower than a temperature which is 10°C higher than the strain point of 

the glass material forming the plate glass 26, the fluidity of the plate 

glass 26 is almost completely lost.  In consequence , in the second pressing 

step, as the temperature is significantly lowered i n this way, heat 

shrinkage of the plate glass 26 in the diameter dir ection progresses.  

On the other hand, in the second pressing step, the  press-molding surfaces 

52A and 62A which are in contact with both the surf aces of the plate 

glass 26 are thought to continue to absorb heat of the plate glass 26 

to thermally expand in an in-plane direction or, by  completing absorption 

of enough heat from the plate glass 26, stop therma l expansion in the 

in-plane direction or turn to mild heat shrinkage. 

 [0098] 

[0200] FIG. 20 is a schematic sectional view for illustrating one example of the press mold used in the
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
the second embodiment, and more specifically, a view for illustrating one example of the more specific
structures of the press molds 150 and 160. In FIG. 20, like reference numerals are used to designate
members similar to those Illustrated in FIG. 14 to FIG. 19. Further, a press mold 1503 Illustrated in
FIG. 20 is a corresponding to the press mold 150, but a similar structure may be adopted in the press
mold 160. Here, aprincipa 1 part of the press mold 1503 Includes the press mold body 152, the guide
member 154, a first pushing member 156, and a second pushing member 158. Central axes of the
members are coincident (dot-and-dash line X in the figure), and the central axes are substantially
coincident with the horizontal direction. [0201]          Here, the press mold body 152 is formed of a
circular cylinder having one end surface that forms the circular press-molding surface 152A. Note that,
the shape of thepressmold body 152 is a circular cylinder in the example Illustrated in FIG. 20, but the
shape is not specifically limited Insofar as the shape is substantially columnar. In the example
illustrated in FIG. 20, the press-molding surface 152A is a substantially flat surface. [0202]          The
guide member 154 is a hollow circular cylinder, which has a length in an axial direction X that is longer
than the length in the axial direction X of the press mold body 152 which is a circular cylinder, which
houses the press mold body 152 in an inner peripheral side, and which has one end surface (guide
surface 154A) that is brought into contact with the guide member of the other press mold (not shown in
the figure) when pushed by the first pushing member 156. Here, the difference between the length of
the guide member 154 and the length of the press mold body 152 in the axial direction X, in other
words, a height difference H between the guide surface 154A and the press-molding surface 152A in
the axial direction X, corresponds to a length which is approximately a half of the thickness of the glass
blank to be produced. Note that, the shape of the guide member 154 is a hollow circular cylinder, but
the shape is not specifically limited insofar as the shape is hollow columnar. [0203]         The first
pushing member 156 is formed of a disk-like member. Here, one surface (pushing surface 156A) of
the disk-like first pushing member 156 is a flat surface which is in contact with the other end surface
(pushed surface 152E) of the press mold body 152 and with the other end surface (pushed surface
15415) of the guide member 154. Further, a through hole 156H which pas ses through the first
pushing member 1 56 in the thickness direction is provided in a part of a region which is opposed to
the pushed surface 152E of the press mold body 152. Note that, a surface 156E which is opposite to
the pushing surface 156A is connected to a first drive (not shown). Therefore, in the press molding, by
the first drive, the press mold body 152 and the guide member 154 may be pushed at the same time
via the first pushing member 156 in the axial direction-X illustrated in the figure from the side on which
the first pushing member 156 is placed to the side on which the press mold body 152 and the guide
member 154 are placed. [0204]         Note that, in the example illustrated in FIG. 20, the shape of the
first pushing member 156 is a disk, but the shape is not specifically limited insofar as the shape is
substantially plate-like. Further, the through hole 156H is provided as a hole having a circular opening
along the central axis X of the press mold body 152 and the first pushing member 
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 More specifically, in the second pressing step, a difference occurs 

between the extent of the thermal expansion / heat shrinkage of both 

the surfaces of the plate glass 26 and that of the press-molding surfaces 

52A and 62A.  Therefore, in the second pressing ste p, force to extend 

in the diameter direction of the plate glass 26, th at is, force in the 

direction opposite to the heat shrinkage acts on bo th the surfaces of 

the plate glass 26 which is undergoing the heat shr inkage by the 

press-molding surfaces 52A and 62A.  However, in th e second pressing step, 

the fluidity of the plate glass 26 is significantly  lowered as the second 

pressing step progresses, and thus, if excessive st ress acts on the plate 

glass 26, brittle fracture in the plate glass 26 is  liable to occur.  

Therefore, if the force in the direction opposite t o the heat shrinkage 

always continues to act on both the surfaces of the  plate glass 26, excessive 

stress acts on the plate glass 26 in the in-plane d irection, which may 

result in a crack in the plate glass 26. 

 [0099] 

 In order to prevent such a crack in the plate glas s 26, (1) to 

use as a material forming the press molds 50 and 60  a material having 

the thermal expansion coefficient similar to that o f the glass material 

forming the plate glass 26, and in addition, (2) in  the second pressing 

step, to carry out cooling with the temperature of the plate glass 26 

and the temperatures of the press-molding surfaces 52A and 62A being 

synchronized with each other are thought of.  Howev er, the second pressing 

step involves the significant temperature change, a nd thus, in order 

to carry out the above-mentioned cooling, it is nec essary to cause the 

cooling speed to be very low.  However, in this cas e, time necessary for 

carrying out the second pressing step significantly  increases, and thus, 

there is a possibility that the mass productivity i s lowered significantly, 

which is not practical. 

156, but an arbitrary number of the through holes 156H may be provided at arbitrary positions in the
first pushing member 156 insofar as the positions are in a part of the region which is opposed to the
pushed surface 152E of the press mold body 152. Further, the shape of the opening of the through
hole 156H may be appropriately selected as well. However, it is particularly preferred that the through
hole(s) 156H be provided so as to have point symmetry with respect to the central axis X of the press
mold body 152. [0205]         The second pushing member 158 is formed of a rod-like member which is
placed within the through hole 156H and is connected to the pushed surface 152E side of the press
mold body 152. Note that, the shape of the second pushing member 158 is a circular cylindrical rod in
the example illustrated in FIG. 20, but the shape s not specifically limited insofar as the second
pushing member 158 may move the press mold body 152 in the X axis direction. Note that, an end of
the second pushing member 158 which is opposite to an end thereof connected to the pushed surface
152E side is connected to a second drive (not shown) . Therefore, in the press molding, by the second
drive, only the press mold body 152 may be pushed via the second pushing member 158 along the
axial direction X from the side on which the second pushing member 158 is placed to the side on
which the press mold body 152 is placed. [0206]         Note that, in the press molding, in order to
facilitate thin and uniform stretch of the molten glass gob 124, it is preferred that the temperature
distribution within the press-molding surface 152A be controllable to be uniform. In order to attain this,
(1) a heating member for heating the vicinity of an outer edge side of the press-molding surface 152A
may be provided, and/or (2) a flow path through which a cooling medium flows may be provided in the
press mold body 152 and at least in the vicinity of the central portion on the press-molding surface
152A side. [0207]          Here, the heating member may be, for example, a cylindrical heater placed on
an outer peripheral side of the guide member 154 or bar-like heaters in parallel with the axial direction
X which are placed at regular Intervals along a peripheral direction of the guide member 154. Note
that, these heaters may be built in the guide member 154, or may be placed so as to be embedded on
an outer peripheral surface side of the press mold body 152. Further, as the cooling liquid, a liquid
such as water, a gas such as air, a gas in which a liquid is dispersed by being sprayed, or the like may
be used. [0208]          Further, as the press molds 150 and 160, a press mold illustrated in FIG. 21 may
be used. FIG. 21 is a schematic sectional view illustrating another example of the press mold used in
the method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to the second embodiment. Note that, in FIG. 21, like reference numerals are used to designate
members having substantially the same or similar functions as those illustrated in FIG. 20. [0209]
Here, a principal part of a press mold 200 Illustrated in FIG. 21 includes the press mold body 152, the
guide member 154, the first pushing member 156, and the second pushing member 158. Central axes
of the members (dot-and-dash line X in the figure) are coincident, and the central axes are
substantially coincident with the horizontal direction. Note that, the press mold 200 illustrated in FIG.
21 and the press mold 1503 Illustrated in FIG. 20 are similar in including the press mold body 



 50

 [0100] 

 Taking into consideration the points described abo ve, in order 

to prevent a crack in the plate glass 26 in the sec ond pressing step 

with more reliability, it is preferred that, in the  second pressing step, 

a press pressure be reduced with time.  In this cas e, reduction of the 

press pressure reduces friction coefficients betwee n both the surfaces 

of the plate glass 26 and the press-molding surface s 52A and 62A, 

respectively.  As a result, slippage occurs between  both the surfaces 

of the plate glass 26 and the press-molding surface s 52A and 62A, 

respectively, which facilitates interruption of for ce which acts on both 

the surfaces of the plate glass 26 in the opposite direction to the heat 

shrinkage and which is a cause of a crack.  The phr ase "press pressure 

is reduced with time " as used herein includes, in the second pressing 

step, not only a case in which the press pressure i s reduced with time 

but also a case in which, even if the press pressur e is temporarily increased 

or maintains a fixed value with time, when change i n press pressure with 

time is approximated by a linear equation, the slop e thereof is negative.  

Further, the press pressure may be reduced stepwise  with time, or may 

be reduced continuously with time. 

 [0101] 

 Note that, when the press pressure is reduced step wise with time, 

the press pressure is preferably reduced when the t emperature of the 

plate glass 26 sandwiched between the first press m old 50 and the second 

press mold 60 is lowered to a range of ±30°C from t he defromation point 

of the glass material forming the plate glass 26.  This enables more 

effective suppression of a crack in the plate glass  26 with relatively 

simple control of the press pressure.  Note that, i n this case, from the 

viewpoint of accomplishing in balance both the supp ression of a crack 

in the plate glass 26 with reliability and the supp ression of deterioration 

152, the guide member 154, the first pushing member 156, and the second pushing member 158, but
are greatly different from each other mainly in the following points. That is, compared with the case of
the press mold 1503 illustrated in FIG. 20, in the press mold 200 illustrated in FIG. 21, (1) the press
mold body 152 and the guide member 154 are placed so that an outer peripheral surface of the press
mold body 152 and an inner peripheral surface of the guide member 154 are substantially distanced
from each other, (2) the press mold body 152 and the first pushing member 156 are placed so that the
pushed surface 152E of the press mold body 152 and the pushing surface 156A of the first pushing
member 156 are substantially distanced from each other, and (3) a support member 170 is placed
between the pushed surface 152E and the pushing surface 156A along the outer peripheral side of the
pushed surface 152E. [0210]          Here, the press mold body 152 is formed of a circular cylinder
having one end surface that forms the circular press-molding surface 152A. Note that, the shape of the
press mold body 152 is a disk in the example illustrated in FIG. 20, but the shape is not specifically
limited insofar as the shape is substantially disk. In the example illustrated in FIG. 21, the
press-molding surface 152A is a substantially flat surface. Further, the support member 170 is placed
so as to be fixed to any one of the pushed surface 152E and the pushing surface 156A, and is
movable away from the other surface. Note that, as the support member 170, for example, a ring-like
member may be used. [0211]          In the press mold 200 illustrated in FIG. 21, the first pushing
member 156 may push the guide member 154 to the other press mold which is placed to be opposed
to the press mold 200. In this case, at the same time, the press mold body 152 is also pushed via the
support member 170 to the other press mold which is placed to be opposed to the press mold 200.
Further, the second pushing member 158 may push only the press mold body 152 to the other press
mold which is placed to be opposed to the press mold 200. Note that, in the example Illustrated in FIG.
20, in the press molding, a pressing force is applied to the press mold body 152 (1) in the vicinity of a
central portion or (2) in the vicinity of an outer edge portion of the pushed surface 152E. Therefore, it is
preferred that conditions of the press such as the thickness, the material, the strength, and the like of
the press mold body 152, the strength and the like of the support member 170, or the press pressure
are selected so that the press mold body 152 does not warp no matter where among the locations of
(1) and (2) the pressing force is applied. [0212]          Note that, the example illustrated in FIG. 14 to
FIG. 19 Is directed to the second pressing process . When the first pressing process is carried out, for
example, only one of the pair of press molds needs to employ the press mold 150S Illustrated in FIG.
20 or the press mold 200 illustrated in FIG. 21. In this case, as the other press mold, for example, a
press mold which is substantially formed of only a press mold body portion such as a simple disk-like
member or cylindrical member to be described below (for example, a press mold 310 to be described
below Illustrated in FIG. 23) may be used. In this case, for example, in the first step, a part of the other
press mold (for example, the press-molding surface thereof) and the guide surface 154A are brought
into contact with each other, and, in the second step, the press mold body 152 is further pushed to the
side of the other press mold under the state in which the part of the other press mold and the guide
surface 154A are in contact with each other. [0213] -Glass Material-         The glass material used in
the method of manufacturing a glass blank according to the second embodiment is not specifically
limited insofar as the glass material has physical properties suitable for a magnetic recording medium
glass substrate, in particular, a high thermal expansion coefficient, further, high stiffness, or heat
resistance and the like, and, at the same time, the glass material may be easily press-molded into a
plate shape by the horizontal direct press. It is desired that the thermal expansion coefficient be similar
to the thermal expansion coefficient of a holder for holding the magnetic recording medium. More
specifically, the average linear expansion coefficient at 100 to 300C is preferably 70x1077/0 or more,
more preferably 75x1077/0 ormore, stillmore preferably 80x1077/0 ormore, yet stillmore preferably
85x1077/0 or more. The upper limit of the average linear expansion coefficient is not specifically
limited, but, practically, preferably 120x1077/0 or less. For the purpose of reducing deflection which is
caused when the magnetic recording medium rotates at high speed, a glass material havinghigh
stiffness is desired. More specifically, the Young' s modulus is preferably 70 GPa or more, more
preferably 75 GPa or more, still more preferably 80 GPa or more, yet still more preferably 85 GPa or
more. The upper limit of the Young's modulus is not specifically limited, but, practically, preferably 120
GPa or less. Further, by using a glass material which is excellent in heat resistance, the substrate may
be processed at a high temperature in the process of manufacturing a magnetic recording medium,
and hence, the glass transition temperature of the glass material is preferably 600C or more, more
preferably 610C or more, still more preferably 620C or more, yet still more preferably 630C or more.
Note that, the upper limit of the glass transition temperature is not specifically limited, but, froma
practical viewpoint of suppressing temperature rise in the press molding and the like, is preferably
78000 or less. Using a glass material which has a high thermal expansion coefficient, high stiffness,
and heat resistance is effective in obtaining a glass substrate suitable for a magnetic recording
medium having a high recording density. 
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of the flatness, the press pressure is preferably i n a range of on the 

order of 1% to 10% after the reduction with that be fore the reduction 

being 100%. 

 [0102] 

 Further, in the second pressing step, instead of r educing the press 

pressure with time, the press pressure may be chang ed in a wavelike manner 

with time.  In this case, for example, the press pr essure may be changed 

periodically like rectangular waves or sine waves w ith time.  In this 

case, when the press pressure reaches the vicinity of a minimum with 

time, the friction coefficients between both the su rfaces of the plate 

glass 26 and the press-molding surfaces 52A and 62A , respectively, are 

reduced.  As a result, slippage occurs between both  the surfaces of the 

plate glass 26 and the press-molding surfaces 52A a nd 62A, respectively, 

which facilitates interruption of force which acts on both the surfaces 

of the plate glass 26 in the opposite direction to the heat shrinkage 

and which is a cause of a crack. 

 [0103] 

 Note that, in the second pressing step, heat shrin kage of the plate 

glass 26 occurs not only in the diameter direction but also in a thickness 

direction although the amount thereof is small.  Th erefore, during the 

second pressing step, there are some cases in which  a small gap is formed 

between the press-molding surfaces 52A and 62A and the plate glass 26, 

respectively.  In this case, when a gap is formed, compared with a case 

in which the press-molding surface 52A and the pres s-molding surface 

62A are in intimate contact with the plate glass 26  without a gap, the 

heat conduction efficiency between the two members is lowered.  As a 

result, a temperature distribution between both the  surfaces of the plate 

glass 26 or within the surfaces is liable to occur.   Such a temperature 

distribution causes a viscosity distribution (nonun iform fluidity) in 

[0214]         As the composition of the glass material, a composition which may easily materialize
physical properties suitable for a magnetic recording medium glass substrate may be appropriately
selected, and for example, a glass composition of a conventional glass material for the vertical direct
press may be appropriately selected, but it is preferred that aluminosilicate glass be selected. Note
that, a composition of aluminosilicate glass described below is particularly preferred, because all of
heat resistance, high stiffness, and a high thermal expansion coefficient may be easily accomplished
in a well-balanced way. [0215]          That is, it is preferred that the glass composition of the glass
(hereinafter, referred to as "Glass Composition 1"), expressed in mol%, include 50 to 75% of 3i02, 0 to
5% of Al203, 0 to 3% of Li20, 0 to 5% of ZnO, 3 to 15% in total of at least one kind of component
selected from Na20 and K20, 14 to 35% in total of at least one kind of component selected from MgO,
Ca, Sr0, and Ba0, and 2 to 9% in total of at least one kind of component selected from Zr02, Ti02,
La203, Y203, Yb203, Ta205, Nb205, and Hf02, and  
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the plate glass 26, and thus, warpage of the plate glass 26 is liable 

to occur and the flatness of the obtained glass bla nk is liable to be 

deteriorated. 

 [0104] 

 Taking into consideration the points described abo ve, it is 

preferred that, during the second pressing step, on e surface of the plate 

glass 26 and the press-molding surface 52A of the f irst press mold 50 

be always in intimate contact with each other witho ut a gap and the other 

surface of the plate glass 26 and the press-molding  surface 62A of the 

second press mold 60 be always in intimate contact with each other without 

a gap.  In this case, as the pair of press molds, p ress molds having the 

press-molding surfaces which are excellent in follo wability to the heat 

shrinkage of the plate glass 26 in the thickness di rection may be used.  

As such press molds, specifically, press molds of t he guide-memberless 

type formed of the press mold bodies 52 and 62 whic h are formed by removing 

the guide members 54 and 64 from the press molds 50  and 60, respectively, 

or the press molds 50 and 60 of the separate type i n which the press 

mold bodies 52 and 62 and the guide members 54 and 64 are formed as separate 

members, respectively, may be used.  Note that, whe n the press molds 50 

and 60 of the separate type are used, in the second  pressing step, by 

pressing only the press mold body 52 in the directi on of the arrow X1 

and pressing only the press mold body 62 in the dir ection of the arrow 

X2, the press pressure is applied to the plate glas s 26. 

 [0105] 

-Taking Out Step- 

 After the second pressing step is carried out, the  taking out step 

is carried out in which the first press mold 50 and  the second press 

mold 60 are moved away from each other and the plat e glass 26 sandwiched 

between the first press mold 50 and the second pres s mold 60 is taken 

the molar ratio ((Mg0+Ca0)/(Mg0+Ca0+Sr0+Ba0)} be in the range of 0.8 to 1 and the molar ratio
(P51203/(Mg0+Ca0)} be in the range of 0 to 0.30. [0216]         A preferred range of the average linear
expansion coefficient of Glass Composition 1 at 100 to 300C is 70x1077/C or more, a preferred range
of the glass transition temperature is 630C or more, and a preferred range of the Young's modulus is
80 GPa or more. Glass Composition 1 is suitable as a material of a magnetic recording medium glass
substrate of an energy-assisted method using a high Ku magnetic material. [0217]          Further, as a
glass material which has a high thermal expansion coefficient, which is excellent in acid resistance and
alkali resistance, which reduces the amount of alkaline elution from a surface of the substrate, and
which is suitable for chemical strengthening, one having the following glass composition (hereinafter
referred to as "Glass Composition 2") may be presented. [0218]          That is, Glass Composition 2
includes, as a composition expressed in mol%, 70 to 85% in total of 5i02 and Al203, provided that the
content of 3i02 is 50% or more and the content of Al203 is 3% or more, 10% or more in total of Li20,
Na20, and K20, 1 to 6% in total of MgO and Ca, provided that the content of Ca is higher than the
content of MgO, and more than 0% and 4% or less in total of Zr02, Ci02, La203, Y203, YID203,
Ta205, Nb205, and Hf02. [0219] (Method of Manufacturing Magnetic Recording Medium Glass
Substrate) The method of manufacturing a magnetic recording medium glass 
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out.  The taking out step may be carried out as, fo r example, described 

in the following.  First, as illustrated in FIG. 8,  the first press mold 

50 is moved in the direction of the arrow X2 and th e second press mold 

60 is moved in the direction of the arrow X1 so tha t the first press 

mold 50 and the second press mold 60 are moved away  from each other.  

This releases the press-molding surface 62A from th e plate glass 26.  

Next, as illustrated in FIG. 9, the plate glass 26 is released from the 

press-molding surface 52A, and the plate glass 26 i s caused to fall to 

the downward Y1 side in the vertical direction and is taken out.  Note 

that, when the plate glass 26 is released from the press-molding surface 

52A, by applying force from an outer peripheral dir ection of the plate 

glass 26, the plate glass 26 may be released as if the plate glass 26 

is stripped off.  In this case, the plate glass 26 may be taken out without 

applying great force thereto.  Note that, in taking  out the plate glass 

26, the plate glass 26 may be released from the pre ss-molding surface 

62A after the plate glass 26 is released from the p ress-molding surface 

52A.  Finally, the plate glass 26 which is taken ou t is annealed as 

necessary to reduce or remove strain thereon, and a  base material from 

which the magnetic recording medium glass substrate  is formed, that is, 

the glass blank, is obtained. 

 [0106] 

-Glass Blank- 

 With regard to the glass blank obtained by the met hod of 

manufacturing a glass blank according to the first embodiment described 

above, the flatness may be caused to be 10 µm or less(within 10 µm), 

and it is extremely easy to even cause the flatness  to be 4 µm or less(within 

4 µm).  Note that, from the viewpoint of eliminating o r shortening 

downstream steps such as a lapping step which are c arried out mainly 

for the purpose of improving the flatness, the flat ness is preferably 

substrate according to the second embodiment is characterized in that a magnetic recording medium
glass substrate is manufactured by at least going through a polishing step of polishing the main
surface of a glass blank manufactured by the method of manufacturing a glass blank for a magnetic
recording medium glass substrate according to the second embodiment. Hereinafter, specific
examples of steps involved in the processing of a glass blank into a magnetic recording medium glass
substrate are described in more detail. [0220]         First, scribing is performed on a glass blank
obtained by carrying out the press molding. The scribing refers to providing cutting lines (line-like
flaws) like two concentric circles (inner concentric circle and outer concentric circle) with a scriber
made of cemented carbide or formed of diamond particles on a surface of a molded glass blank, in
order to process the molded glass blank into a ring shape having a predetermined size. The glass
blank having scribed thereon the two concentric circles is partially heated, and the outside portion of
the outer concentric circle and the inside portion of the inner concentric circle are removed by virtue of
the difference in thermal expansion of glass, thereby yielding a disk-shaped glass having a perfect
circle shape . [0221]         When scribe processing is carried out, if the roughness of the main surfaces
of the glass blank is 1 pm or less, cutting lines can be suitably provided by using a scriber. Note that,
in the case where the roughness of the main surfaces of the glass blank exceeds 1 pm, a scriber does
not follow the irregularities of the surface and it may become difficult to provide cutting lines uniformly.
In this case, after the main surfaces of the glass blank are made smooth, scribing is performed. [0222]
Next, the scribed glass undergoes shape processing. The shape processing includes chamfering
(chamfering of an outer peripheral end portion and an inner peripheral end portion). In the chamfering,
the outer peripheral end portion and inner peripheral end portion of the ring-shaped glass are
chamfered with a diamond grinding stone. [0223]         Next, the dis]c-shaped glass undergoes end
surface polishing. In the end surface polishing, the inner peripheral side end surface and outer
peripheral side end surface of the glass undergo mirror finish by brush polishing. In this case, there is
used a slurry including fine particles of cerium oxide or the like as free abrasive grains. The end
surface polishing removes contamination caused by attachment of dust or the like and impair such as
damage or flaws on or in the end surfaces of the glass. As a result, precipitation of ions of sodium,
potassium, and the like causing corrosion can be prevented from occurring. [0224] 
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4 µm or less(within 4 µm). 

 [0107] 

 Note that, the method of manufacturing a glass bla nk according 

to the first embodiment is suitable for manufacturi ng a thinner glass 

blank having good flatness.  Specifically, the meth od is suitable for 

manufacturing a glass blank having a thickness of 2  mm or less and a 

flatness of 10 µm or less (within 10 µm).  The thickness is more preferably 

1.5 mm or less, still more preferably 1.2 mm or les s, yet more preferably 

1.0 mm or less. 

 [0108] 

-Press Mold- 

 It is preferred to use a metal or an alloy as a ma terial for forming 

each of the press molds 50 and 60 in view of heat r esistance, workability, 

and durability.  In this case, in view of the tempe rature of molten glass, 

the heat resistant temperature of the metal or allo y for forming each 

of the press molds 50 and 60 is preferably 1,000°C or more, more preferably 

1,100°C or more.  Specific examples of the material  for forming each of 

the press molds 50 and 60 preferably include ferrum  casting ductile (FCD), 

alloy tool steel (such as SKD61), high-speed steel (SKH), cemented carbide, 

Colmonoy, and Stellite.  Note that, it may be possi ble to control the 

press molding by cooling the press molds 50 and 60 by using a cooling 

medium such as water or air so that the temperature s of the press molds 

50 and 60 do not rise.  Further, for the purpose of  causing the temperature 

distribution within the press-molding surfaces 52A and 62A to be uniform, 

the cooling medium may be used to cool the vicinity  of the central portions 

of the press-molding surfaces 52A and 62A and/or a heating member such 

as a heater may be placed on outer peripheral sides  of the press molds 

50 and 60 to heat the outer edge sides of the press -molding surfaces 

52A and 62A. 

Next, first polishing is carried out on the main surfaces of the disk-shaped glass. The purpose of the
first polishing is to remove flaws and strain remaining in the main surfaces. Amachining allowance
removed by the first polishing is, for example, several pm to about 10 pm. As a grinding step involving
a large amount of a machining allowance is not required to be performed, flaws, strain, and the like,
which are caused by the grinding step, are not generated in the glass. Thus, the first polishing step
involves a small amount of a machining allowance. [0225]         In the first polishing step and the
second polishing step described below, a double-side polishing apparatus is used. The double-side
polishing apparatus is an apparatus for carrying out polishing with polishing pads by relatively moving
a disk-shaped glass and the polishing pads. The double-side polishing apparatus includes a polishing
carrier fitting portion having an internal gear and a sun gear which are each rotationally driven at a
predetermined rotation rate and also includes an upper surface plate and a lower surface plate which
are rotationally driven in opposite directions to each other with the polishing carrier fitting portion being
sandwiched by both the plates. On each surface facing a disk-shaped glass of the upper surface plate
and lower surface plate, the polishing pads described below are attached. Each polishing carrier fitted
so as to be engaged with each of the internal gear and the sun gear performs a planetary gear motion,
that is, revolves around the sun gear while spinning. [0226]         The each polishing carrier holds a
plurality of disk-shaped glasses. The upper surface plate is movable in the vertical direction and
presses each polishing pad onto the front and back main surfaces of each disk-shaped glass. Then,
while a slurry (polishing liquid) containing polishing abrasive grains (polishing material) is being
supplied, the disk-shaped glass and the polishing pad move relatively owning to the planetary gear
motion of the polishing carrier and the phenomenon that the upper surface plate and the lower surface
plate rotate in opposite directions to each other. As a result, the front and back main surfaces of each
disk-shaped glass is polished. Note that, in the first polishing step, a hard resin polisher, for example,
is used as the polishing pad and cerium oxide abrasive grains, for example, are used as the polishing
material. [0227]         Next, the disk-shaped glass after the first polishing is subjected to chemical
strengthening. It is possible touse amolten salt ofpotassium nitrate or the like as a chemical
strengthening solution. In the chemical strengthening, the chemical strengthening solution is heated to,
for  example, 30000 to 400C, and a cleaned glass is pre-heated to, for example, 200C to 300C and
then immersed in the chemical strengthening solution for, for example, 3hoursto 4hours. The
immersion is preferably performed under a state in which a plurality of glasses are contained in a
holder so as to be held by their end surfaces so that both main surfaces of each of the glasses entirely
undergo chemical strengthening. [0228]         Each glass is immersed in the chemical strengthening
solution, as described above, and as a result, sodium ions in the surface layers of the glass are
substituted by potassium ions each having a relatively large ion radius in the chemical strengthening
solution, respectively, forming a compressive stress layer with a thickness of about 50 to 200 pm.
Thus, the glass is strengthened and is provided with good impact resistance.
Notethat,theglasshavingundergonechemicalstrengthening treatment is cleaned. For example, the
glass is cleaned with sulfuric acid and then cleaned with pure water, isopropyl alcohol (IPA), or the
like. 
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 [0109] 

 Further, regions (molten glass stretching regions S1 and S2) in 

contact with at least the plate glass 26 of the pre ss-molding surfaces 

52A and 62A of the first press mold 50 and the seco nd press mold 60, 

respectively, may be surfaces having formed thereon  as significant an 

irregular portion as, for example, a convex portion  for forming in the 

surfaces of the glass blank a V-shaped groove or th e like having the 

depth on the order of 1/3 to 1/4 of the thickness t hereof, but, usually, 

it is preferred that the regions be substantially f lat surfaces.  Note 

that, the whole of the press-molding surfaces 52A a nd 62A may be 

substantially flat surfaces.  A reason for this is that, when a large 

V-shaped groove is formed in the glass blank, a cra ck defect which is 

assumed to be due to stress concentration on the V- shaped groove portion 

is liable to be caused.  In addition to this, when a significantly irregular 

portion is formed in the molten glass stretching re gions S1 and S2, heat 

shrinkage of the plate glass 26 in the diameter dir ection in the second 

pressing step is prevented.  Therefore, excessive s tress is produced in 

the plate glass 26 in the in-plane direction, which  causes the plate 

glass 26 to be liable to be cracked. 

 [0110] 

 Here, the term "substantially flat surface" not on ly means a usual 

flat surface whose curvature is substantially zero,  but also means a 

surface having such a very small curvature that a s lightly convex surface 

or a slightly concave surface is formed.  Further, it is naturally allowed 

for the "substantially flat surface" to have minute  irregularities which 

are formed when usual flattening processing, usual mirror polishing 

processing, or the like is applied at the time of m anufacturing press 

molds, and it is also acceptable for the " substant ially flat surface 

" to have convex portions and/or concave portions l arger than the minute 

[0229]         Next, the glass which has undergone chemical strengthening and has been cleaned
sufficiently is subjected to second polishing. A machining allowance removed by the second polishing
is, for example, about 1 pm. [0230]         The purpose of the second polishing is to finish the main
surfaces like mirror surfaces . In the secondpolishing step, the disk-shapedglass is polished by using a
double-side polishing apparatus as in the first polishing step, but the composition of polishing abrasive
grains contained in a polishing liquid (slurry) to be used and the composition of a polishing pad are
different from those in the first one. In the second polishing  step, there are used polishing abrasive
grains each having a smaller diameter and a softer polishing pad compared with those in the first
polishing step. For example, in the second polishing step, a soft foamed resin polisher, for example, is
used as the polishing pad, and finer cerium oxide abrasive grains than the cerium oxide abrasive
grains used in the first polishing step are, for example, used as the polishing material. [0231]         The
disk-shaped glass polished in the second polishing step is again cleaned. In the cleaning, a neutral
detergent, pure water, or IPA is used. The second polishing yields a glass substrate for a magnetic
disk having a main surface flatness of 4 pm or less and a main surface roughness of 0.2 nm or less.
After that, various layers such as a magnetic layer are formed on the glass substrate for a magnetic
disk, and a magnetic disk is produced. [0232]         Note that, the chemical strengthening step is
carried out between the first polishing step and the second polishing step, and the order of these steps
is not limited to this order. As long as the second polishing step is carried out after the first polishing
step, the chemical strengthening step can be arbitrarily arranged. For example, the order of the first
polishing step, the second polishing step, and the chemical strengthening step (hereinafter, referred to
as "Routing]." maybe adopted. Note that, if Routing 1 is adopted, surface irregularities that may be
produced by the chemical strengthening step are not removed, and hence more preferred is the
routing of the first polishing step, the chemical strengthening step, and the second polishing step.
[0233] Note that, in manufacturing a magnetic recording medium glass 
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irregularities, if necessary. 

 [0111] 

 Here, it is allowed for the convex portion larger than the minute 

irregularity to include a substantially point-shape d convex portion 

and/or a substantially linear-shaped convex portion  each having such 

a height of 20 µm or less that those portions have a slight chance of 

bringing about the deterioration of flow resistance  and promoting the 

partial cooling of a molten glass gob.  Note that, the height is preferably 

10 µm or less, more preferably 5 µm or less.  Further, when the convex 

portion larger than the minute irregularity is a tr apezoid-shaped convex 

portion having a minimum width in top surface on th e order of several 

millimeters or more, or a dome-shaped convex portio n having nearly the 

same height and size as the trapezoid-shaped convex  portion instead of 

the substantially point-shaped convex portion and s ubstantially 

linear-shaped convex portion, the above-mentioned c hance of bringing 

about the deterioration of flow resistance and prom oting the partial 

cooling of a molten glass gob becomes smaller, and hence the convex portion 

is allowed to have a height of 50 µm or less.  Note that, the height is 

preferably 30 µm or less, more preferably 10 µm or less.  Further, from 

the viewpoint of suppressing the occurrence of a cr ack due to stress 

concentration at the intersection part between the bottom surface and 

a side surface of the trapezoid-shaped convex porti on, it is preferred 

that the side surface of the trapezoid-shaped conve x portion be a flat 

surface having an angle of slope of 0.5° or less wi th respect to the 

top surface, or be a curved surface created by modi fying the flat surface 

to a concave surface.  Note that, the angle is more  preferably 0.1° or 

less. 

 [0112] 

 Further, it is allowed for the concave portion lar ger than the 

substrate, the flatness of the glass blank used in the processing and the flatness of the produced
magnetic recording medium glass substrate may be caused to be substantially the same. As a flatness
required of amagneticrecordingmediumglass substrate, for example, in recent years, a flatness which
is 10 pm or less(within 10pm) is required with regard to a 2.5-inch glass substrate. Such flatness may
be easily accomplished by a glass blank produced by the method of manufacturing a glass blank
according to the second embodiment of the present invention. The "flatness of the glass blank used in
the processing and the flatness of the produced magnetic recording medium glass substrate are
substantially the same" as used herein means that the flatness of the glass blank is 105% or less with
the required flatness of the magnetic recording medium glass substrate being the reference (100%).
[0234]         Note that, when the flatness of the glass blank used in the processing and the flatness of
the produced magnetic recording medium glass substrate are caused to be substantially the same, a
step such as a lapping step which is carried out with one of the main purposes thereof being to
improve the flatness may be eliminated. [0235] (Method of Manufacturing Magnetic Recording
Medium)         A method of manufacturing a magnetic recording medium according to the second
embodiment of the present invention is characterized in that a magnetic recording medium is produced
by at least going through a magnetic recording layer-forming step of forming a magnetic recording
layer on a magnetic recording medium glass substrate produced by the method of manufacturing a
magnetic recording medium glass substrate according to the second embodiment of the present
invention. [0236]         A magnetic recording medium is also called, for example, a magnetic disk or a
hard disk, and is suitable for internal storages (such as fixed disks) for desk top computers, server
computers, notebook computers, mobile computers, and the like, internal storages for portable
recording and reproducing devices used for recording and reproducing images and/or sounds,
recording and reproducing devices for in-car audio systems, and the like. [0237]         The magnetic
recording medium has, for example, a configuration in which at least an adherent layer, an undercoat
layer, a magnetic layer (magnetic recording layer), a protective layer, and a lubricant layer are
laminated on the main surface of a substrate sequentially, starting from the layer close the main
surface of the magnetic recording medium glass substrate. For example, ama gneticrecordingme di
um glass substrate is introduced into a film-forming apparatus in which pressure is reduced, and each
layer from the adherent layer to the magnetic layer is sequentially formed on the main surface of the
magnetic recordingme di um glass substrate in an Ar atmosphere by using a DC magnetron sputtering
method. There can be used, for example, CrTi as the adherent layer, and, for example, CrRu as the
undercoat layer. After the above-mentioned film formation, the protective layer is formed with 02H4
gas by using, for example, a CVD method, and then, nitriding treatment including introducing nitrogen
into the surface is carried out in the same chamber, thereby being able to form the magnetic recording
medium. After that, for example, polyfluoropolyether (PFPE) is applied on the protective layer by a dip
coating method, thereby being able to form the lubricant layer. [0238] 
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minute irregularity to include a substantially poin t-shaped concave 

portion and/or a substantially linear-shaped concav e portion each having 

a depth of 20 µm or less, in order that, for example, the deterior ation 

of the flowability of molten glass flowing into the  concave portion at 

the time of press molding is not brought about.  No te that, the depth 

is preferably 10 µm or less, more preferably 5 µm or less.  Further, when 

the concave portion larger than the minute irregula rity is an inverted 

trapezoid-shaped concave portion having a minimum w idth in top surface 

on the order of several millimeters or more, or an inverted dome-shaped 

concave portion having nearly the same depth and si ze as the inverted 

trapezoid-shaped concave portion instead of the sub stantially 

point-shaped concave portion and substantially line ar-shaped concave 

portion, the above-mentioned chance of bringing abo ut the deterioration 

of the flowability becomes smaller, and hence the c oncave portion is 

allowed to have a depth of 50 µm or less.  Note that, the depth is preferably 

30 µm or less, more preferably 10 µm or less.  Further, from the viewpoint 

of suppressing the occurrence of a crack due to str ess concentration 

at the intersection part between the bottom surface  and a side surface 

of the trapezoid-shaped convex portion, it is prefe rred that the side 

surface of the trapezoid-shaped convex portion be a  flat surface having 

an angle of slope of 0.5° or less with respect to t he bottom surface, 

or be a curved surface created by modifying the fla t surface to a concave 

surface.  Note that, the angle is more preferably 0 .1° or less. 

 [0113] 

 In the method of manufacturing a glass blank accor ding to the first 

embodiment of the present invention, as the press m olds, as already 

described, (1) press molds of the guide-memberless type, (2) the press 

molds 50 and 60 of the integral type in which the p ress mold bodies 52 

and 62 and the guide members 54 and 64 are integral ly formed, respectively, 

The size of the magnetic recording medium is not specifically limited. However,
themagneticrecordingmediumglass substrate is formed of a glass material which is excellent in impact
resistance, and hence, it is suitable that the size is 2.5 inch or smaller which is conveniently portable
and highly likely to be exposed to impact from the outside. [0239] <Third Embodiment> (Method of
Manufacturing Glass Blank for Magnetic Recording Medium Glass Substrate)         According to a third
embodiment of the present invention, there is provided a method of manufacturing a glass blank for a
magnetic recording medium glass substrate (hereinafter, sometimes abbreviated as "glass blank")
(hereinafter, sometimes abbreviated as "method of manufacturing a glass blank"), including a
press-molding step of press-molding a plate glass by directly pressing a molten glass gob by using a
pair of press molds which are placed so as to be opposed to each other and have substantially the
sametemperature. Inthepress-moldingstep, the molten glass gob continues to be pressed by the pair
of press molds until the temperature of the molten glass gob is equal to or lower than a temperature
which is 10C higher than the strain point of a glass material forming the plate glass. [0240]         A
high-temperature press-molded product is easily deformable. Thus, the molten glass gob continues to
be pressed by the pair of press molds until the temperature of the molten glass gob is equal to or lower
than the above-mentioned temperature, to thereby prevent the deformation and manufacture a glass
blank of a desired shape. In this case, it is preferred that the molten glass gob continue to be pressed
by the pair of press molds until the temperature of the molten glass gob is equal to or lower than the
glass transition temperature of the glass material. [0241]         Further, it is preferred to perform
annealing after maintaining a state in which the molten glass gob and the pair of press molds are
brought into intimate contact with each other until the temperature of the molten glass gob is equal to
or lower than the strain point of the glass material. In the case where annealing is performed after the
press molding so as to eliminate (release) the strain inside the glass blank, if the press is merely
continued until the temperature of the molten glass gob is equal to or lower than a temperature which
is 10C higher than the strain point, there is a fear that the strain remains inside the glass blank.
However, by maintaining the state in which the molten glass gob and the pair of press molds are
brought into intimate contact with each other until the temperature of the molten glass gob is equal to
or lower than the strain point, the process of cooling the glass blank can be controlled, and the strain
inside the glass blank can be removed. As a result, a glass blank whose flatness is less easily
deteriorated even after annealing can be obtained. Note that, the "state in intimate contact" includes a
state in which the molten glass gob continues to be pressed by the pair of press molds, and a state in
which the pair of press molds are maintained in intimate contact with the molten glass gob without
applying force to the molten glass gob. [0242] 
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(3) the press molds 50 and 60 of the separate type in which the press 

mold bodies 52 and 62 and the guide members 54 and 64 are formed as separate 

members, respectively, or the like may be used.  Fr om the viewpoint of 

accomplishing both the excellent flatness and the s maller thickness 

deviation in the most balanced way, it is most pref erred that, among 

these three kinds of press molds, the press molds 5 0 and 60 of the separate 

type be used. 

 [0114] 

 Here, it is preferred that, as the press molds 50 and 60 of the 

separate type, specifically, ones having a structur e described below 

be used.  That is, it is preferred that the press m old 50 (or the press 

mold 60) of the separate type at least include the press mold body 52 

having the press-molding surface 52A substantially perpendicular to the 

horizontal direction, the guide member 54 having at  least the function 

of maintaining a substantially fixed distance betwe en the press-molding 

surfaces 52A and 62A of the pair of press molds 50 and 60, respectively, 

in the press molding, by, when pushed to the side o f the other press 

mold 60 which is placed so as to be opposed to the press-molding surface 

52A, being brought into contact with a part of the other press mold 60, 

a first pushing member for pushing at the same time  the press mold body 

52 and the guide member 54 in a direction substanti ally perpendicular 

to the press-molding surface 52A and to the other p ress mold 60 side, 

and a second pushing member for, after the first pu shing member brings 

the guide member 54 and a part of the other press m old 60 into contact 

with each other, pushing the press mold body 52 in a direction substantially 

perpendicular to the press-molding surface 52A and to the press mold 

60 side. 

 [0115] 

 FIG. 10 is a schematic sectional view for illustra ting one example 

Further, the press-molding step may include a first pressing step for determining the thickness of the
plate glass and a second pressing step for improving the flatness of the plate glass, and the first
pressing step and the second pressing step may be carried out continuously by using the pair of press
molds. Further, it is preferred that the press-molding step be carried out so that the thickness of the
plate glass is 2 mm or less and the flatness thereof is 10 pm or less (within 10 pm). Note that, the
method of manufacturing a glass blank according to the third embodiment of the present invention is
suitable for manufacturing a thinner flat glass blank, and hence the thickness is more preferably 1.5
mm or less, still more preferably 1.2 mm or less, yet more preferably 1.0 mm or less. [0243]         Note
that, the method of manufacturing a glass blank according to the third embodiment of the present
invention may be combined with the modes of the method of manufacturing a glass blank according to
the first embodiment or the method of manufacturing a glass blank according to the first embodiment.
Further, the method of manufacturing a glass blank for a magnetic recording medium glass substrate
according to the third aspect of the present invention may be combined with the modes of the method
of manufacturing a glass blank according to the second embodiment or the method of manufacturing a
glass blank according to the second embodiment. [0244] (Method of Manufacturing Magnetic
Recording Medium Glass Substrate)         A method of manufacturing a magnetic recording medium
glass substrate according to the third embodiment of the present invention is characterized in that a
glass blank is produced by the method of manufacturing a glass blank according to the third
embodiment, and the glass blank is processed to produce a magnetic recording medium glass
substrate. Note that, in the method of manufacturing amagnetic recording medium glass substrate
according to the third embodiment of the present invention, the same manufacturing conditions as
those in the method of manufacturing a magnetic recording medium glass substrate according to the
first embodiment and/or the method of manufacturing a magnetic recording medium glass substrate
according to the second embodiment described above can be employed, except for the use of the
glass blank produced by the method of manufacturing a glass blank according to the third
embodiment. [0245] (Method of Manufacturing Magnetic Recording Medium)         A method of
manufacturing a magnetic recording medium according to the third embodiment of the present
invention is characterized in that a magnetic recording medium glass substrate is produced by the
method of manufacturing a magnetic recording medium glass substrate according to the third
embodiment, and a magnetic recording medium is produced by at least going through a magnetic
recording layer-forming step of forming a magnetic recording layer on the magnetic recording medium
glass substrate. Note that, in the method of manufacturing amagnetic recording medium according to
the third embodiment of the present invention, the same manufacturing conditions as those in the
method of manufacturing a magnetic recording medium according to the first embodiment and/or the
method of manufacturing a magnetic recording medium according to the second embodiment
described above can be employed, except for the use of the magnetic recording medium glass
substrate produced by the method of manufacturing a magnetic recording medium glass substrate
according to the third embodiment. [Examples] 



 59

of the press mold used in the method of manufacturi ng a glass blank for 

a magnetic recording medium glass substrate accordi ng to the first 

embodiment of the present invention, and more speci fically, a view for 

illustrating one example of the press molds 50 and 60 of the separate 

type.  In FIG. 10, like reference numerals are used  to designate members 

similar to those illustrated in FIG. 4 to FIG. 9.  Further, a press mold 

50S illustrated in FIG. 10 is a corresponding to th e press mold 50, but 

a similar structure may be adopted in the press mol d 60.  Here, a principal 

part of the press mold 50S includes the press mold body 52, the guide 

member 54, a first pushing member 56, and a second pushing member 58.  

Central axis of the members are coincident (dot-and -dash line X in the 

figure), and the central axis are substantially coi ncident with the 

horizontal direction. 

 [0116] 

 Here, the press mold body 52 is formed of a circul ar cylinder having 

one end surface that forms the circular press-moldi ng surface 52A.  Note 

that, the shape of the press mold body 52 is a circ ular cylinder in the 

example illustrated in FIG. 10, but the shape is no t specifically limited 

insofar as the shape is substantially columnar.  In  the example 

illustrated in FIG. 10, the press-molding surface 5 2A is a substantially 

flat surface. 

 [0117] 

 The guide member 54 is a hollow circular cylinder,  which has a 

length in an axial direction X that is longer than the length in the 

axial direction X of the press mold body 52 which i s a circular cylinder, 

which houses the press mold body 52 in an inner per ipheral side, and 

which has one end face (guide surface 54A) that is brought into contact 

with the guide member of the other press mold (not shown in the figure) 

when pushed by the first pushing member 56.  Here, the difference between 

[0246] <Examples of First Aspect of the Present Invention>         Hereinafter, the first aspect of the
present invention is described by way of examples, but the first aspect of the present invention is not
limited to only the following examples. [0247] <<Production of Glass Blank>> In examples and
comparative examples, more than several hundreds of glass blanks (diameter: about 75 mm,
thickness: about 0.9 mm) for producing 2.5-inch magnetic recording medium glass substrates were
continuously produced. [0248] (Example Al)         According to the process illustrated in FIG. 1 to FIG.
9, the molten glass gob forming step, the first pressing step, the second pressing step, and the taking
out step were carried out to produce glass blanks. Note that, the viscosity of the molten glass which
flows out from the glass outlet 12 was adjusted to be 700 dPa.s, the first press mold 50 and the
second press mold 60 were placed so as to be perpendicular to the direction in which the molten glass
gob 24 fell, and the falling distance was set to be 150 mm. [0249]          Here, main physical property
values and the composition of the glass material used in producing the glass blanks were as follows.
.Glass transition temperature: 495C 
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the length of the guide member 54 and the length of  the press mold body 

52 in the axial direction X, in other words, a heig ht difference H between 

the guide surface 54A and the press-molding surface  52A in the axial 

direction X, corresponds to a length which is appro ximately a half of 

the thickness of the glass blank to be produced.  N ote that, the shape 

of the guide member 54 is a hollow circular cylinde r, but the shape is 

not specifically limited insofar as the shape is ho llow columnar. 

 [0118] 

 The first pushing member 56 is formed of a disk-li ke member.  Here, 

one surface (pushing surface 56A) of the disk-like first pushing member 

56 is a flat surface which is in contact with the o ther end surface (pushed 

surface 52B) of the press mold body 52 and with the  other end surface 

(pushed surface 54B) of the guide member 54.  Furth er, a through hole 

56H which passes through the first pushing member 5 6 in the thickness 

direction is provided in a part of a region which i s opposed to the pushed 

surface 52B of the press mold body 52.  Note that, a surface 56B which 

is opposite to the pushing surface 56A is connected  to a first drive 

(not shown).  Therefore, in the press molding, by t he first drive, the 

press mold body 52 and the guide member 54 may be p ushed at the same 

time via the first pushing member 56 in the axial d irection X illustrated 

in the figure from the side on which the first push ing member 56 is placed 

to the side on which the press mold body 52 and the  guide member 54 are 

placed. 

 [0119] 

 Note that, in the example illustrated in FIG. 10, the shape of 

the first pushing member 56 is a disk, but the shap e is not specifically 

limited insofar as the shape is substantially plate -like.  Further, the 

through hole 56H is provided as a hole having a cir cular opening along 

the central axis X of the press mold body 52 and th e first pushing member 

.Deformation point: 550C .Strain point: 490C .Composition: composition corresponding to Glass
Composition 2 [0250]          Further, specific conditions for carrying out the first pressing step and the
second pressing step and details of the press molds 50 and 60 used in the press molding were as
follows. [0251] -Conditions for Carrying out First Pressing Step-          The temperature of the
press-molding surface 52A immediately before the firstpressingstepxas carriedoutwassettobe 500C,
the temperature of the press-molding surface 62A immediately before the first pressing  step was
carried out was set to be 500C, the temperature difference within the press-molding surface 52A
immediately before the first pressing step was carried out was set to be 50C, and the temperature
difference within the press-molding surface 62A immediately before the first pressing step was carried
out was set to be 50C. Note that, the press molds 50 and 60 were set to be driven so that the
press-molding surface 52A and the press-molding surface 62A were brought into contact with the
molten glass gob 24 at the same time. Further, the press-molding time was 0.07 second. Note that, the
temperatures of the press-molding surfaces 52A and 62A were monitored by thermocouples placed at
a depth of 1 mm from the press-molding surfaces 52A and 62A. Among the thermocouples, one was
placed at the center of each of the press-molding surfaces 52A and 62A, and four were placed at
positions of 30 mm in radius from the center of each of the press-molding surfaces 52A and 62A so as
to form angles of 0, 90, 180, and 270 in a peripheral direction, respectively. [0252] -Conditions for
Carrying out Second Pressing Step-          The duration time of the second pressing step was adjusted
and the flatness of the obtained glass blanks was measured. When the duration time of the second
pressing step was 2 seconds or more, the flatness of the glass blanks was 4 pm. Therefore, the
duration time of the second pressing step was set to be 2 seconds. The temperature of the plate glass
26 when the second pressing step was completed (temperature when taken out) was 495C. The press
pressure during the second pressing step was carried out was set to be always held at 0 .5 MPa . Note
that, the temperature of the plate glass 26 was a value determined on the assumption that the
temperature was a temperature measured by the thermocouple placed at the center of each of the
press-molding surfaces 52A and 62A. In this way, the duration time of the second pressing step was
controlled with 
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56, but an arbitrary number of the through holes 56 H may be provided 

at arbitrary positions in the first pushing member 56 insofar as the 

positions are in a part of the region which is oppo sed to the pushed 

surface 52B of the press mold body 52.  Further, th e shape of the opening 

of the through hole 56H may be appropriately select ed as well.  However, 

it is particularly preferred that the through hole( s) 56H be provided 

so as to have point symmetry with respect to the ce ntral axis X of the 

press mold body 52. 

 [0120] 

 The second pushing member 58 is formed of a rod-li ke member which 

is placed within the through hole 56H and is connec ted to the pushed 

surface 52B side of the press mold body 52.  Note t hat, the shape of the 

second pushing member 58 is a circular cylindrical rod in the example 

illustrated in FIG. 10, but the shape is not specif ically limited insofar 

as the second pushing member 58 may move the press mold body 52 in the 

axial direction X.  Note that, an end of the second  pushing member 58 

which is opposite to an end thereof connected to th e pushed surface 52B 

side is connected to a second drive (not shown).  T herefore, in the press 

molding, by the second drive, only the press mold b ody 52 may be pushed 

via the second pushing member 58 along the axis dir ection X from the 

side on which the second pushing member 58 is place d to the side on which 

the press mold body 52 is placed. 

 [0121] 

-Glass Material- 

 The glass material used in the method of manufactu ring a glass 

blank according to the first embodiment of the pres ent invention is not 

specifically limited insofar as the glass material has physical properties 

suitable for a magnetic recording medium glass subs trate, in particular, 

a high thermal expansion coefficient, further, high  stiffness, or heat 

the flatness of the glass blank being a barometer to obtain glass blanks excellent in flatness. [0253]
-Press Mold-         As the press mold 50, one formed of cast iron of the integral type in which the press
mold body 52 and the guide member 54 were integrally formed was used. As the press mold 60, one
of the integral type which was similar to the press mold 50 was used. Note that, the press-molding
surfaces 52A and 62A were completely flat surfaces. Further, each of the press molds 50 and 60 of
the integral type which were used was provided with a flow path for passing cooling water
therethrough formed in the press mold body 52 or 62 for controlling the temperature of the
press-molding surface 52A or 62A and the temperature distribution within the press-molding surface
52A or 62A, and a heater placed on an outer peripheral side of the press mold 50 or 60. Here, the flow
rate of the cooling water and the heating conditions of the heater were controlled so that the difference
between the temperature of the press-molding surface 52A of the press mold 50 and the temperature
of the press-molding surface 62A of the press mold 60 was always held within a range of 10C. [0254]
(Example A2)         Glass blanks were produced in the same manner as in Example Al except that the
duration time of the second pressing step was lengthened and the temperature of the plate glass when
taken out was set to be 490C. [0255] (Example A3)         Glass blanks were produced in the same
manner as in Example Al except that, as the press molds 50 and 60, ones of the separate type in
which the press mold bodies 52 and 62 and the guide members 54 and 64 were formed as separate
members, respectively, were used. [0256] 
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resistance and the like, and, at the same time, the  glass material may 

be easily press-molded into a plate shape by the ho rizontal direct press.  

It is desired that the thermal expansion coefficien t be similar to the 

thermal expansion coefficient of a holder for holdi ng the magnetic 

recording medium.  More specifically, the average l inear expansion 

coefficient at 100 to 300°C is preferably 70×10 -7 /°C or more, more 

preferably 75×10 -7 /°C or more, still more preferably 80×10 -7 /°C or more, 

yet still more preferably 85×10 -7 /°C or more.  The upper limit of the 

average linear expansion coefficient is not specifi cally limited, but, 

practically, is preferably 120×10 -7 /°C or less.  For the purpose of 

reducing deflection which is caused when the magnet ic recording medium 

rotates at high speed, a glass material having high  stiffness is desired.  

More specifically, the Young's modulus is preferabl y 70 GPa or more, 

more preferably 75 GPa or more, still more preferab ly 80 GPa or more, 

still more preferably 85 GPa or more.  The upper li mit of the Young's 

modulus is not specifically limited, but, practical ly, is preferably 

120 GPa or less.  Further, by using a glass materia l which is excellent 

in heat resistance, the substrate may be processed at a high temperature 

in the process of manufacturing a magnetic recordin g medium, and hence, 

the glass transition temperature of the glass mater ial is preferably 

600°C or more, more preferably 610°C or more, still  more preferably 620°C 

or more, yet still more preferably 630°C or more.  Note that, the upper 

limit of the glass transition temperature is not sp ecifically limited, 

but, from a practical viewpoint of suppressing temp erature rise in the 

press molding and the like, is preferably 780°C or less.  Using a glass 

material which has a high thermal expansion coeffic ient, high stiffness, 

and heat resistance is effective in obtaining a gla ss substrate suitable 

for a magnetic recording medium having a high recor ding density. 

 [0122] 

(Example A4)         Glass blanks were produced in the same manner as in Example AS except that the
press pressure during the second pressing step was carried out was reduced with time. Note that, the
press pressure was controlled so as to be 50% when the temperature of the plate glass 26 reached a
temperature which was 25C lower than the defromation point, with the press pressure immediately
after the start of the second pressing step being the reference (100%). [0257] (Example A5)
Glass blanks were produced in the same manner as in Example AS except that the press pressure
during the second pressing step was carried out was reduced with time. Note that, the press pressure
was controlled so as to be 50% when the temperature of the plate glass 26 reached a temperature
which was 25C higher than the defromation point, with the press pressure immediately after the start
of the second pressing step being the reference (100%). [0258] (Example A6)         Glass blanks were
produced in the same manner as in Example AS except that the press pressure during the second
pressing step was carried out was reduced with time. Note that, the press pressure was controlled so
as to be 50% when the temperature of the plate glass 26 reached a temperature which was 40C
higher than the defromation point, with the press pressure immediately after the start of the second
pressing step being the reference (100%). [0259] (Example A7)         Glass blanks were produced in
the same manner as in Example AS except that the press pressure during the second pressing step
was carried out was reduced with time. Note that, the press pressure was controlled so as to be 50%
when the temperature of the plate glass 26 reached a temperature which was 40C lower than the
defromation point, with the press pressure immediately after the start of the second pressing step
being the reference (100%). [0260] 
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 As the composition of the glass material, a compos ition which may 

easily materialize physical properties suitable for  a magnetic recording 

medium glass substrate may be appropriately selecte d, and for example, 

a glass composition of a conventional glass materia l for the vertical 

direct press may be appropriately selected, but it is preferred that 

aluminosilicate glass be selected.  Note that, a co mposition of 

aluminosilicate glass described below is particular ly preferred, because 

all of heat resistance, high stiffness, and a high thermal expansion 

coefficient may be easily accomplished in a well-ba lanced way.  That is, 

it is preferred that the glass composition of the g lass (hereinafter, 

referred to as "Glass Composition 1"), expressed in  mol%, includes 

50 to 75% of SiO 2 , 

0 to 5% of Al 2O3 , 

0 to 3% of Li 2O, 

0 to 5% of ZnO, 

3 to 15% in total of at least one kind of component  selected from Na 2O 

and K 2O, 

14 to 35% in total of at least one kind of componen t selected from MgO, 

CaO, SrO, and BaO, and 

2 to 9% in total of at least one kind of component selected from ZrO 2 , 

TiO 2 , La 2O3 , Y 2O3 , Yb 2O3 , Ta 2O5 , Nb 2O5 , and HfO 2 , and 

the molar ratio {(MgO+CaO)/(MgO+CaO+SrO+BaO)} be in  the range of 0.8 

to 1 and the molar ratio {Al 2O3 /(MgO+CaO)} be in the range of 0 to 0.30. 

 [0123] 

 A preferred range of the average linear expansion coefficient of 

Glass Composition 1 at 100 to 300°C is 70×10 -7 /°C or larger, a preferred 

range of the glass transition temperature is 630°C or higher, and a 

preferred range of the Young's modulus is 80 GPa or  larger.  Glass 

Composition 1 is suitable as a material of a magnet ic recording medium 

(Example A8)         Glass blanks were produced in the same manner as in Example AS except that the
press pressure during the second pressing step was carried out was reduced with time. Note that, the
press pressure was controlled so as to be 50% when the temperature of the plate glass 26 reached
the defromation point, with the press pressure immediately after the start of the second pressing step
being the reference (100%). [0261] (Example A9)         Glass blanks were produced in the same
manner as in Example A2 except that the temperature of the plate glass when taken out was set to be
485C. and, as the press molds 50 and 60, press molds of the separate type were used. [0262]
(Comparative Example Al)         Glass blanks were produced in the same manner as in Example Al
except that the duration time of the second pressing step was set to be less than 2 seconds and the
temperature of the plate glass when taken out was set to be 520C. [0263] (Comparative Example A2)
Glass blanks were produced in the same manner as in Example Al except that the second pressing
step was eliminated. [0264] 
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glass substrate of an energy-assisted method using a high Ku magnetic 

material. 

 [0124] 

 As a glass material which has a high thermal expan sion coefficient, 

which is excellent in acid resistance and alkali re sistance, which reduces 

the amount of alkaline elution from a surface of th e substrate, and which 

is suitable for chemical strengthening, one having the following glass 

composition (hereinafter, referred to as "Glass Com position 2") may be 

presented.  That is, Glass Composition 2, expressed  in mol%, includes 

70 to 85% in total of SiO 2  and Al 2O3 , provided that the content of SiO 2  

is 50% or more and the content of Al 2O3  is 3% or more, 

10% or more in total of Li 2O, Na 2O, and K 2O, 

1 to 6% in total of MgO and CaO, provided that the content of CaO is 

higher than the content of MgO, and 

more than 0% and 4% or less in total of ZrO 2 , TiO 2 , La 2O3 , Y 2O3 , Yb 2O3 , 

Ta2O5 , Nb 2O5 , and HfO 2 . 

 [0125] 

(Method of Manufacturing Magnetic Recording Medium Glass Substrate) 

 The method of manufacturing a magnetic recording m edium glass 

substrate according to the first embodiment of the present invention 

is characterized in that a magnetic recording mediu m glass substrate 

is manufactured by at least going through a polishi ng step of polishing 

the main surfaces of a glass blank produced by the method of manufacturing 

a glass blank according to the first embodiment of the present invention.  

Hereinafter, specific examples of steps involved in  the processing of 

a glass blank into a magnetic recording medium glas s substrate are 

described in more detail. 

 [0126] 

 First, scribing is performed on a glass blank obta ined by carrying 

(Comparative Example A3)         Glass blanks were produced by the vertical direct press using a glass
material similar to the one used in Example Al. In the production of the glass blanks, there was used a
press apparatus including a rotating table along the outer peripheral edge of which twelve lower molds
were arranged at regular intervals and which rotated table rotating in one direction while alternatively
moving and stopping for each 30 at the time of press. Further, when the numbers, P1 to P12, were
given to twelve lower mold stop positions corresponding to the twelve lower molds arranged on the
outer peripheral edge of the rotating table along the rotating direction of the rotating table, the following
respective members were arranged above the press surface of a lower mold or at a side of a lower
mold at each of the following lower mold stop positions. .Lower mold stop position Pl: molten glass
supply apparatus .Lower mold stop position P2: Upper mold .Lower mold stop position P9: taking out
means (vacuum adsorption apparatus) [0265]         In the press apparatus, a predetermined amount of
molten glass is supplied onto a lower mold at the lower mold stop position Pl, the molten glass is
press-molded into a thin plate glass with the upper mold and the lower mold at the lower mold stop
position P2, and the obtained thin plate glass (glass blank) is taken out at the lower mold stop position
P9. Further, a soaking and cooling step is carried out when the lower mold moves to the stop positions
P2 to P9, and preheating of the lower mold is carried out by using a heater when the lower mold
moves to the stop positions P9 to P12. [0266]         The material of the upper mold and the lower mold
and the smoothness and the flatness of the press-molding surfaces were similar to those of the press
molds 50 and 60 used in Example Al. Note that, the viscosity of the molten glass immediately before
being supplied onto the lower mold located at the lower mold stop position P1 was adjusted to be 500
dPa.s. [0267] -Conditions for Carrying out Pressing Step-         Note that, the details of the conditions
for carrying out the pressing step were as follows. The temperature of the press-molding surface of the
upper mold immediately before the pressing step was carried out was set to be 380C, the temperature
of the press-molding surface of the lower mold immediately before the pressing step was carried out
was set to be 480C, the temperature difference within the press-molding surface of the upper mold
immediately before the pressing step was carried out was set to be 30C, and the temperature
difference within the press-molding surface of the lower mold immediately before the pressing step
was carried out was set to be 30C. Note that, the upper mold was driven downward 2 seconds later
after a predetermined amount of the molten glass was supplied onto the lower mold. Further, time from
when the upper mold was brought into contact with the molten glass on the lower mold to when the
upper mold and the lower mold were moved away from each other (press-molding time) was 0.3
second. When the pressing step was carried out under the conditions described above, the
temperature of the plate glass when the pressing step was completed (temperature when taken out)
was 500C. Note that, the temperatures of the press-molding surfaces 
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out the press molding.  The scribing refers to prov iding cutting lines 

(line-like flaws) like two concentric circles (inne r concentric circle 

and outer concentric circle) with a scriber made of  cemented carbide 

or formed of diamond particles on a surface of a mo lded glass blank, 

in order to process the molded glass blank into a r ing shape having a 

predetermined size.  The glass blank having scribed  thereon the two 

concentric circles is partially heated, and the out side portion of the 

outer concentric circle and the inside portion of t he inner concentric 

circle are removed by virtue of the difference in t hermal expansion of 

glass, thereby yielding a disk-shaped glass having a perfect circle shape.  

Note that, in a state of a glass blank, when the si ze of the outer diameter 

is substantially the same as the outer diameter of a final magnetic 

recording medium glass substrate (glass substrate f or magnetic disk) 

(when the size may be corrected by end surface poli shing described below 

alone), a central portion serving as a circular hol e may be subjected 

to coring instead of the scribing step. 

 [0127] 

 When scribe processing is carried out, if the roug hness of the 

main surfaces of the glass blank is 1 µm or less, cutting lines can be 

suitably provided by using a scriber.  Note that, i n the case where the 

roughness of the main surfaces of the glass blank e xceeds 1 µm, a scriber 

does not follow the irregularities of the surface a nd it may become 

difficult to provide cutting lines uniformly.  In t his case, after the 

main surfaces of the glass blank are made smooth, s cribing is performed. 

 [0128] 

 Next, the scribed glass undergoes shape processing .  The shape 

processing includes chamfering (chamfering of outer  peripheral end 

portion and inner peripheral end portion).  In the chamfering, the outer 

peripheral end portion and inner peripheral end por tion of the ring-shaped 

of the upper mold and the lower mold were monitored by thermocouples placed at a depth of 5 mm
from the press-molding surfaces. Among the thermocouples, one was placed at the center of each of
the press-molding surfaces, and four were placed at positions of 15 mm in radius from the center of
each of the press-molding surfaces so as to form angles of 00, 90, 180, and 270 in a peripheral
direction, respectively. [0268] (Comparative Example A4)         Glass blanks were produced in the
same manner as in Comparative Example AS except that the press-molding time was extended so
that the temperature when taken out was 495C. Note that, the production speed was considerably
slow and there was no practicality, and thus, at the time of having produced several tens of glass
blanks, the press was stopped. [0269] (Comparative Example A5)         A press apparatus similar to
the one used in Comparative Example AS except that an upper mold for cooling was further placed on
the press surface at the lower mold stop position P3 was used as the press apparatus. Note that, the
upper mold for cooling has substantially the same structure as that of the upper mold for press molding
placed on the press surface at the lower mold stop position P2. Here, the pressing step to be carried
out at the lower mold stop position P2 was carried out under conditions similar to those in Comparative
Example A3. [0270]         Further, during the period in which the lower mold is stopped at the lower
mold stop position P3, a state was held in which the whole upper mold for cooling was preheated to
about 480C and was brought close to the plate glass placed on the lower mold but was not brought
into contact therewith. [0271] (Evaluation)         The glass blanks produced in the examples and the
comparative examples were evaluated in terms of flatness, a crack, and productivity. The results are
shown in Table 1 to Table 3. Note that, the temperature between the press-molding surfaces during
the first pressing step and the second pressing step were carried out in all the examples and
Comparative Examples Al and A2 in which the glass blanks were produced by the horizontal direct
press was 550C or less at the highest, and the temperature between the press-molding surfaces
during the pressing step was carried out in Comparative Examples AS to A5 in which the glass blanks
were produced by the vertical direct press was in a range of 450C to 500C. 
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glass are chamfered with a diamond grinding stone. 

 [0129] 

 Next, the disk-shaped glass undergoes end surface polishing.  In 

the end surface polishing, the inner peripheral sid e end surface and 

outer peripheral side end surface of the glass unde rgo mirror finish 

by brush polishing.  In this case, there is used a slurry including fine 

particles of cerium oxide or the like as free abras ive grains.  The end 

surface polishing removes contamination caused by a ttachment of dust 

or the like and impair such as damage or flaws on o r in the end surfaces 

of the glass.  As a result, precipitation of ions o f sodium, potassium, 

and the like causing corrosion can be prevented fro m occurring.   

 [0130] 

 Next, first polishing is carried out on the main s urfaces of the 

disk-shaped glass.  The purpose of the first polish ing is to remove flaws 

and strain remaining in the main surfaces.  A machi ning allowance removed 

by the first polishing is, for example, several µm to about 10 µm.  As 

a grinding step involving a large amount of a machi ning allowance is 

not required to be performed, flaws, strain, and th e like, which are 

caused by the grinding step, are not generated in t he glass.  Thus, the 

first polishing step involves a small amount of a m achining allowance. 

 [0131] 

 In the first polishing step and the second polishi ng step described 

below, a double-side polishing apparatus is used.  The double-side 

polishing apparatus is an apparatus for carrying ou t polishing with 

polishing pads by relatively moving a disk-shaped g lass and the polishing 

pads.  The double-side polishing apparatus includes  a polishing carrier 

fitting portion having an internal gear and a sun g ear which are each 

rotationally driven at a predetermined rotation rat e and also includes 

an upper surface plate and a lower surface plate wh ich are rotationally 

[0272][Table 1] [Table 1]  Example Al Example A2 Example A3 Physical property values of glass
material used nafntmntinn nnint[r] Rcri qqn SSC 
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driven in opposite directions to each other with th e polishing carrier 

fitting portion being sandwiched by both the plates .  On each surface 

facing a disk-shaped glass of the upper surface pla te and lower surface 

plate, the polishing pads described below are attac hed.  Each polishing 

carrier fitted so as to be engaged with each of the  internal gear and 

the sun gear performs a planetary gear motion, that  is, revolves around 

the sun gear while spinning. 

 [0132] 

 The each polishing carrier holds a plurality of di sk-shaped glasses.  

The upper surface plate is movable in the vertical direction and presses 

each polishing pad onto the front and back main sur faces of each disk-shaped 

glass.  Then, while a slurry (polishing liquid) con taining polishing 

abrasive grains (polishing material) is being suppl ied, the disk-shaped 

glass and the polishing pad move relatively owning to the planetary gear 

motion of the polishing carrier and the phenomenon that the upper surface 

plate and the lower surface plate rotate in opposit e directions to each 

other.  As a result, the front and back main surfac es of each disk-shaped 

glass is polished.  Note that, in the first polishi ng step, a hard resin 

polisher, for example, is used as the polishing pad  and cerium oxide 

abrasive grains, for example, are used as the polis hing material. 

 [0133] 

 Next, the disk-shaped glass after the first polish ing is subjected 

to chemical strengthening.  It is possible to use a  molten salt of potassium 

nitrate or the like as a chemical strengthening sol ution.  In the chemical 

strengthening, the chemical strengthening solution is heated to, for 

example, 300°C to 400°C, and a cleaned glass is pre -heated to, for example, 

200°C to 300°C and then immersed in the chemical st rengthening solution 

for, for example, 3 hours to 4 hours.  The immersio n is preferably performed 

under a state in which a plurality of glasses are c ontained in a holder 

Strain point [C] 490 490 490 Press method Horizontal direct press Horizontal direct press 



 68

so as to be held by their end surfaces so that both  main surfaces of 

each of the glasses entirely undergo chemical stren gthening. 

 [0134] 

 Each glass is immersed in the chemical strengtheni ng solution, 

as described above, and as a result, sodium ions in  the surface layers 

of the glass are substituted by potassium ions each  having a relatively 

large ion radius in the chemical strengthening solu tion, respectively, 

forming a compressive stress layer with a thickness  of about 50 to 200 

µm.  Thus, the glass is strengthened and is provided  with good impact 

resistance.  Note that, the glass having undergone chemical strengthening 

treatment is cleaned.  For example, the glass is cl eaned with sulfuric 

acid and then cleaned with pure water, isopropyl al cohol (IPA), or the 

like. 

 [0135] 

 Next, the glass which has undergone chemical stren gthening and 

has been cleaned sufficiently is subjected to secon d polishing.  A 

machining allowance removed by the second polishing  is, for example, 

about 1 µm. 

 [0136] 

 The purpose of the second polishing is to finish t he main surfaces 

like mirror surfaces.  In the second polishing step , the disk-shaped glass 

is polished by using a double-side polishing appara tus as in the first 

polishing step, but the composition of polishing ab rasive grains contained 

in a polishing liquid (slurry) to be used and the c omposition of a polishing 

pad are different from those in the first one.  In the second polishing 

step, there are used polishing abrasive grains each  having a smaller 

diameter and a softer polishing pad compared with t hose in the first 

polishing step.  For example, in the second polishi ng step, a soft foamed 

resin polisher, for example, is used as the polishi ng pad, and finer 

Horizontal direct press Mold type Integral type Integral type Separate type Conditions for first pressing
step Temperature Tl of press-molding surface 52A immediately before first pressing step was carried
out [C] 
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cerium oxide abrasive grains or colloidal silica th an the cerium oxide 

abrasive grains used in the first polishing step ar e, for example, used 

as the polishing material. 

 [0137] 

 The disk-shaped glass polished in the second polis hing step is 

again cleaned.  In the cleaning, a neutral detergen t, pure water, or IPA 

is used.  The second polishing yields a glass subst rate for a magnetic 

disk having a main surface flatness of 4 µm or less(within 4 µm) and 

a main surface roughness (Ra) of 0.2 nm or less, fo r example.  After that, 

various layers such as a magnetic layer are formed on the glass substrate 

for a magnetic disk, and a magnetic disk is produce d. 

 [0138] 

 Note that, the chemical strengthening step is carr ied out between 

the first polishing step and the second polishing s tep, and the order 

of these steps is not limited to this order.  As lo ng as the second polishing 

step is carried out after the first polishing step,  the chemical 

strengthening step can be arbitrarily arranged.  Fo r example, the order 

of the first polishing step, the second polishing s tep, and the chemical 

strengthening step (hereinafter, referred to as "Ro uting 1" may also 

be adopted.  Note that, if Routing 1 is adopted, su rface irregularities 

that may be produced by the chemical strengthening step are not removed, 

and hence more preferred is the routing of the firs t polishing step, 

the chemical strengthening step, and the second pol ishing step. 

 [0139] 

 Note that, in manufacturing a magnetic recording m edium glass 

substrate, the flatness of the glass blank used in the processing and 

the flatness of the produced magnetic recording med ium glass substrate 

may be caused to be substantially the same.  As a f latness required of 

a magnetic recording medium glass substrate, for ex ample, in recent years, 

500 500 500  Temperature T2 of press-molding surface 62A immediately before first pressing step
was carried out [C] 500 500 500  Temperature difference between press-molding surfaces(1T1-
T21)1C] 0 
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a flatness which is 10 µm or less(within 10 µm) has been required with 

regard to a 2.5-inch glass substrate.  Such flatnes s may be easily 

accomplished by a glass blank produced by the metho d of manufacturing 

a glass blank according to the first embodiment of the present invention.  

The "flatness of the glass blank used in the proces sing and the flatness 

of the produced magnetic recording medium glass sub strate are 

substantially the same" as used herein means that t he flatness of the 

glass blank is 105% or less with the required flatn ess of the magnetic 

recording medium glass substrate (magnetic disk gla ss substrate) being 

100%. 

 [0140] 

 Note that, when the flatness of the glass blank us ed in the processing 

and the flatness of the produced magnetic recording  medium glass substrate 

are caused to be substantially the same, a step suc h as a lapping step 

which is carried out with one of the main purposes thereof being to improve 

the flatness may be eliminated. 

 [0141] 

(Method of Manufacturing Magnetic Recording Medium)  

 A method of manufacturing a magnetic recording med ium according 

to the first embodiment of the present invention is  characterized in 

that a magnetic recording medium is manufactured by  at least going through 

a magnetic recording layer-forming step of forming a magnetic recording 

layer on a magnetic recording medium glass substrat e produced by the 

method of manufacturing a magnetic recording medium  glass substrate 

according to the first embodiment of the present in vention. 

 [0142] 

 A magnetic recording medium is also called, for ex ample, a magnetic 

disk or a hard disk, and is suitable for internal s torages (such as fixed 

disks) for desk top computers, server computers, no tebook computers, 

0 0  Temperature difference within press-molding surface 52A immediately before first , ,riI- [C] 50 50
50  Temperature difference within press-molding surface 62A immediately before first pressing step
was carried out [C] 
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mobile computers, and the like, internal storages f or portable recording 

and reproducing devices used for recording and repr oducing images and/or 

sounds, recording and reproducing devices for in-ca r audio systems, and 

the like. 

 [0143] 

 The magnetic recording medium may have, for exampl e, a configuration 

in which at least an adherent layer, an undercoat l ayer, a magnetic layer 

(magnetic recording layer), a protective layer, and  a lubricant layer 

are laminated on the main surface of a magnetic rec ording medium glass 

substrate sequentially, starting from the layer clo se the main surface 

of the magnetic recording medium glass substrate.  For example, a magnetic 

recording medium glass substrate is introduced into  a film-forming 

apparatus in which pressure is reduced, and each la yer from the adherent 

layer to the magnetic layer is sequentially formed on the main surface 

of the magnetic recording medium glass substrate in  an Ar atmosphere 

by using a DC magnetron sputtering method.  There c an be used, for example, 

CrTi as the adherent layer, and, for example, CrRu as the undercoat layer.  

After the above-mentioned film formation, the prote ctive layer is formed 

with C 2H4  gas by using, for example, a CVD method, and then,  nitriding 

treatment including introducing nitrogen into the s urface is carried 

out in the same chamber, thereby being able to form  the magnetic recording 

medium.  After that, for example, polyfluoropolyeth er (PFPE) is applied 

on the protective layer by a dip coating method, th ereby being able to 

form the lubricant layer. 

 [0144] 

 The size of the magnetic recording medium is not s pecifically 

limited.  However, the magnetic recording medium gl ass substrate is formed 

of a glass material which is excellent in impact re sistance, and hence, 

it is suitable that the size is 2.5 inch or less wh ich is conveniently 

50 50 50 Conditions for fle",nr4 nrn ,, step Duration time of second pressing step 2 seconds Longer
than 2 seconds 2 seconds  
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portable and highly likely to be exposed to impact from the outside. 

 [0145] 

<Second Embodiment> 

(Method of Manufacturing Glass Blank for Magnetic R ecording Medium Glass 

Substrate and Manufacturing Apparatus Using the Sam e)  

 In a method of manufacturing a glass blank for a m agnetic recording 

medium glass substrate (hereinafter, sometimes abbr eviated as "method 

of manufacturing a glass blank") according to a sec ond embodiment, there 

is manufactured a glass blank for a magnetic record ing medium glass 

substrate (hereinafter, sometimes abbreviated as "g lass blank") at least 

through a press-molding step of press-molding a fal ling molten glass 

gob with a first press mold and a second press mold  placed so as to be 

opposed to each other in a direction crossing a dir ection in which the 

molten glass gob falls. 

 [0146] 

 Here, at least the first press mold at least inclu des a press mold 

body having a press-molding surface, and a guide me mber having at least 

the function of maintaining a substantially fixed d istance between the 

press-molding surfaces of the first press mold and the second press mold 

in the press molding, by, when pushed to the side o f a press mold which 

is placed so as to be opposed to the press-molding surface, being brought 

into contact with a part of the press mold which is  placed so as to be 

opposed to the press-molding surface. 

 [0147] 

 Further, the press-molding step includes a first s tep of forming 

a molten glass gob into plate glass by bringing the  first press mold 

and the second press mold closer together until the  guide member of the 

first press mold and the second press mold are in c ontact with each other, 

and a second step of continuing to press, with the press mold body of 

Temperature of plate glass 26 when second pressing step was completed (temperature when
.1-.1.---"4-%ran, " ", 495 490 495  Press pressure during the second pressing step was carried out
Always constant Always constant 
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the first press mold and the second press mold, pla te glass with the 

guide member of the first press mold and the second  press mold being 

in contact with each other. 

 [0148] 

 Here, in the first step of the press-molding step,  the first press 

mold and the second press mold are brought closer t ogether.  Therefore, 

the molten glass gob is press-molded with the first  press mold and the 

second press mold into plate glass.  Further, by br inging the first press 

mold and the second press mold closer together, the  guide member of the 

first press mold and the second press mold are brou ght into contact with 

each other.  Therefore, at this point in time, the substantially fixed 

distance is maintained between the press-molding su rfaces of the first 

press mold and the second press mold.  Therefore, t he thickness deviation 

of the plate glass sandwiched between the press-mol ding surfaces may 

be significantly reduced.  Thus, as a result, the t hickness deviation 

of the obtained glass blank may also be significant ly reduced. 

 [0149] 

 However, in the state immediately after the first step is completed, 

the plate glass is at a high temperature and has hi gh fluidity.  Therefore, 

the plate glass is in an easily deformable state.  Therefore, if the first 

press mold and the second press mold are moved away  from each other and 

the plate glass is taken out immediately after the first step is completed, 

both the surfaces of the plate glass are supported by no member, and 

thus, the plate glass is easily deformed, which det eriorates the flatness 

of the produced glass blank.  In consequence, it is  thought to be preferred 

that the state in which the guide member of the fir st press mold and 

the second press mold are in contact with each othe r be maintained for 

a certain while even after the first step is comple ted to support both 

the surfaces of the plate glass by the press-moldin g surfaces, because 

Always constant Result of evaluation Flatness[pm] 4 4 4  Crack B A C 
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it is thought that, while deformation of the plate glass may be prevented 

by supporting both the surfaces of the plate glass by the press-molding 

surfaces, deterioration of the flatness of the glas s blank may be 

suppressed by taking out the plate glass after the plate glass is cooled 

to cause the fluidity thereof to be lowered or lost . 

 [0150] 

 However, the plate glass in contact with the press -molding surfaces 

shrinks in the process of losing heat to the press molds to be cooled.  

Therefore, if the distance between the press-moldin g surfaces immediately 

after the first step is completed continues to be m aintained after that, 

a gap is formed between the press-molding surfaces and the plate glass.  

Therefore, taking the shrinkage of the plate glass also into consideration, 

it is difficult that the press-molding surfaces alw ays continue to support 

both the surfaces of the plate glass.  In consequen ce, even if the state 

in which the guide member of the first press mold a nd the second press 

mold are in contact with each other is maintained f or a further while 

after the first step is completed, it is difficult to suppress the 

deformation of the plate glass. 

 [0151] 

 However, in the second step, the plate glass conti nues to be pressed 

by the press mold body of the first press mold and by the second press 

mold with the guide member of the first press mold and the second press 

mold being in contact with each other.  More specif ically, the plate glass 

continues to be pressed with only the press mold bo dy of the first press 

mold being brought closer to the press-molding surf ace of the second 

press mold.  Therefore, even if the plate glass shr inks in the thickness 

direction thereof, the press-molding surfaces conti nue to be in intimate 

contact with both the surfaces of the plate glass, respectively, without 

a gap, and support both the surfaces of the plate g lass.  Therefore, as 

Productivity B C B  [Table 1-continued No.1]  Example A4 Physical property values of glass material
used Deformation point [C] 550 
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described above, by cooling the plate glass with bo th the surfaces of 

the plate glass being always supported by the press -molding surfaces 

and taking out the plate glass after the fluidity t hereof is lowered 

or lost, deterioration of the flatness of the glass  blank may be suppressed 

with more reliability. 

 [0152] 

 Further, in the second step, the press-molding sur faces of the 

press molds formed of solid members having the heat  conductivity higher 

than that of gas such as air which exists in the ga p, and the plate glass 

continue to be in intimate contact with each other without a gap, and 

thus, heat of the plate glass is efficiently lost t o the press molds.  

Therefore, lowering of the fluidity of the plate gl ass in the press molding 

is more promoted compared with a case in which a ga p is formed between 

the press-molding surfaces and the plate glass.  Th erefore, at a point 

in time at which the plate glass and the press-mold ing surfaces are moved 

away from each other (at a point in time at which t he second step is 

completed), the fluidity of the plate glass is furt her lowered and the 

plate glass is in a state in which deformation ther eof is less liable 

to occur or impossible to occur.  Therefore, also f rom this viewpoint, 

deformation of the plate glass after the press mold ing is less liable 

to occur, and the flatness of the glass blank may b e reduced. 

 [0153] 

 Note that, in the method of manufacturing a glass blank according 

to the second embodiment, only the first press mold  may at least include 

the press mold body and the guide member.  In this case, as the second 

press mold, for example, a press mold that is a cyl inder having one end 

surface forming a press-molding surface may be used .  In this case, in 

the first step, the guide member of the first press  mold is brought into 

contact with the press-molding surface of the secon d press mold.  Then, 

Strain point [C] 490 Press method Horizontal direct press Mold type Separate type Conditions for first
pressing step Temperature Ti of press-molding surface 52A immediately before first pressing step was
carried out [C] 500  Temperature T2 of press-molding surface 62A immediately before first pressing
step was carried out ['PC] 
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in the second step, the plate glass continues to be  pressed by the press 

mold body of the first press mold and by the second  press mold with the 

guide member of the first press mold and the press- molding surface of 

the second press mold being in contact with each ot her (such a press-molding 

process is hereinafter sometimes referred to as "fi rst pressing process"). 

 [0154] 

 Further, in the method of manufacturing a glass bl ank according 

to the second embodiment, each of the first press m old and the second 

press mold may at least include a press mold body h aving a press-molding 

surface, and a guide member having at least the fun ction of maintaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of a press mold which i s placed so as to 

be opposed to the press-molding surface, being brou ght into contact with 

a part of the press mold which is placed so as to b e opposed to the 

press-molding surface.  In this case, the first ste p is carried out by 

bringing the first press mold and the second press mold closer together 

until the guide member of the first press mold and the guide member of 

the second press mold are brought into contact with  each other.  Then, 

the second step is carried out by continuing to pre ss, with the press 

mold body of the first press mold and the press mol d body of the second 

press mold, the plate glass with the guide member o f the first press 

mold and the guide member of the second press mold being in contact with 

each other (such a press-molding process is hereina fter sometimes referred 

to as "second pressing process"). 

 [0155] 

 Note that, in carrying out the second step, with r egard to the 

press molds each of which at least includes the pre ss mold body and the 

guide member that are used both in the first pressi ng process and in 

500  Temperature difference between press-molding surfaces(IT1- T2I)[C] 0  Temperature difference
within press-molding surface 52A immediately before first pressing step was carried out [C] 50
Temperature difference within press-molding surface 62A immediately before first pressing step was
carried out [C] 50 Conditions for second pressing step 
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the second pressing process, the press mold body an d the guide member 

particularly preferably have the function of separa tely moving toward 

the other press mold which is placed so as to be op posed to the press 

mold. 

 [0156] 

 The method of manufacturing a glass blank accordin g to the second 

embodiment may be carried out through any one of th e first pressing process 

and the second pressing process.  However, for the purpose of obtaining 

a glass blank having a similar extent of thickness deviation and flatness, 

from the viewpoint of shortening time necessary for  the press molding, 

for example, to on the order of 1/3 of the first pr essing process, it 

is particularly preferred that the method of manufa cturing a glass blank 

according to the second embodiment be carried out t hrough the second 

pressing process.  The reason for this is that the structures of the pair 

of press molds used become more similar to each oth er or the same in 

the second pressing process compared with the case of the first pressing 

process, and thus, cooling of the plate glass locat ed between the pair 

of molds may be carried out more symmetrically from  both the surfaces. 

 [0157] 

 The method of manufacturing a glass blank accordin g to the second 

embodiment described above is not specifically limi ted insofar as at 

least the press-molding step is included therein, b ut, usually, it is 

preferred that a molten glass gob forming step be i ncluded therein.  

Further, after the press-molding step, a taking out  step of moving the 

first press mold and the second press mold away fro m each other and taking 

out the plate glass is carried out.  The respective  steps including the 

molten glass gob forming step and the taking out st ep are described in 

more detail in the following.  Note that, in the fo llowing description, 

description of points already described above is om itted. 

Duration time of second pressing step 2 seconds  Temperature of plate glass 26 when second
pressing step was completed (temperature when taken out)[C] 495  Press pressure during the second
pressing step was carried out Reduced to 50% when temperature of plate glass 26 reached
temperature which was 25C lower than defromation point Result of evaluation 
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 [0158] 

-Molten Glass Gob Forming Step- 

 In the molten glass gob forming step, a molten gla ss gob with regard 

to which press molding is carried out is produced.  The method of producing 

the molten glass gob is not specifically limited, b ut, usually, the molten 

glass gob is formed by causing molten glass to fall  from a glass outlet 

and cutting a forward end portion of a molten glass  flow continuously 

flowing out downward in the vertical direction.  No te that, in the cutting 

of the forward end portion of the molten glass flow , a pair of shear 

blades may be used.  Further, the viscosity of the molten glass is not 

specifically limited insofar as the viscosity is ap propriate for the 

cutting of the forward end portion and for the pres s molding, but, usually, 

it is preferred that the viscosity be controlled to  have a predetermined 

value in a range of 500 dPa·s to 1,050 dPa·s.  Note  that, the viscosity 

of the molten glass gob immediately before the pres s molding is also 

preferably in the above-mentioned range. 

 [0159] 

 Next, a specific example of the molten glass gob f orming step is 

described in more detail with reference to the draw ings.  In the molten 

glass gob forming step, as illustrated in FIG. 11, a molten glass flow 

120 is first caused to flow out continuously downwa rd in the vertical 

direction from a glass outlet 112 provided at the l ower end portion of 

a glass effluent pipe 110 whose upper end portion i s connected to a molten 

glass supply source (not shown).  On the other hand , at a portion lower 

than the glass outlet 112, a first shear blade (low er side blade) 130 

and a second shear blade (upper side blade) 140 are  arranged at both 

sides of the molten glass flow 120, respectively, i n the direction 

substantially perpendicular to a central axis D, wh ich is the falling 

direction of the molten glass flow 120.  The lower side blade 130 and 

Flatness[pm] 4  Crack A  Productivity B  [Table 1-continued No.2]  Example AS 
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the upper side blade 140 move in a direction of the  arrow X1 which is 

perpendicular to the central axis D and which is fr om the left side to 

the right side in the figure, and in a direction of  the arrow X2 which 

is perpendicular to the central axis D and which is  from the right side 

to the left side in the figure, respectively, there by approaching a forward 

end portion 122 side of the molten glass flow 120 f rom both sides of 

the molten glass flow 120.  Note that, the viscosit y of the molten glass 

flow 120 is controlled by adjusting the temperature s of the molten glass 

effluent pipe 110 and the molten glass supply sourc e which is upstream 

thereof. 

 [0160] 

 Further, the lower side blade 130 and the upper si de blade 140 

have substantially plate-like body portions 132 and  142 and blade portions 

134 and 144, respectively.  The blade portions 134 and 144 are provided 

on end portion sides of the body portions 132 and 1 42, respectively, 

and cut the forward end portion 122 of the molten g lass flow 120 continuously 

flowing out downward in the vertical direction from  a direction 

substantially perpendicular to the direction in whi ch the molten glass 

flow 120 falls down.  Note that, an upper surface 1 34U of the blade portion 

134 and a lower surface 144B of the blade portion 1 44 each have a surface 

substantially coincident with a horizontal plane, a nd a lower surface 

134B of the blade portion 134 and an upper surface 144U of the blade 

portion 144 each have a surface that is slanted so as to cross the horizontal 

plane.  Further, the lower side blade 130 and the u pper side blade 140 

are placed so that the upper surface 134U of the bl ade portion 134 and 

the lower surface 144B of the blade portion 144 are  substantially flush 

with each other with respect to the vertical direct ion. 

 [0161] 

 Next, as illustrated in FIG. 12, the lower side bl ade 130 and the 

Physical * n ,,=1.,..  of glass material used Deformation point [C] 550  Strain point [C] 490 Press
method Horizontal direct press Mold type Separate type 
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upper side blade 140 are each moved in the horizont al direction so that 

the upper surface 134U of the blade portion 134 and  the lower surface 

144B of the blade portion 144 are partially overlap ped substantially 

without any gap by further moving the lower side bl ade 130 and the upper 

side blade 140 toward the direction of the arrow X1  and the direction 

of the arrow X2, respectively.  That is, the lower side blade 130 and 

the upper side blade 140 are caused to perpendicula rly cross the central 

axis D.  As a result, the lower side blade 130 and the upper side blade 

140 penetrate into the molten glass flow 120 to the  vicinity of the central 

axis D thereof, and the forward end portion 122 is cut as a molten glass 

gob 124 having a substantially spherical shape.  No te that, FIG. 12 

illustrates the moment when the forward end portion  122 is separated 

from the body portion of the molten glass flow 120 as the molten glass 

gob 124.  Further, as illustrated in FIG. 13, the m olten glass gob 124 

cut from the molten glass flow 120 further falls to  a downward Y1 side 

in the vertical direction. 

 [0162] 

-Press Forming Step (First Step)- 

 In the first step, the falling molten glass gob 12 4 illustrated 

in FIG. 13 is pressed with the first press mold and  the second press 

mold which are placed so as to be opposed to each o ther in a direction 

crossing the falling direction of the molten glass gob 124, and is formed 

into a plate shape.  Here, it is preferred that the  first press mold and 

the second press mold be placed so as to be opposed  to each other in 

a direction substantially perpendicular to the fall ing direction of the 

molten glass gob 124 so as to form an angle in a ra nge of 90 degrees 

± 1 degree, and it is particularly preferred that t he first press mold 

and the second press mold be placed so as to be opp osed to each other 

in a direction perpendicular to the falling directi on of the molten glass 

Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500  Temperature T2 of press-molding surface 62A immediately
before first pressing step was carried out [C] 500  Temperature difference between press-molding
surfaces(1T1- T21)1C] 0  Temperature difference within press-molding surface 52A immediately
before first pressing step was carried out [C] 
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gob 124.  By placing the pair of press molds so as to be opposed to each 

other with respect to the falling direction of the molten glass gob 124 

in this way, it is further facilitated to press the  molten glass gob 

124 evenly from both sides into a plate shape. 

 [0163] 

 Further, the temperatures of the press-molding sur faces of the 

first press mold and the second press mold immediat ely before the first 

step is carried out is preferably equal to or lower  than a temperature 

which is 10°C higher than the strain point of the g lass material forming 

the molten glass gob 124, more preferably equal to or lower than a 

temperature which is 5°C higher than the strain poi nt of the glass material 

forming the molten glass gob 124.  By setting the t emperatures of the 

press-molding surfaces in the above-mentioned range , fusion between the 

molten glass gob 124 and the press-molding surfaces  in the press molding 

may be suppressed with reliability.  The lower limi t of the temperatures 

of the press-molding surfaces of the first press mo ld and the second 

press mold immediately before the first step is car ried out is not 

specifically limited, but, from a practical viewpoi nt, that is, in order 

to prevent a crack in the glass blank due to rapid cooling of the molten 

glass gob 124, in order to prevent significant redu ction of the 

stretchability of the molten glass gob 124 due to r apid increase of the 

viscosity in the press molding, and the like, it is  preferred that the 

lower limit be equal to or higher than the strain p oint of the glass 

material forming the molten glass gob 124. 

 [0164] 

 Further, the absolute value of the difference betw een the 

temperature of the press-molding surface of the fir st press mold and 

the temperature of the press-molding surface of the  second press mold 

immediately before the first step is carried out is  preferably in a range 

50  Temperature difference within press-molding surface 62A immediately before first pressing step
was carried out [C] 50 Conditions for second pressing step Duration time of second pressing step 2
seconds  Temperature of plate glass 26 when second pressing step was completed (temperature
when taken out)[C] 495  Press pressure during the second pressing step was carried out 
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of 0°C to 10°C, more preferably in a range of 0°C t o 5°C, and particularly 

preferably 0°C.  In this case, the temperature diff erence caused between 

both the surfaces of the plate glass which is forme d into a plate shape 

by pressing the molten glass gob 124 may be suppres sed with more 

reliability, and as a result, the flatness may be f urther improved. 

 [0165] 

 Further, the absolute values of the temperature di fferences within 

the press-molding surfaces of the first press mold and the second press 

mold immediately before the first step is carried o ut is preferably in 

a range of 0°C to 100°C, preferably in a range of 0 °C to 50°C, particularly 

preferably 0°C.  By setting the temperature distrib ution within the 

press-molding surfaces in the above-mentioned range , it becomes further 

easier to stretch evenly and thinly the molten glas s gob 124 in the press 

molding.  As a result, even when a glass blank havi ng a smaller thickness 

is manufactured, a glass blank which is excellent i n flatness and has 

smaller thickness deviation may be more easily obta ined.  Note that, 

"temperature within a press-molding surface" means temperature measured 

in a largest region in which the press-molding surf ace and the molten 

glass gob 124 stretched into a plate shape are in c ontact with each other 

in the press molding. 

 [0166] 

 Next, the first step is described more specificall y with reference 

to the drawings.  First, the molten glass gob 124 i llustrated in FIG. 

13 comes between a first press mold 150 and a secon d press mold 160 which 

are placed so as to be opposed to each other in a d irection perpendicular 

to the falling direction Y1 of the molten glass gob  124 as illustrated 

in FIG. 14.  Here, the first press mold 150 and the  second press mold 

160 before the press molding is carried out are pla ced at an interval 

so as to be opposed to each other in a direction ha ving line symmetry 

Reduced to 50% when temperature of plate glass 26 reached temperature which was 25C higher than
defromation point Result of evaluation Flatness[pm] 4  Crack A  Productivity 
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with respect to and perpendicular to the falling di rection Y1.  Then, 

in synchronization with the timing when the molten glass gob 124 reaches 

the vicinity of the central portions in the vertica l direction of the 

first press mold 150 and the second press mold 160,  the first press mold 

150 moves in the direction of the arrow X1 which is  perpendicular to 

the falling direction Y1 and which is from the left  side to the right 

side in the figure and the second press mold 160 mo ves in the direction 

of the arrow X2 which is perpendicular to the falli ng direction Y1 and 

which is from the right side to the left side in th e figure in order 

to press-mold the molten glass gob 124 by pressing from both sides.  Note 

that, the moving rate of the first press mold 150 i n the direction of 

the arrow X1 and the moving rate of the second pres s mold 160 in the 

direction of the arrow X2 are set to be the same or  substantially the 

same. 

 [0167] 

 Here, the press molds 150 and 160 include press mo ld bodies 152 

and 162 each having a disk-like shape, respectively , and guide members 

154 and 164 arranged so as to surround the outer pe ripheral ends of each 

of the press mold bodies 152 and 162, respectively.   Note that, because 

FIG. 14 is a cross-sectional view, the guide member s 154 and 164 are 

drawn as being positioned on both upper and lower s ides of the press 

mold bodies 152 and 162, respectively, in FIG. 14.  Further, drive members 

for moving the press mold 150 in the direction of t he arrow X1 and for 

moving the press mold 160 in the direction of the a rrow X2 are omitted 

in the figures. 

 [0168] 

 One surface of each of the press mold bodies 152 a nd 162 serves 

as a press-molding surface 152A or 162A.  Further, in FIG. 14, the first 

press mold 150 and the second press mold 160 are ar ranged so that the 

B  [0273][Table 2 ] [Table 21  Example A6 Physical property values of glass material used Deformation
point [00] 550  Strain point[C] 490 
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two press-molding surfaces 152A and 162A face each other.  Further, the 

guide member 154 is provided with a guide surface 1 54A, which is positioned 

so as to project slightly with respect to the press -molding surface 152A 

in the X1 direction, and the guide member 164 is pr ovided with a guide 

surface 164A, which is positioned so as to project slightly with respect 

to the press-molding surface 162A in the X2 directi on.  Then, the guide 

surface 154A and the guide surface 164A come into c ontact with each other 

at the time of press molding, and hence a gap is fo rmed between the 

press-molding surface 152A and the press-molding su rface 162A.  Thus, 

the thickness of the gap corresponds to the thickne ss of the molten glass 

gob 124 molded so as to have a plate shape by being  press-molded between 

the first press mold 150 and the second press mold 160, that is, the 

thickness of a glass blank.  Further, the press-mol ding surfaces 152A 

and 162A are formed so that, when the first step is  carried out so that 

the molten glass gob 124 is completely extended by pressure in the vertical 

direction and is molded into a plate glass between the press-molding 

surface 152A of the first press mold 150 and the pr ess-molding surface 

162A of the second press mold 160, at least regions  (molten glass stretching 

regions) S1 and S2 in contact with the above-mentio ned plate glass in 

the press-molding surfaces 152A and 162A form a sub stantially flat surface.  

Note that, in the example illustrated in FIG. 14, t he whole part of the 

press-molding surface 152A including the molten gla ss stretching region 

S1 and the whole part of the press-molding surface 162A including the 

molten glass stretching region S2 each are a usual flat surface whose 

curvature is substantially zero.  Further, the flat  surface has only 

minute irregularities which are formed when usual f lattening processing, 

usual mirror polishing processing, or the like is a pplied at the time 

of manufacturing press molds, but does not have con vex portions and/or 

concave portions larger than the minute irregularit ies. 

Press method Horizontal direct press Mold type Separate type Conditions for first pressing step
Temperature Tl of press-molding surface 52A immediately before first pressing step was carried out
[00] 500  Temperature T2 of press-molding surface 62A immediately before first pressing step was
carried out [C] 500  Temperature difference between press-molding surfaces(IT1- 
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 [0169] 

 The glass blank is manufactured by press molding t he molten glass 

gob 124 by pressure between the press-molding surfa ces 152A and 162A.  

Thus, the surface roughness of the press-molding su rfaces 152A and 162A 

and the surface roughness of the main surface of th e glass blank become 

substantially the same.  The surface roughness (cen tral line average 

roughness Ra) of the main surface of the glass blan k is desirably controlled 

to the range of 0.01 to 10 µm in view of performing scribe processing 

and grinding processing using a diamond sheet that are carried out as 

the post processes to be described below, and hence  the surface roughness 

(central line average roughness Ra) of the press-mo lding surfaces is 

also preferably controlled to the range of 0.01 to 10 µm. 

 [0170] 

 The molten glass gob 124 illustrated in FIG. 14 fa lls further 

downward and enters the space between the two press -molding surfaces 

152A and 162A.  Then, as illustrated in FIG. 15, at  the time when the 

molten glass gob 124 reaches the vicinity of the al most central portion 

in the vertical direction of the press-molding surf aces 152A and 162A 

parallel to the falling direction Y1, both side sur faces of the molten 

glass gob 124 are brought into contact with the pre ss-molding surfaces 

152A and 162A.  Here, it is preferred that, as illu strated in FIG. 15, 

the press-molding surface 152A and the press-moldin g surface 162A be 

brought into contact with the molten glass gob 124 substantially at the 

same time.  "Be brought into contact substantially at the same time" as 

used herein means that the absolute value of the te mporal difference 

between a point in time at which the molten glass g ob and one of the 

press-molding surfaces are brought into contact wit h each other and a 

point in time at which the molten glass gob and the  other of the press-molding 

surfaces are brought into contact with each other i s 0.1 second or less.  

T2I)[C] 0  Temperature difference within press-molding surface 52A immediately before first pressing
step was carried out [CC] 50  Temperature difference within press-molding surface 62A immediately
before first pressing step was carried out [C] 50 Conditions for second pressing step Duration time of
second pressing step 2 seconds  
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The absolute value of the temporal difference is mo re preferably 0.05 

second or less, most preferably 0 seconds (at the s ame time).  Note that, 

for the sake of reference, in the vertical direct p ress, time taken for 

the molten glass gob to, after being brought into c ontact with the 

press-molding surface of the lower mold, be brought  into contact with 

the press-molding surface of the upper mold is gene rally on the order 

of 1.5 seconds to 3 seconds, depending on the condi tions of the press 

molding. 

 [0171] 

 Further, it is preferred that, as illustrated in F IG. 15, the 

press-molding surface 152A and the press-molding su rface 162A be brought 

into contact with the molten glass gob 124 substant ially at the same 

time, and, at least during the period in which the press-molding step 

is carried out, the temperature of the press-moldin g surface 152A of 

the first press mold 150 and the temperature of the  press-molding surface 

162A of the second press mold 160 be substantially the same.  With this, 

both the surfaces of the molten glass gob 124 which  is being formed into 

a plate shape in the first step and both the surfac es of the plate glass 

sandwiched between the pair of press molds 150 and 160 in the second 

step are continued to be cooled always symmetricall y.  In this case, 

compared with a case of the vertical direct press i n which a molten glass 

gob in a state of having a viscosity distribution d ue to long-term contact 

with a lower mold is press-molded, almost no temper ature difference is 

caused between both the surfaces of the plate glass  after being 

press-molded, and thus, deterioration of the flatne ss due to temperature 

difference between both the surfaces may be suppres sed with more 

reliability. 

 [0172] 

 "Substantially the same" as used herein means that  the absolute 

Temperature of plate glass 26 when second pressing step was completed (temperature when taken
out)[C] 495  Press pressure during the second pressing step was narripH nit  Reduced to 50% when
temperature of plate glass 26 reached temperature which was 40C higher than defromation point
Result of evaluation Flatness[pm] 4 
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value of the difference between the temperature of the press-molding 

surface 152A of the first press mold 150 and the te mperature of the 

press-molding surface 162A of the second press mold  160 is 10°C or less.  

The absolute value of the temperature difference is  more preferably 5°C 

or less, most preferably 0°C.  Note that, when a te mperature distribution 

exists within the press-molding surface 152A or 162 A, the "temperature 

of the press-molding surface" means the temperature  of the vicinity of 

a central portion of the press-molding surface.  No te that, for the sake 

of reference, in the vertical direct press, the abs olute value of the 

difference between the temperature of a press-moldi ng surface of an upper 

mold and the temperature of a press-molding surface  of a lower mold when 

a molten glass gob is being press-molded is general ly on the order of 

50°C to 100°C, depending on the conditions of the p ress molding. 

 [0173] 

 Here, in additional consideration of the viewpoint  of preventing 

the situation that press molding becomes difficult to carry out because 

of the increase of the viscosity of a falling molte n glass gob 124 or 

the situation that the position of press fluctuates  because of an 

excessively high falling speed, the falling distanc e is preferably 

selected from the range of 1,000 mm or less, more p referably selected 

from the range of 500 mm or less, still more prefer ably selected from 

the range of 300 mm or less, most preferably select ed from the range 

of 200 mm or less.  Note that, the lower limit of t he falling distance 

is not particularly limited, but is preferably 100 mm or more for practical 

use.  Note that, the term "falling distance" means a distance from the 

position at the moment when the forward end portion  122 is separated 

as the molten glass gob 124 as illustrated in FIG. 12, that is, the position 

at which the lower side blade 130 and the upper sid e blade 140 are overlapped 

in the vertical direction, to the position at the t ime of the start of 

Crack H  Productivity H  [Table 2-continued No.11  Example A7 Physical property values of glass
material used Deformation point [CC] 
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the press molding (the moment of the start of the p ress molding) as 

illustrated in FIG. 15, that is, the vicinity of th e almost central portion 

in the diameter direction of the press-molding surf aces 152A and 162A 

parallel to the falling direction Y1. 

 [0174] 

 After that, as illustrated in FIG. 16, when the mo lten glass gob 

124 is continuously pressed from its both sides wit h the first press 

mold 150 and the second press mold 160, the molten glass gob 124 is extended 

by pressure so as to have a uniform thickness aroun d the position at 

which the molten glass gob 124 and each of the pres s-molding surfaces 

152A and 162A first come into contact.  Then, as il lustrated in FIG. 17, 

the molten glass gob 124 is continuously pressed wi th the first press 

mold 150 and the second press mold 160 until the gu ide surface 154A and 

the guide surface 164A come into contact, thereby b eing formed into a 

disk-shaped or disk-like plate glass 126 between th e press-molding 

surfaces 152A and 162A.   

 [0175] 

 Here, the plate glass 126 illustrated in FIG. 17 h as substantially 

the same shape and thickness as the glass blank to be finally obtained.  

Further, the size and shape of both surfaces of the  plate glass 126 are 

the same size and shape of the molten glass stretch ing regions S1 and 

S2 (not shown in FIG. 17).  Further, the time taken  from the state at 

the time of the start of the press molding illustra ted in FIG. 15 until 

a state in which the guide surface 154A and the gui de surface 164A come 

into contact with each other as illustrated in FIG.  17 (hereinafter, 

sometimes referred to as "press molding time") is p referably 0.1 second 

or less from the viewpoint of forming the molten gl ass gob 124 into a 

plate glass.  Moreover, because a state in which th e guide surface 154A 

and the guide surface 164A come into contact with e ach other is established 

550  Strain point [C] 490 Press method Horizontal direct press Mold type Separate type Conditions for
first pressing step Temperature Tl of press-molding surface 52A immediately before first pressing step
was carried out [C] 500  
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at the time of the press molding, it becomes easy t o maintain the parallel 

state between the press-molding surface 152A and th e press-molding surface 

162A.  Note that, the lower limit of the press mold ing time is not 

particularly limited, however, it is preferably 0.0 5 second or more for 

practical use. 

 [0176] 

 Note that, as illustrated in FIG. 14 to FIG. 17, t he press mold 

150 has the press mold body 152 and the guide membe r 154, and the press 

mold 160 has a similar structure.  Here, in the fir st step, the press 

mold body 152 and the guide member 154 move in the direction of the arrow 

X1 at the same time and integrally, and the press m old body 162 and the 

guide member 164 move in the direction of the arrow  X2 at the same time 

and integrally. 

 [0177] 

 Further, the press molds 150 and 160 have the guid e members 154 

and 164, respectively, and thus, when the guide mem ber 154 and the guide 

member 164 are in contact with each other as illust rated in FIG. 17, 

the press-molding surface 152A and the press-moldin g surface 162A are 

held in parallel with each other.  Therefore, even if a state in which 

the press-molding surface 152A and the press-moldin g surface 162A are 

in parallel with each other cannot be held in the p rocess in which the 

press mold 150 moves in the direction of the arrow X1 and the press mold 

160 moves in the direction of the arrow X2 as illus trated in FIG. 14 

to FIG. 16, it is easy to significantly reduce a th ickness deviation 

in the obtained glass blank.  In consequence, a dri ve for driving the 

press molds 150 and 160 is not required to have sop histicated controlling 

ability to control the press-molding surface 152A a nd the press-molding 

surface 162A to be always held in a precisely paral lel state in a series 

of process illustrated in FIG. 14 to FIG. 17. 

Temperature T2 of press-molding surface 62A immediately before first pressing step was carried out
[C] 500  Temperature difference between press-molding surfaces(1T1- T21)[C] 0  Temperature
difference within press-molding surface 52A immediately before first pressing step was carried out
[CC] 50  Temperature difference within press-molding surface 62A immediately before first pressing
step was carried out [C] 50 
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 [0178] 

-Press-Molding Step (Second Step)- 

 In the second step, as illustrated in FIG. 17, the  press mold body 

152 of the first press mold 150 is driven so as to move in the direction 

of the arrow X1 and the press mold body 162 of the second press mold 

160 is driven so as to move in the direction of the  arrow X2 under the 

state in which the guide member 154 of the first pr ess mold 150 and the 

guide member 164 of the second press mold 160 are b rought into contact 

with each other.  This causes the plate glass 126 t o continue to be pressed 

by the press mold bodies 152 and 162. 

 [0179] 

 Note that, the plate glass 126 immediately after t he first step 

is completed is at a high temperature and has high fluidity (low viscosity).  

More specifically, the plate glass is in a quite ea sily deformable state 

and in a state in which the flatness thereof is lia ble to be deteriorated.  

Therefore, if the second step is completed when the  cooling of the plate 

glass 126 does not progress much with the high flui dity state being held, 

the plate glass 126 may be deformed after the secon d step is completed 

to deteriorate the flatness of the glass blank.  In  consequence, it is 

preferred that the second step be continued until t he temperature of 

the plate glass 126 is at least equal to or lower t han a temperature 

which is 10°C higher than the strain point of the g lass material forming 

the plate glass 126.  More specifically, it is pref erred that the plate 

glass 126 continue to be pressed by the press mold body 152 and the press 

mold body 162 until the temperature of the plate gl ass 126 is equal to 

or lower than the temperature which is 10°C higher than the strain point 

of the glass material forming the plate glass 126 w hile holding the state 

immediately after the first step is completed illus trated in FIG. 17.  

In this case, the plate glass 126 continues to be p ressed until the cooling 

Conditions for second pressing step Duration time of second pressing step 2 seconds  Temperature of
plate glass 26 when second pressing step was completed (temperature when taken out)[C] 495  Press
pressure during the second pressing step was narrigdnilf  Reduced to 50% when temperature of plate
glass 26 reached temperature which was 40C 
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of the plate glass 126 sufficiently progresses and the temperature reaches 

a range in which the fluidity thereof is lost and d eformation thereof 

becomes impossible in effect.  More specifically, t he plate glass 126 

may be solidified while holding a state in which th e deformation of the 

plate glass 126 immediately after the first step is  completed is 

suppressed.  In consequence, the flatness of the pr oduced glass blank 

may be improved. 

 [0180] 

 Here, the duration time of the second step is pref erably controlled 

so that the flatness of the glass blank is 10 µm or less(within 10 µm), 

more preferably controlled so that the flatness of the glass blank is 

4 µm or less(within 10 µm).  Note that, if the duration time of the second 

step is short, strain due to disturbance is caused in the plate glass 

126 in the process of being cooled, and the strain facilitates 

deterioration of the flatness of the glass blank.  Therefore, it is 

preferred that the glass blank be manufactured in a  manner that the duration 

time of the second step is changed and the flatness  of the obtained glass 

blank is measured, and based on the result, the dur ation time of the 

second step is set so that the flatness is 10 µm or less(within 10 µm).  

However, if the duration time of the second step is  too long, the 

productivity is reduced.  It follows that the durat ion time of the second 

step should be set taking into consideration the fl atness of the glass 

blank and the productivity.  From these viewpoints,  specifically, it is 

preferred that the duration time of the second step  be in a range of 

2 to 40 seconds, and be in a range of 2 to 30 secon ds. 

 [0181] 

 Further, in order to control the flatness of the g lass blank to 

be 10 µm or less(within 10 µm), in the second step, it is particularly 

preferred that the duration time of the second step  be selected so that 

lower than defromation point Result of evaluation Flatness[pm] 4  Crack H  Productivity H  [Table
2-continued No.2] 
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the plate glass continues to be pressed until the t emperature reaches 

a range in which the fluidity of the plate glass is  lost and deformation 

thereof becomes impossible in effect.  In this case , the plate glass 126 

may be solidified while holding a state in which th e deformation of the 

plate glass 126 immediately after the first step is  completed is 

suppressed.  In consequence, the flatness of the pr oduced glass blank 

may be improved.  Here, the duration time of the se cond step is preferably 

selected so that the temperature of the plate glass  when the second step 

is completed is equal to or lower than a temperatur e which is 10°C higher 

than the strain point of the glass material forming  the plate glass, 

more preferably selected so that the temperature is  equal to or lower 

than a temperature which is 5°C higher than the str ain point, still more 

preferably selected so that the temperature is equa l to or lower than 

the strain point.  On the other hand, the lower lim it of the temperature 

of the plate glass when the second step is complete d is not specifically 

limited, but, from the viewpoint of suppressing red uction of the 

productivity due to prolonged time necessary for ca rrying out the second 

step, practically, it is preferred that the lower l imit be equal to or 

higher than the strain point.  Therefore, it is pre ferred that the upper 

limit of the duration time of the second step be se lected from this 

viewpoint. 

 [0182] 

 Note that, during a period from immediately after the start of 

the first step at which the press-molding surfaces 152A and 162A and 

the molten glass gob 124 are brought into contact w ith each other to 

a point in time when the second step is completed, the temperature of 

the glass located between the press-molding surface  152A and the 

press-molding surface 162A (the molten glass gob 12 4 and the plate glass 

126) is generally significantly lowered from on the  order of 1,200±50°C 

Example A8 Physical property values of glass material used Deformation point [C] 550  Strain point [C]
490 Press method Horizontal direct press Mold type Separate type 
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to on the order of 480°C±20°C, depending on the gla ss material used in 

the press molding.  In consequence, in the second s tep, as the temperature 

is significantly lowered in this way, heat shrinkag e of the plate glass 

126 in the diameter direction progresses.  The heat  shrinkage becomes 

more conspicuous when the second step continues unt il the temperature 

of the plate glass 126 reaches a lower temperature range, in particular, 

a temperature range which is equal to or lower than  a temperature that 

is 10°C higher than the strain point of the glass m aterial forming the 

plate glass 126.  On the other hand, in the second step, the press-molding 

surfaces 152A and 162A which are in contact with bo th the surfaces of 

the plate glass 126 are thought to continue to abso rb heat of the plate 

glass 126 to thermally expand in an in-plane direct ion or, by completing 

absorption of enough heat from the plate glass 126,  stop thermal expansion 

in the in-plane direction or turn to mild heat shri nkage. 

 [0183] 

 More specifically, in the second step, a differenc e occurs between 

the extent of the thermal expansion / heat shrinkag e of both the surfaces 

of the plate glass 126 and that of the press-moldin g surfaces 152A and 

162A.  Therefore, in the second step, force to exte nd in the diameter 

direction of the plate glass 126, that is, force in  the direction opposite 

to the heat shrinkage acts on both the surfaces of the plate glass 126 

which is undergoing the heat shrinkage by the press -molding surfaces 

152A and 162A.  However, in the second step, the fl uidity of the plate 

glass 126 is significantly lowered as the second st ep progresses, and 

thus, if excessive stress acts on the plate glass 1 26, brittle fracture 

in the plate glass 126 is liable to occur.  Therefo re, if the force in 

the direction opposite to the heat shrinkage always  continues to act 

on both the surfaces of the plate glass 126, excess ive stress acts on 

the plate glass 126 in the in-plane direction, whic h may result in a 

Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500  Temperature T2 of press-molding surface 62A immediately
before first pressing step was carried out [C] 500  Temperature difference between press-molding
surfaces(IT1- T2I)[C] 0  Temperature difference within press-molding surface 52A immediately before
first pressing step was carried out [00] 
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crack in the plate glass 126. 

 [0184] 

 In order to prevent such a crack in the plate glas s 126, (1) to 

use as a material forming the press molds 150 and 1 60 a material having 

the thermal expansion coefficient similar to that o f the glass material 

forming the plate glass 126, and in addition, (2) i n the second step, 

to carry out cooling with the temperature of the pl ate glass 126 and 

the temperatures of the press-molding surfaces 152A  and 162A being 

synchronized with each other are thought of.  Howev er, the second step 

involves the significant temperature change, and th us, in order to carry 

out the above-mentioned cooling, it is necessary to  cause the cooling 

speed to be very low.  However, in this case, time necessary for carrying 

out the second step significantly increases, and th us, there is a 

possibility that the mass productivity is lowered s ignificantly, which 

is not practical. 

 [0185] 

 Taking into consideration the points described abo ve, in order 

to prevent a crack in the plate glass 26 in the sec ond step with more 

reliability, it is preferred that, in the second st ep, a press pressure 

be reduced with time.  In this case, reduction of t he press pressure reduces 

friction coefficients between both the surfaces of the plate glass 126 

and the press-molding surfaces 152A and 162A, respe ctively.  As a result, 

slippage occurs between both the surfaces of the pl ate glass 126 and 

the press-molding surfaces 152A and 162A, respectiv ely, which facilitates 

interruption of force which acts on both the surfac es of the plate glass 

126 in the opposite direction to the heat shrinkage  and which is a cause 

of a crack.  The phrase "press pressure is reduced with time " as used 

herein includes, in the second step, not only a cas e in which the press 

pressure is reduced with time but also a case in wh ich, even if the press 

50  Temperature difference within press-molding surface 62A immediately before first pressing step
was carried out [C] 50 Conditions for second pressing step Duration time of second pressing step 2
seconds  Temperature of plate glass 26 when second pressing step was completed (temperature
when taken out)[C] 495   
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pressure is temporarily increased or maintains a fi xed value with time, 

when change in press pressure with time is approxim ated by a linear 

equation, the slope thereof is negative.  Further, the press pressure 

may be reduced stepwise with time, or may be reduce d continuously with 

time. 

 [0186] 

 Note that, when the press pressure is reduced step wise with time, 

the press pressure is preferably reduced when the t emperature of the 

plate glass 126 sandwiched between the first press mold 150 and the second 

press mold 160 is lowered to a range of ±30°C from the defromation point 

of the glass material forming the plate glass 126.  This enables more 

effective suppression of a crack in the plate glass  126 with relatively 

simple control of the press pressure.  Note that, i n this case, from the 

viewpoint of accomplishing in balance both the supp ression of a crack 

in the plate glass 126 with reliability and the sup pression of 

deterioration of the flatness, the press pressure i s preferably in a 

range of on the order of 1% to 10% after the reduct ion with that before 

the reduction being 100%. 

 [0187] 

-Taking Out Step- 

 After the second step is carried out, the taking o ut step is carried 

out in which the first press mold 150 and the secon d press mold 160 are 

moved away from each other and the plate glass 126 sandwiched between 

the first press mold 150 and the second press mold 160 is taken out.  

The taking out step may be carried out as, for exam ple, described in 

the following.  First, as illustrated in FIG. 18, t he first press mold 

150 is moved in the direction of the arrow X2 and t he second press mold 

160 is moved in the direction of the arrow X1 so th at the first press 

mold 150 and the second press mold 160 are moved aw ay from each other.  

Press pressure during the second pressing step was carried out Reduced to 50% when temperature of
plate glass 26 reached defromation point Result of evaluation Flatness[pm] 4  Crack A  Productivity 
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This releases the press-molding surface 162A from t he plate glass 126.  

Next, as illustrated in FIG. 19, the plate glass 12 6 is released from 

the press-molding surface 152A, and the plate glass  126 is caused to 

fall to the downward Y1 side in the vertical direct ion and is taken out.  

Note that, when the plate glass 126 is released fro m the press-molding 

surface 152A, by applying force from an outer perip heral direction of 

the plate glass 126, the plate glass 126 may be rel eased as if the plate 

glass 126 is stripped off.  In this case, the plate  glass 126 may be taken 

out without applying great force thereto.  Note tha t, in taking out the 

plate glass 126, the plate glass 126 may be release d from the press-molding 

surface 162A after the plate glass 126 is released from the press-molding 

surface 152A.  Finally, the plate glass 126 which i s taken out is annealed 

as necessary to reduce or remove strain thereon, an d a base material 

from which the magnetic recording medium glass subs trate is formed, that 

is, the glass blank, is obtained. 

 [0188] 

-Glass Blank- 

 With regard to the glass blank obtained by the met hod of 

manufacturing a glass blank according to the second  embodiment described 

above, the flatness may be caused to be, for exampl e, 10 µm or less(within 

10 µm), and it is extremely easy to even cause the flat ness to be 4 µm 

or less(within 4 µm).  Note that, from the viewpoint of eliminating o r 

shortening downstream steps such as a lapping step which are carried 

out mainly for the purpose of improving the flatnes s, the flatness is 

preferably 4 µm or less(within 4 µm). 

 [0189] 

 Note that, the method of manufacturing a glass bla nk according 

to the second embodiment is also suitable for manuf acturing a thinner 

glass blank having good flatness.  Specifically, th e method is suitable 

B  [Table 2-continued No.3]  Example A9 Comparative Example Al Comparative Example A2 Physical
property values of glass material used Deformation point [C] 550 
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for manufacturing a glass blank having a thickness of 2 mm or less and 

a flatness of 10 µm or less (within 10 µm).  The thickness is more preferably 

1.5 mm or less, still more preferably 1.2 mm or les s, yet more preferably 

1.0 mm or less. 

 [0190] 

-Press Mold- 

 The press mold 150 used in the method of manufactu ring a glass 

blank according to the second embodiment includes a t least the press 

mold body 152 and the guide member 154.  The press mold 160 includes at 

least the press mold body 162 and the guide member 164, and has the same 

structure as that of the press mold 150.  In the fo llowing, the press 

mold 150 is described as an example.  First, in the  press mold 150, the 

press mold body 152 and the guide member 154 are fo rmed as separate members.  

Therefore, in the first step, the press mold body 1 52 and the guide member 

154 may be integrally driven so as to be pushed to the side of the press 

mold 160 which is placed to be opposed thereto, and , in the second step, 

only the press mold body 152 may be driven so as to  be relatively pushed 

with respect to the guide member 154 to the side of  the press mold 160 

which is placed to be opposed thereto.  The press m old 150 has the structure 

and function as described above, and hence, the thi ckness deviation and 

the flatness of the glass blank may be reduced more . 

 [0191] 

 Note that, if attention is given only to reducing the thickness 

deviation, a press mold in which the press mold bod y 152 and the guide 

member 154 are integrally formed may be used.  Howe ver, in a press mold 

of this type, it is not possible to drive only the press mold body 152 

so as to be relatively pushed with respect to the g uide member 154 to 

the side of the press mold 160 which is placed to b e opposed thereto.  

Therefore, even if, after the first step is complet ed, the state in which 

550 550  Strain point [C] 490 490 490 Press method Horizontal direct press Horizontal 
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the guide member 154 and the guide member 164 are i n contact with each 

other is continued, both the surfaces of the plate glass 126 cannot be 

supported by bringing the press-molding surfaces 15 2A and 162A always 

into intimate contact therewith without a gap.  In consequence, the glass 

blank is liable to deteriorate in flatness. 

 [0192] 

 Further, if attention is given only to reducing th e flatness, a 

press mold which does not include the guide member 154 (guide-memberless 

mold) may be used.  With a press mold of this type,  even after the molten 

glass gob 124 is press-molded into the plate glass 126, both the surfaces 

of the plate glass 126 may be supported by bringing  the press-molding 

surfaces 152A and 162A always into intimate contact  therewith without 

a gap.  However, the guide members 154 and 164 do n ot exist, and thus, 

unless the press mold is driven extremely precisely , it is difficult 

to carry out the press molding with the press-moldi ng surface 152A and 

the press-molding surface 162A being held precisely  in parallel with 

each other.  Therefore, the glass blank is liable t o deteriorate in 

thickness deviation. 

 [0193] 

 Taking into consideration the points described abo ve, the press 

mold 150 (and the press mold 160) including at leas t the guide member 

154 and the press mold body 152 which are formed as  separate members 

is extremely advantageous in that both the thicknes s deviation and the 

flatness of the glass blank may be improved in a ba lanced manner. 

 [0194] 

 It is preferred to use a metal or an alloy as a ma terial for forming 

each of the press molds 150 and 160 in view of heat  resistance, workability, 

and durability.  In this case, in view of the tempe rature of molten glass, 

the heat resistant temperature of the metal or allo y for forming each 

direct press Horizontal direct press Mold type Separate type Integral type Integral type 
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of the press molds 150 and 160 is preferably 1,000° C or more, more preferably 

1,100°C or more.  Specific examples of the material  for forming each of 

the press molds 150 and 160 preferably include ferr um casting ductile 

(FCD), alloy tool steel (such as SKD61), high-speed  steel (SKH), cemented 

carbide, Colmonoy, and Stellite.  Note that, it may  be possible to control 

the press molding by cooling the press molds 150 an d 160 by using a cooling 

medium such as water or air so that the temperature s of the press molds 

150 and 160 do not rise.  Further, for the purpose of causing the 

temperature distribution within the press-molding s urfaces 152A and 162A 

to be uniform, the cooling medium may be used to co ol the vicinity of 

the central portions of the press-molding surfaces 152A and 162A and/or 

a heating member such as a heater may be placed on outer peripheral sides 

of the press molds 150 and 160 to heat the outer ed ge sides of the 

press-molding surfaces 152A and 162A. 

 [0195] 

 Further, regions (molten glass stretching regions S1 and S2) in 

contact with at least the plate glass 126 of the pr ess-molding surfaces 

152A and 162A of the first press mold 150 and the s econd press mold 160, 

respectively, may be surfaces having formed thereon  as significant an 

irregular portion as, for example, a convex portion  for forming in the 

surfaces of the glass blank a V-shaped groove or th e like having the 

depth on the order of 1/3 to 1/4 of the thickness t hereof, but, usually, 

it is preferred that the regions be substantially f lat surfaces.  Note 

that, the whole of the press-molding surfaces 152A and 162A may be 

substantially flat surfaces.  A reason for this is that, when a large 

V-shaped groove is formed in the glass blank, a cra ck defect which is 

assumed to be due to stress concentration on the V- shaped groove portion 

is liable to be caused.  In addition to this, when a significantly irregular 

portion is formed in the molten glass stretching re gions S1 and S2, heat 

Conditions for first pressing step Temperature Ti of press-molding surface 52A immediately before first
pressing step was carried out [C] 500 500 500  Temperature T2 of press-molding surface 62A
immediately before first pressing step was carried out [C] 500 500 500  Temperature difference
between press-molding surfaces(Ill- 
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shrinkage of the plate glass 126 in the diameter di rection in the second 

step is prevented.  Therefore, excessive stress is produced in the plate 

glass 126 in the in-plane direction, which causes t he plate glass 126 

to be liable to be cracked. 

 [0196] 

 Here, the term "substantially flat surface" not on ly means a usual 

flat surface whose curvature is substantially zero,  but also means a 

surface having such a very small curvature that a s lightly convex surface 

or a slightly concave surface is formed.  Further, it is naturally allowed 

for the "substantially flat surface" to have minute  irregularities which 

are formed when usual flattening processing, usual mirror polishing 

processing, or the like is applied at the time of m anufacturing press 

molds, and it is also acceptable for the " substant ially flat surface 

" to have convex portions and/or concave portions l arger than the minute 

irregularities, if necessary. 

 [0197] 

 Here, it is allowed for the convex portion larger than the minute 

irregularity to include a substantially point-shape d convex portion 

and/or a substantially linear-shaped convex portion  each having such 

a height of 20 µm or less that those portions have a slight chance of 

bringing about the deterioration of flow resistance  and promoting the 

partial cooling of a molten glass gob.  Note that, the height is preferably 

10 µm or less, more preferably 5 µm or less.  Further, when the convex 

portion larger than the minute irregularity is a tr apezoid-shaped convex 

portion having a minimum width in top surface on th e order of several 

millimeters or more, or a dome-shaped convex portio n having nearly the 

same height and size as the trapezoid-shaped convex  portion instead of 

the substantially point-shaped convex portion and s ubstantially 

linear-shaped convex portion, the above-mentioned c hance of bringing 

T2I)[C] 0 0 0  Temperature difference within press-molding surface 52A iraraediately before first
pressing step was carried out [C] 0 un 0 un 0 V) 
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about the deterioration of flow resistance and prom oting the partial 

cooling of a molten glass gob becomes smaller, and hence the convex portion 

is allowed to have a height of 50 µm or less.  Note that, the height is 

preferably 30 µm or less, more preferably 10 µm or less.  Further, from 

the viewpoint of suppressing the occurrence of a cr ack due to stress 

concentration at the intersection part between the bottom surface and 

a side surface of the trapezoid-shaped convex porti on, it is preferred 

that the side surface of the trapezoid-shaped conve x portion be a flat 

surface having an angle of slope of 0.5° or less wi th respect to the 

top surface, or be a curved surface created by modi fying the flat surface 

to a concave surface.  Note that, the angle is more  preferably 0.1° or 

less. 

 [0198] 

 Further, it is allowed for the concave portion lar ger than the 

minute irregularity to include a substantially poin t-shaped concave 

portion and/or a substantially linear-shaped concav e portion each having 

a depth of 20 µm or less, in order that, for example, the deterior ation 

of the flowability of molten glass flowing into the  concave portion at 

the time of press molding is not brought about.  No te that, the depth 

is preferably 10 µm or less, more preferably 5 µm or less.  Further, when 

the concave portion larger than the minute irregula rity is an inverted 

trapezoid-shaped concave portion having a minimum w idth in top surface 

on the order of several millimeters or more, or an inverted dome-shaped 

concave portion having nearly the same depth and si ze as the inverted 

trapezoid-shaped concave portion instead of the sub stantially 

point-shaped concave portion and substantially line ar-shaped concave 

portion, the above-mentioned chance of bringing abo ut the deterioration 

of the flowability becomes smaller, and hence the c oncave portion is 

allowed to have a depth of 50 µm or less.  Note that, the depth is preferably 

Temperature difference within press-molding surface 62A immediately before first pressing step was
carried out [C] 50 50 50 Conditions for second pressing step Duration time of second pressing step
Longer than 2 seconds Shorter than 2 seconds 
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30 µm or less, more preferably 10 µm or less.  Further, from the viewpoint 

of suppressing the occurrence of a crack due to str ess concentration 

at the intersection part between the bottom surface  and a side surface 

of the trapezoid-shaped convex portion, it is prefe rred that the side 

surface of the trapezoid-shaped convex portion be a  flat surface having 

an angle of slope of 0.5° or less with respect to t he bottom surface, 

or be a curved surface created by modifying the fla t surface to a concave 

surface.  Note that, the angle is more preferably 0 .1° or less. 

 [0199] 

 Note that, as illustrated in FIG. 14 to FIG. 19, t he specific 

structure of the press mold 150 (and the press mold  160) is not specifically 

limited insofar as the press mold 150 includes at l east the press mold 

body 152 and the guide member 154 and the first ste p and the second step 

may be carried out.  However, it is preferred that the press mold 150 

further include, in addition to the press mold body  152 and the guide 

member 154, a first pushing member and a second pus hing member.  Here, 

the first pushing member has at least the function of pushing the press 

mold body 152 and the guide member 154 at the same time in a direction 

perpendicular to the press-molding surface 152A and  to the side of the 

press mold 160 which is placed to be opposed to the  press-molding surface 

152A.  The second pushing member has at least the f unction of, after the 

guide member 154 and a part of the press mold 160 ( guide member 164) 

which is placed to be opposed to the press-molding surface 152A are brought 

into contact with each other by the first pushing m ember, pushing the 

press mold body 152 in the direction perpendicular to the press-molding 

surface 152A and to the side of the press mold 160 which is placed to 

be opposed to the press-molding surface 152A. 

 [0200] 

 FIG. 20 is a schematic sectional view for illustra ting one example 

pressing step was not carried out  Temps,"=*-ra ^c plate glass 26 when second pressing step was
completed (temperature when taken out)[C] 485 Second 520   Press pressure during the second
pressing step was carried out 
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of the press mold used in the method of manufacturi ng a glass blank for 

a magnetic recording medium glass substrate accordi ng to the second 

embodiment, and more specifically, a view for illus trating one example 

of the more specific structures of the press molds 150 and 160.  In FIG. 

20, like reference numerals are used to designate m embers similar to 

those illustrated in FIG. 14 to FIG. 19.  Further, a press mold 150S 

illustrated in FIG. 20 is a corresponding to the pr ess mold 150, but 

a similar structure may be adopted in the press mol d 160.  Here, a principal 

part of the press mold 150S includes the press mold  body 152, the guide 

member 154, a first pushing member 156, and a secon d pushing member 158.  

Central axes of the members are coincident (dot-and -dash line X in the 

figure), and the central axes are substantially coi ncident with the 

horizontal direction. 

 [0201] 

 Here, the press mold body 152 is formed of a circu lar cylinder 

having one end surface that forms the circular pres s-molding surface 

152A.  Note that, the shape of the press mold body 152 is a circular cylinder 

in the example illustrated in FIG. 20, but the shap e is not specifically 

limited insofar as the shape is substantially colum nar.  In the example 

illustrated in FIG. 20, the press-molding surface 1 52A is a substantially 

flat surface. 

 [0202] 

 The guide member 154 is a hollow circular cylinder , which has a 

length in an axial direction X that is longer than the length in the 

axial direction X of the press mold body 152 which is a circular cylinder, 

which houses the press mold body 152 in an inner pe ripheral side, and 

which has one end surface (guide surface 154A) that  is brought into contact 

with the guide member of the other press mold (not shown in the figure) 

when pushed by the first pushing member 156.  Here,  the difference between 

Always constant Always constant  Result of evaluation Flatness[pm] 3 11 20  Crack 



 104

the length of the guide member 154 and the length o f the press mold body 

152 in the axial direction X, in other words, a hei ght difference H between 

the guide surface 154A and the press-molding surfac e 152A in the axial 

direction X, corresponds to a length which is appro ximately a half of 

the thickness of the glass blank to be produced.  N ote that, the shape 

of the guide member 154 is a hollow circular cylind er, but the shape 

is not specifically limited insofar as the shape is  hollow columnar. 

 [0203] 

 The first pushing member 156 is formed of a disk-l ike member.  Here, 

one surface (pushing surface 156A) of the disk-like  first pushing member 

156 is a flat surface which is in contact with the other end surface 

(pushed surface 152B) of the press mold body 152 an d with the other end 

surface (pushed surface 154B) of the guide member 1 54.  Further, a through 

hole 156H which passes through the first pushing me mber 156 in the thickness 

direction is provided in a part of a region which i s opposed to the pushed 

surface 152B of the press mold body 152.  Note that , a surface 156B which 

is opposite to the pushing surface 156A is connecte d to a first drive 

(not shown).  Therefore, in the press molding, by t he first drive, the 

press mold body 152 and the guide member 154 may be  pushed at the same 

time via the first pushing member 156 in the axial direction-X illustrated 

in the figure from the side on which the first push ing member 156 is 

placed to the side on which the press mold body 152  and the guide member 

154 are placed. 

 [0204] 

 Note that, in the example illustrated in FIG. 20, the shape of 

the first pushing member 156 is a disk, but the sha pe is not specifically 

limited insofar as the shape is substantially plate -like.  Further, the 

through hole 156H is provided as a hole having a ci rcular opening along 

the central axis X of the press mold body 152 and t he first pushing member 

A B A  Productivity C B A  [0274][Table 3]  Comparative 
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156, but an arbitrary number of the through holes 1 56H may be provided 

at arbitrary positions in the first pushing member 156 insofar as the 

positions are in a part of the region which is oppo sed to the pushed 

surface 152B of the press mold body 152.  Further, the shape of the opening 

of the through hole 156H may be appropriately selec ted as well.  However, 

it is particularly preferred that the through hole( s) 156H be provided 

so as to have point symmetry with respect to the ce ntral axis X of the 

press mold body 152. 

 [0205] 

 The second pushing member 158 is formed of a rod-l ike member which 

is placed within the through hole 156H and is conne cted to the pushed 

surface 152B side of the press mold body 152.  Note  that, the shape of 

the second pushing member 158 is a circular cylindr ical rod in the example 

illustrated in FIG. 20, but the shape is not specif ically limited insofar 

as the second pushing member 158 may move the press  mold body 152 in 

the X axis direction.  Note that, an end of the sec ond pushing member 

158 which is opposite to an end thereof connected t o the pushed surface 

152B side is connected to a second drive (not shown ).  Therefore, in the 

press molding, by the second drive, only the press mold body 152 may 

be pushed via the second pushing member 158 along t he axial direction 

X from the side on which the second pushing member 158 is placed to the 

side on which the press mold body 152 is placed. 

 [0206] 

 Note that, in the press molding, in order to facil itate thin and 

uniform stretch of the molten glass gob 124, it is preferred that the 

temperature distribution within the press-molding s urface 152A be 

controllable to be uniform.  In order to attain thi s, (1) a heating member 

for heating the vicinity of an outer edge side of t he press-molding surface 

152A may be provided, and/or (2) a flow path throug h which a cooling 

Example A3 Comparative Example A4 Comparative Example AS Physical property values of glass
material used Deformation point [C] 550 550 550  Strain point[C] 
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medium flows may be provided in the press mold body  152 and at least 

in the vicinity of the central portion on the press -molding surface 152A 

side. 

 [0207] 

 Here, the heating member may be, for example, a cy lindrical heater 

placed on an outer peripheral side of the guide mem ber 154 or bar-like 

heaters in parallel with the axial direction X whic h are placed at regular 

intervals along a peripheral direction of the guide  member 154.  Note 

that, these heaters may be built in the guide membe r 154, or may be placed 

so as to be embedded on an outer peripheral surface  side of the press 

mold body 152.  Further, as the cooling liquid, a l iquid such as water, 

a gas such as air, a gas in which a liquid is dispe rsed by being sprayed, 

or the like may be used. 

 [0208] 

 Further, as the press molds 150 and 160, a press m old illustrated 

in FIG. 21 may be used.  FIG. 21 is a schematic sec tional view illustrating 

another example of the press mold used in the metho d of manufacturing 

a glass blank for a magnetic recording medium glass  substrate according 

to the second embodiment.  Note that, in FIG. 21, l ike reference numerals 

are used to designate members having substantially the same or similar 

functions as those illustrated in FIG. 20. 

 [0209] 

 Here, a principal part of a press mold 200 illustr ated in FIG. 

21 includes the press mold body 152, the guide memb er 154, the first 

pushing member 156, and the second pushing member 1 58.  Central axes of 

the members (dot-and-dash line X in the figure) are  coincident, and the 

central axes are substantially coincident with the horizontal direction.  

Note that, the press mold 200 illustrated in FIG. 2 1 and the press mold 

150S illustrated in FIG. 20 are similar in includin g the press mold body 

490 490 490 Press method Vertical directVertical press press directVertical      direct press Conditions
for pressing step Temperature Tl of press-molding surface of upper mold Immediately before pressing
step was carried out [C] 380 380 
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152, the guide member 154, the first pushing member  156, and the second 

pushing member 158, but are greatly different from each other mainly 

in the following points.  That is, compared with th e case of the press 

mold 150S illustrated in FIG. 20, in the press mold  200 illustrated in 

FIG. 21, (1) the press mold body 152 and the guide member 154 are placed 

so that an outer peripheral surface of the press mo ld body 152 and an 

inner peripheral surface of the guide member 154 ar e substantially 

distanced from each other, (2) the press mold body 152 and the first 

pushing member 156 are placed so that the pushed su rface 152B of the 

press mold body 152 and the pushing surface 156A of  the first pushing 

member 156 are substantially distanced from each ot her, and (3) a support 

member 170 is placed between the pushed surface 152 B and the pushing 

surface 156A along the outer peripheral side of the  pushed surface 152B. 

 [0210] 

 Here, the press mold body 152 is formed of a circu lar cylinder 

having one end surface that forms the circular pres s-molding surface 

152A.  Note that, the shape of the press mold body 152 is a disk in the 

example illustrated in FIG. 20, but the shape is no t specifically limited 

insofar as the shape is substantially disk.  In the  example illustrated 

in FIG. 21, the press-molding surface 152A is a sub stantially flat surface.  

Further, the support member 170 is placed so as to be fixed to any one 

of the pushed surface 152B and the pushing surface 156A, and is movable 

away from the other surface.  Note that, as the sup port member 170, for 

example, a ring-like member may be used. 

 [0211] 

 In the press mold 200 illustrated in FIG. 21, the first pushing 

member 156 may push the guide member 154 to the oth er press mold which 

is placed to be opposed to the press mold 200.  In this case, at the same 

time, the press mold body 152 is also pushed via th e support member 170 

380  Temperature T2 of press-molding surface of lower mold immediately before pressing step was
carried out [C] 480 480 480  Temperature difference between press-molding surfaces(IT1-T21) [C] 100
100 100 
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to the other press mold which is placed to be oppos ed to the press mold 

200.  Further, the second pushing member 158 may pu sh only the press mold 

body 152 to the other press mold which is placed to  be opposed to the 

press mold 200.  Note that, in the example illustra ted in FIG. 20, in 

the press molding, a pressing force is applied to t he press mold body 

152 (1) in the vicinity of a central portion or (2)  in the vicinity of 

an outer edge portion of the pushed surface 152B.  Therefore, it is 

preferred that conditions of the press such as the thickness, the material, 

the strength, and the like of the press mold body 1 52, the strength and 

the like of the support member 170, or the press pr essure are selected 

so that the press mold body 152 does not warp no ma tter where among the 

locations of (1) and (2) the pressing force is appl ied. 

 [0212] 

 Note that, the example illustrated in FIG. 14 to F IG. 19 is directed 

to the second pressing process.  When the first pre ssing process is carried 

out, for example, only one of the pair of press mol ds needs to employ 

the press mold 150S illustrated in FIG. 20 or the p ress mold 200 illustrated 

in FIG. 21.  In this case, as the other press mold,  for example, a press 

mold which is substantially formed of only a press mold body portion 

such as a simple disk-like member or cylindrical me mber to be described 

below (for example, a press mold 310 to be describe d below illustrated 

in FIG. 23) may be used.  In this case, for example , in the first step, 

a part of the other press mold (for example, the pr ess-molding surface 

thereof) and the guide surface 154A are brought int o contact with each 

other, and, in the second step, the press mold body  152 is further pushed 

to the side of the other press mold under the state  in which the part 

of the other press mold and the guide surface 154A are in contact with 

each other. 

 [0213] 

Temperature difference within press-molding surface of upper moldimmediately before pressing step
was carried out [C1 30 30 30  Temperature difference within press-molding surface of lower mold
immediately before pressing step was carried out [C] 30 30 30  
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-Glass Material- 

 The glass material used in the method of manufactu ring a glass 

blank according to the second embodiment is not spe cifically limited 

insofar as the glass material has physical properti es suitable for a 

magnetic recording medium glass substrate, in parti cular, a high thermal 

expansion coefficient, further, high stiffness, or heat resistance and 

the like, and, at the same time, the glass material  may be easily 

press-molded into a plate shape by the horizontal d irect press.  It is 

desired that the thermal expansion coefficient be s imilar to the thermal 

expansion coefficient of a holder for holding the m agnetic recording 

medium.  More specifically, the average linear expa nsion coefficient at 

100 to 300°C is preferably 70×10 -7 /°C or more, more preferably 75×10 -7 /°C 

or more, still more preferably 80×10 -7 /°C or more, yet still more preferably 

85×10 -7 /°C or more.  The upper limit of the average linear  expansion 

coefficient is not specifically limited, but, pract ically, preferably 

120×10 -7 /°C or less.  For the purpose of reducing deflectio n which is 

caused when the magnetic recording medium rotates a t high speed, a glass 

material having high stiffness is desired.  More sp ecifically, the Young's 

modulus is preferably 70 GPa or more, more preferab ly 75 GPa or more, 

still more preferably 80 GPa or more, yet still mor e preferably 85 GPa 

or more.  The upper limit of the Young's modulus is  not specifically 

limited, but, practically, preferably 120 GPa or le ss.  Further, by using 

a glass material which is excellent in heat resista nce, the substrate 

may be processed at a high temperature in the proce ss of manufacturing 

a magnetic recording medium, and hence, the glass t ransition temperature 

of the glass material is preferably 600°C or more, more preferably 610°C 

or more, still more preferably 620°C or more, yet s till more preferably 

630°C or more.  Note that, the upper limit of the g lass transition 

temperature is not specifically limited, but, from a practical viewpoint 

Temperature of plate glass when pressing step was completed (temperature when taken out) [C] 500
495 500 Presence/absence of upper mold for cooling used Absence Absence Presence Results of
evaluation Flatness[pm] 20 
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of suppressing temperature rise in the press moldin g and the like, is 

preferably 780°C or less.  Using a glass material w hich has a high thermal 

expansion coefficient, high stiffness, and heat res istance is effective 

in obtaining a glass substrate suitable for a magne tic recording medium 

having a high recording density. 

 [0214] 

 As the composition of the glass material, a compos ition which may 

easily materialize physical properties suitable for  a magnetic recording 

medium glass substrate may be appropriately selecte d, and for example, 

a glass composition of a conventional glass materia l for the vertical 

direct press may be appropriately selected, but it is preferred that 

aluminosilicate glass be selected.  Note that, a co mposition of 

aluminosilicate glass described below is particular ly preferred, because 

all of heat resistance, high stiffness, and a high thermal expansion 

coefficient may be easily accomplished in a well-ba lanced way.   

 [0215] 

 That is, it is preferred that the glass compositio n of the glass 

(hereinafter, referred to as "Glass Composition 1") , expressed in mol%, 

include 

50 to 75% of SiO 2 , 

0 to 5% of Al 2O3 , 

0 to 3% of Li 2O, 

0 to 5% of ZnO, 

3 to 15% in total of at least one kind of component  selected from Na 2O 

and K 2O, 

14 to 35% in total of at least one kind of componen t selected from MgO, 

CaO, SrO, and BaO, and 

2 to 9% in total of at least one kind of component selected from ZrO 2 , 

TiO 2 , La 2O3 , Y 2O3 , Yb 2O3 , Ta 2O5 , Nb 2O5 , and HfO 2 , and 

15 15  Crack Not evaluated  Productivity ADA  [0275]         Note that,
theevaluationmethodfortheflatness andtheevaluation method and the evaluation criteria for the crack
and the productivity shown in Table 1 to Table 3 are as described below. [0276] 
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the molar ratio {(MgO+CaO)/(MgO+CaO+SrO+BaO)} be in  the range of 0.8 

to 1 and the molar ratio {Al 2O3 /(MgO+CaO)} be in the range of 0 to 0.30. 

 [0216] 

 A preferred range of the average linear expansion coefficient of 

Glass Composition 1 at 100 to 300°C is 70×10 -7 /°C or more, a preferred 

range of the glass transition temperature is 630°C or more, and a preferred 

range of the Young's modulus is 80 GPa or more.  Gl ass Composition 1 is 

suitable as a material of a magnetic recording medi um glass substrate 

of an energy-assisted method using a high Ku magnet ic material. 

 [0217] 

 Further, as a glass material which has a high ther mal expansion 

coefficient, which is excellent in acid resistance and alkali resistance, 

which reduces the amount of alkaline elution from a  surface of the 

substrate, and which is suitable for chemical stren gthening, one having 

the following glass composition (hereinafter referr ed to as "Glass 

Composition 2") may be presented.  

 [0218] 

 That is, Glass Composition 2 includes, as a compos ition expressed 

in mol%, 

70 to 85% in total of SiO 2  and Al 2O3 , provided that the content of SiO 2  

is 50% or more and the content of Al 2O3  is 3% or more, 

10% or more in total of Li 2O, Na 2O, and K 2O, 

1 to 6% in total of MgO and CaO, provided that the content of CaO is 

higher than the content of MgO, and 

more than 0% and 4% or less in total of ZrO 2 , TiO 2 , La 2O3 , Y 2O3 , Yb 2O3 , 

Ta2O5 , Nb 2O5 , and HfO 2 . 

 [0219] 

(Method of Manufacturing Magnetic Recording Medium Glass Substrate) 

 The method of manufacturing a magnetic recording m edium glass 

-Flatness-         The flatness wasmeasuredwith athree-dimensional shape measuring
apparatus(manufacturedbyCOMSCo.,Ltd.,high-precision three-dimensional shape measuring system,
MAP-3D) . The average flatness of ten samples was determined. [0277] -Crack-         When 1,000
glass blanks were continuously produced, glass blanks with a crack among the obtained glass blanks
were counted to determine the rate of occurrence of a crack. Note that, the evaluation criteria of the
results of the evaluation shown in Table 1 to Table 3 are as follows. A: The rate of occurrence of a
crack is 0%. B: The rate of occurrence of a crack is more than 0% and 1% or less. C: The rate of
occurrence of a crack is more than 1% and 2% or less. D: The rate of occurrence of a crack is 2% or
more. [0278] -Productivity- 
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substrate according to the second embodiment is cha racterized in that 

a magnetic recording medium glass substrate is manu factured by at least 

going through a polishing step of polishing the mai n surface of a glass 

blank manufactured by the method of manufacturing a  glass blank for a 

magnetic recording medium glass substrate according  to the second 

embodiment.  Hereinafter, specific examples of step s involved in the 

processing of a glass blank into a magnetic recordi ng medium glass 

substrate are described in more detail. 

 [0220] 

 First, scribing is performed on a glass blank obta ined by carrying 

out the press molding.  The scribing refers to prov iding cutting lines 

(line-like flaws) like two concentric circles (inne r concentric circle 

and outer concentric circle) with a scriber made of  cemented carbide 

or formed of diamond particles on a surface of a mo lded glass blank, 

in order to process the molded glass blank into a r ing shape having a 

predetermined size.  The glass blank having scribed  thereon the two 

concentric circles is partially heated, and the out side portion of the 

outer concentric circle and the inside portion of t he inner concentric 

circle are removed by virtue of the difference in t hermal expansion of 

glass, thereby yielding a disk-shaped glass having a perfect circle shape.  

 [0221] 

 When scribe processing is carried out, if the roug hness of the 

main surfaces of the glass blank is 1 µm or less, cutting lines can be 

suitably provided by using a scriber.  Note that, i n the case where the 

roughness of the main surfaces of the glass blank e xceeds 1 µm, a scriber 

does not follow the irregularities of the surface a nd it may become 

difficult to provide cutting lines uniformly.  In t his case, after the 

main surfaces of the glass blank are made smooth, s cribing is performed. 

 [0222] 

The number of glass blanks produced per unit time when 1,000 glass blanks were continuously
produced was determined. Note that, the evaluation criteria of the results of the evaluation shown in
Table 1 to Table 3 are as follows.  A: The number of glass blanks produced per hour was 3,420 or
more.  B: The number of glass blanks produced per hour was 3,240 or more and Jess than 3,420.  C:
The number of glass blanks produced per hour was 3,060 or more and Jess than 3,240.  D: The
number of glass blanks produced per hour was less than 3,060. [0279] <<Production of Magnetic
Recording Medium Glass Substrate and Magnetic Recording Medium>> <Example 131> The each
glass blanks produced in Example Al to A9 were annealed  to reduce or remove strain. Next, there
was applied scribe processing on a portion that was to serve as the outer periphery of a magnetic
recording medium glass substrate and a portion that was to serve as the central hole thereof. As a
result of the processing, two grooves looking like concentric circles were formed outside and inside.
Next, by partially heating the portions on which the scribe processing was applied, a crack were
generated along the grooves produced by the scribe processing, by virtue of the difference in thermal
expansion of glass, and the outside portion of the outer concentric circle and the inside portion were
removed. As a result, a disk-shapedglass having a perfect circle shape was obtained. [0280] 
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 Next, the scribed glass undergoes shape processing .  The shape 

processing includes chamfering (chamfering of an ou ter peripheral end 

portion and an inner peripheral end portion).  In t he chamfering, the 

outer peripheral end portion and inner peripheral e nd portion of the 

ring-shaped glass are chamfered with a diamond grin ding stone. 

 [0223] 

 Next, the disk-shaped glass undergoes end surface polishing.  In 

the end surface polishing, the inner peripheral sid e end surface and 

outer peripheral side end surface of the glass unde rgo mirror finish 

by brush polishing.  In this case, there is used a slurry including fine 

particles of cerium oxide or the like as free abras ive grains.  The end 

surface polishing removes contamination caused by a ttachment of dust 

or the like and impair such as damage or flaws on o r in the end surfaces 

of the glass.  As a result, precipitation of ions o f sodium, potassium, 

and the like causing corrosion can be prevented fro m occurring.   

 [0224] 

 Next, first polishing is carried out on the main s urfaces of the 

disk-shaped glass.  The purpose of the first polish ing is to remove flaws 

and strain remaining in the main surfaces.  A machi ning allowance removed 

by the first polishing is, for example, several µm to about 10 µm.  As 

a grinding step involving a large amount of a machi ning allowance is 

not required to be performed, flaws, strain, and th e like, which are 

caused by the grinding step, are not generated in t he glass.  Thus, the 

first polishing step involves a small amount of a m achining allowance. 

 [0225] 

 In the first polishing step and the second polishi ng step described 

below, a double-side polishing apparatus is used.  The double-side 

polishing apparatus is an apparatus for carrying ou t polishing with 

polishing pads by relatively moving a disk-shaped g lass and the polishing 

Next, shape processing was applied to the disk-shaped glass by using chamfering or the like and its
end surfaces were polished. Then, after a first polishing was carried out on the main surfaces of the
disk-shaped glass, the glass was immersed in a chemical strengthening solution to perform chemical
strengthening. After the chemical strengthening, the glass was sufficiently cleaned and then subjected
to a second polishing. After the second polishing step, the disk-shaped glass was cleaned again and a
magnetic recording medium glass substrate was produced. The obtained magnetic recording medium
glass substrate had an outer diameter of 65 mm, a central hole diameter of 20mm, a thickness of 0.8
mm, and a main surface roughness of 0.2 nm or less. [0281]         Note that, in producing the magnetic
recording medium glass substrate, steps such as the lapping step carried out with one of the main
purposes thereof being to improve the flatness were eliminated. However, the flatness of the glass
blanks of Example Al to AS used in the processing was 4 pm and the flatness of the magnetic
recording medium glass substrate produced by using the glass blanks of Example Al to AS was 4 pm,
and thus, there was almost no difference in flatness between the two.And the flatness of the glass
blank of Example A9 used in the processing was 3 pm and the flatness of the magnetic recording
medium glass substrate produced by using the glass blank of Example A9 was 3 pm, and thus, there
was almost no difference in flatness between the two. Note that, the flatness of the magnetic recording
medium glass substrate was measured in a similar way to the measurement of the flatness of the
glass blank. [0282]         Next, the magnetic recording medium glass substrate produced was used to
form an adherent layer, an undercoat layer, a magnetic layer, a protective layer, and a lubricant layer
in the stated order on the main surface of the magnetic recording medium glass substrate, yielding a
magnetic recording medium. First, a film-forming apparatus in which vacuuming had been performed
was used to form sequentially the adherent layer, the undercoat layer, and the magnetic layer in an Ar
atmosphere by using a DC magnetron sputtering method. At that time, the adherent layer was formed
by using a CrTi target so that an amorphous CrTi layer having a thickness of 20 nm was formed.
Subsequently, a single wafer/stationary opposed film-forming apparatus was used to forma layer
having a thickness of 10 nmpmade of amorphous CrRu as the undercoat layer in an Ar atmosphere by
using a DC magnetron sputtering method. Further, the magnetic layer was formed at a film-forming
temperature of 400C by using an FePt target or a CoPt target so that an amorphous FePt layer or an
amorphous CoPt layer each having a thickness of 200 nm was formed. After the film formation up to
the magnetic layer finished, the magnetic recording medium was transferred from the film-forming
apparatus to a heating furnace and annealed at a temperature of 650 to 700C. [0283]        Next, a
protective layer made of hydrogenated carbon was formed by a CVD method using ethylene as a
material gas. After that, a lubricant layer made using perfluoropolyether (PEPE) was formed by a dip
coating method. The thickness of the lubricant layer was 1 nm. The manufacturing steps described
above provided magnetic recording media. [0284]         The flatness of the magnetic recording media
obtained by using the glass blanks of Example Al to A8 was 4 pm, which was substantially similar to
the flatness of the magnetic recording medium glass substrates used in producing the magnetic
recording media. And the flatness of the magnetic recording media obtained by using the glass blanks
of Example A9 was3 pm, which was substantially similar to the flatness of the magnetic recordingmedi
um glass substrates used in producing the magnetic recording media. Note that, the flatness of the
magnetic recording mediawas measured in a similar way to the measurement of the flatness of the
glass blanks. [0285] <Comparative Example Bl> 
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pads.  The double-side polishing apparatus includes  a polishing carrier 

fitting portion having an internal gear and a sun g ear which are each 

rotationally driven at a predetermined rotation rat e and also includes 

an upper surface plate and a lower surface plate wh ich are rotationally 

driven in opposite directions to each other with th e polishing carrier 

fitting portion being sandwiched by both the plates .  On each surface 

facing a disk-shaped glass of the upper surface pla te and lower surface 

plate, the polishing pads described below are attac hed.  Each polishing 

carrier fitted so as to be engaged with each of the  internal gear and 

the sun gear performs a planetary gear motion, that  is, revolves around 

the sun gear while spinning. 

 [0226] 

 The each polishing carrier holds a plurality of di sk-shaped glasses.  

The upper surface plate is movable in the vertical direction and presses 

each polishing pad onto the front and back main sur faces of each disk-shaped 

glass.  Then, while a slurry (polishing liquid) con taining polishing 

abrasive grains (polishing material) is being suppl ied, the disk-shaped 

glass and the polishing pad move relatively owning to the planetary gear 

motion of the polishing carrier and the phenomenon that the upper surface 

plate and the lower surface plate rotate in opposit e directions to each 

other.  As a result, the front and back main surfac es of each disk-shaped 

glass is polished.  Note that, in the first polishi ng step, a hard resin 

polisher, for example, is used as the polishing pad  and cerium oxide 

abrasive grains, for example, are used as the polis hing material. 

 [0227] 

 Next, the disk-shaped glass after the first polish ing is subjected 

to chemical strengthening.  It is possible to use a  molten salt of potassium 

nitrate or the like as a chemical strengthening sol ution.  In the chemical 

strengthening, the chemical strengthening solution is heated to, for 

The glass blanks produced in Comparative Example Al were used to produce magnetic recording
medium glass substrates. Note that, the magnetic recording medium glass substrates were produced
in the same manner as in Example El except that the lapping step was further carried out with the
grinding allowance being set to be 50 pm after the end face was polished and before the first polishing
was carried out. The obtained magnetic recording medium glass substrates had an outer diameter of
65 mm, a central hole diameter of 20 mm, a thickness of 0.8 mm, and a main surface roughness of 0.2
nm or less. Further, the flatness of the glass blanks used in the processing was 15 pm while the
flatness of the produced magnetic recording medium glass substrates was 4 pm. It was confirmed that
the flatness was greatly improved. [0286]         Next, the obtained magnetic recording medium glass
substrates were used to produce magnetic recording media in the same manner as in Example Bl. The
flatness of the obtained magnetic recording media was 4 pm, which was substantially similar to the
flatness of the magnetic recording medium glass substrates used in producing the magnetic recording
media. [0287] <Comparative Example 132>         Magnetic recording medium glass substrates and
magnetic recording media were produced in the same manner as in Comparative Example 131 except
that the lapping step was eliminated. The flatnesses of the obtained magnetic recording medium glass
substrates and magnetic recording media were substantially the same as the flatness of the glass
blanks used in the processing. [0288] <Comparative Example 133>         Magnetic recording medium
glass substrates and magnetic recording media were produced in the same manner as in Comparative
Example 131 except that the glass blanks produced in Comparative Example AS were used. The
obtained magnetic recording medium glass substrates had an outer diameter of 65 mm, a central hole
diameter of 20 mm, a thickness of 0.8 mm, and a main surface roughness of 0.2 nm or less. Further,
the flatness of the glass blanks used in the processing was 15 pm while the flatness of the produced
magnetic recording medium glass substrates was 4 pm. It was confirmed that the flatness was greatly
improved. [0289]         Next, the obtained magnetic recording medium glass substrates were used to
produce magnetic recording media in the same manner as in Comparative Example El. The flatness of
the obtained magnetic recording media was 4 pm, which was substantially similar to the flatness of the
magnetic recording medium glass substrates used in producing the magnetic recording media. 
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example, 300°C to 400°C, and a cleaned glass is pre -heated to, for example, 

200°C to 300°C and then immersed in the chemical st rengthening solution 

for, for example, 3 hours to 4 hours.  The immersio n is preferably performed 

under a state in which a plurality of glasses are c ontained in a holder 

so as to be held by their end surfaces so that both  main surfaces of 

each of the glasses entirely undergo chemical stren gthening. 

 [0228] 

 Each glass is immersed in the chemical strengtheni ng solution, 

as described above, and as a result, sodium ions in  the surface layers 

of the glass are substituted by potassium ions each  having a relatively 

large ion radius in the chemical strengthening solu tion, respectively, 

forming a compressive stress layer with a thickness  of about 50 to 200 

µm.  Thus, the glass is strengthened and is provided  with good impact 

resistance.  Note that, the glass having undergone chemical strengthening 

treatment is cleaned.  For example, the glass is cl eaned with sulfuric 

acid and then cleaned with pure water, isopropyl al cohol (IPA), or the 

like. 

 [0229] 

 Next, the glass which has undergone chemical stren gthening and 

has been cleaned sufficiently is subjected to secon d polishing.  A 

machining allowance removed by the second polishing  is, for example, 

about 1 µm. 

 [0230] 

 The purpose of the second polishing is to finish t he main surfaces 

like mirror surfaces.  In the second polishing step , the disk-shaped glass 

is polished by using a double-side polishing appara tus as in the first 

polishing step, but the composition of polishing ab rasive grains contained 

in a polishing liquid (slurry) to be used and the c omposition of a polishing 

pad are different from those in the first one.  In the second polishing 

[0290] <Comparative Example B4>         Magnetic recording medium glass substrates and magnetic
recording media were produced in the same manner as in Comparative Example 153 except that the
lapping step was eliminated. The flatnesses of the obtained magnetic recording medium glass
substrates and magnetic recording media were substantially the same as the flatness of the glass
blanks used in the processing. [0291] <Examples of Second Aspect of the Present Invention>
Hereinafter, a second aspect of the present invention is described by way of examples, but the second
aspect of the present invention is not limited to only the following examples. [0292] <<Production of
Glass Blank>>          In examples and comparative examples, more than several hundreds of glass
blanks (diameter: about 75 mm, thickness: about 0.9 mm) for producing 2.5-inch magnetic recording
medium glass substrates were continuously produced. [0293] (Example Al)         According to the
process illustrated in FIG. 11 to FIG. 19, the molten glass gob forming step, the press-molding step
(first step and second step), and the taking out step were carried out to produce glass blanks. Note
that, the viscosity of the molten glass which flows out from the glass outlet 112 was adjusted to be 700
dPa.s, the first press 
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step, there are used polishing abrasive grains each  having a smaller 

diameter and a softer polishing pad compared with t hose in the first 

polishing step.  For example, in the second polishi ng step, a soft foamed 

resin polisher, for example, is used as the polishi ng pad, and finer 

cerium oxide abrasive grains than the cerium oxide abrasive grains used 

in the first polishing step are, for example, used as the polishing 

material. 

 [0231] 

 The disk-shaped glass polished in the second polis hing step is 

again cleaned.  In the cleaning, a neutral detergen t, pure water, or IPA 

is used.  The second polishing yields a glass subst rate for a magnetic 

disk having a main surface flatness of 4 µm or less and a main surface 

roughness of 0.2 nm or less.  After that, various l ayers such as a magnetic 

layer are formed on the glass substrate for a magne tic disk, and a magnetic 

disk is produced. 

 [0232] 

 Note that, the chemical strengthening step is carr ied out between 

the first polishing step and the second polishing s tep, and the order 

of these steps is not limited to this order.  As lo ng as the second polishing 

step is carried out after the first polishing step,  the chemical 

strengthening step can be arbitrarily arranged.  Fo r example, the order 

of the first polishing step, the second polishing s tep, and the chemical 

strengthening step (hereinafter, referred to as "Ro uting 1" may be adopted.  

Note that, if Routing 1 is adopted, surface irregul arities that may be 

produced by the chemical strengthening step are not  removed, and hence 

more preferred is the routing of the first polishin g step, the chemical 

strengthening step, and the second polishing step. 

 [0233] 

 Note that, in manufacturing a magnetic recording m edium glass 

mold 150 and the second press mold 160 were placed so as to be perpendicular to the direction in
which the molten glass gob 124 fell, and the falling distance was set to be 150 mm. [0294]          Here,
main physical property values and the composition of the glass material used in producing the glass
blanks were as follows. .Glass transition temperature: 495C .Deformation point: 550C .Strain point:
490C .Composition: composition corresponding to Glass Composition 2 [0295]          Further, specific
conditions for carrying out the first step and the second step and details of the press molds 150 and
160 used in the press molding were as follows. [0296] -Conditions for Carrying out First Step-
The temperature of the press-molding surface 152A immediately before the first step was carried out
was set to be 500C, the temperature of the press-molding surface 162A immediately before the first
step was carried out was set to be 500C, the temperature difference within the press-molding surface
152A Immediately before the first step was carried out was set to be 50C, and the temperature
difference within the press-molding surface 162A Immediately before the first step was carried out was
set to be 50C. Note that, the press molds 150 and 160 were set to be driven so that the press-molding
surface 152A and the press-molding surface 162A were brought into contact with the molten glass gob
124 at the same time. Further, the press-molding time was 0.07 second. Note that, the temperatures of
the press-molding surfaces 152A and 162A were monitoredby thermocouples placed at a depth of 30
mm from the press-molding surfaces 152A and 162A, respectively. Among the thermocouples, one
was placed at the center of each of the press-molding surfaces 152A and 162A, and four were placed
at positions of 1 mm in radius from the center of each of the press-molding surfaces 152A and 162A in
diameter directions so as to form angles of 00, 90, 180, and 270 in a peripheral direction, respectively.
[0297] 
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substrate, the flatness of the glass blank used in the processing and 

the flatness of the produced magnetic recording med ium glass substrate 

may be caused to be substantially the same.  As a f latness required of 

a magnetic recording medium glass substrate, for ex ample, in recent years, 

a flatness which is 10 µm or less(within 10 µm) is required with regard 

to a 2.5-inch glass substrate.  Such flatness may b e easily accomplished 

by a glass blank produced by the method of manufact uring a glass blank 

according to the second embodiment of the present i nvention.  The 

"flatness of the glass blank used in the processing  and the flatness 

of the produced magnetic recording medium glass sub strate are 

substantially the same" as used herein means that t he flatness of the 

glass blank is 105% or less with the required flatn ess of the magnetic 

recording medium glass substrate being the referenc e (100%). 

 [0234] 

 Note that, when the flatness of the glass blank us ed in the processing 

and the flatness of the produced magnetic recording  medium glass substrate 

are caused to be substantially the same, a step suc h as a lapping step 

which is carried out with one of the main purposes thereof being to improve 

the flatness may be eliminated. 

 [0235] 

(Method of Manufacturing Magnetic Recording Medium)  

 A method of manufacturing a magnetic recording med ium according 

to the second embodiment of the present invention i s characterized in 

that a magnetic recording medium is produced by at least going through 

a magnetic recording layer-forming step of forming a magnetic recording 

layer on a magnetic recording medium glass substrat e produced by the 

method of manufacturing a magnetic recording medium  glass substrate 

according to the second embodiment of the present i nvention. 

 [0236] 

-Conditions for Carrying out Second Step-         The temperature of the plate glass 126 when the
second step was completed (temperature when taken out) was set to he 495C. The press pressures of
the press mold bodies 152 and 162 during the second step was carried out were set to he always held
at 0.5 MPa. Note that, the temperature of the plate glass 126 was a value determined on the
assumption that the temperature was a temperature measured by the thermocouple placed at the
center of each of the press-molding surfaces 152A and 162A. [0298] -Press Mold-         As the press
mold 150, one formed of cast iron of the integral type in which the press mold body 152 and the guide
member 1 54 were integrally formed was used. As the press mold 160, one of the integral type which
was similar to the press mold 150 was used. Note that, the press-molding surfaces 152A and 162A
were completely flat surfaces. Further, each of the press molds 150 and 160 of the integral type which
were used was provided with a flow path for passing cooling water therethrough formed in the press
mold body 152 or 162 for controlling the temperature of the press-molding surface 152A or 162A and
the temperature distribution within the press-molding surface 152A or 162A, and a heater placed on an
outer peripheral side of the press mold 150 or 160. [0299] (Example A2)         Glass blanks were
produced in the same manner as in Example Al except that the temperature of the plate glass when
taken out was set to be 490C. [0300] (Example A3)         Glass blanks were produced in the same
manner as in Example Al except that the temperature of the plate glass when taken out was set to be
505C. [0301] 
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 A magnetic recording medium is also called, for ex ample, a magnetic 

disk or a hard disk, and is suitable for internal s torages (such as fixed 

disks) for desk top computers, server computers, no tebook computers, 

mobile computers, and the like, internal storages f or portable recording 

and reproducing devices used for recording and repr oducing images and/or 

sounds, recording and reproducing devices for in-ca r audio systems, and 

the like. 

 [0237] 

 The magnetic recording medium has, for example, a configuration 

in which at least an adherent layer, an undercoat l ayer, a magnetic layer 

(magnetic recording layer), a protective layer, and  a lubricant layer 

are laminated on the main surface of a substrate se quentially, starting 

from the layer close the main surface of the magnet ic recording medium 

glass substrate.  For example, a magnetic recording  medium glass substrate 

is introduced into a film-forming apparatus in whic h pressure is reduced, 

and each layer from the adherent layer to the magne tic layer is sequentially 

formed on the main surface of the magnetic recordin g medium glass substrate 

in an Ar atmosphere by using a DC magnetron sputter ing method.  There 

can be used, for example, CrTi as the adherent laye r, and, for example, 

CrRu as the undercoat layer.  After the above-menti oned film formation, 

the protective layer is formed with C 2H4  gas by using, for example, a 

CVD method, and then, nitriding treatment including  introducing nitrogen 

into the surface is carried out in the same chamber , thereby being able 

to form the magnetic recording medium.  After that,  for example, 

polyfluoropolyether (PFPE) is applied on the protec tive layer by a dip 

coating method, thereby being able to form the lubr icant layer. 

 [0238] 

 The size of the magnetic recording medium is not s pecifically 

limited.  However, the magnetic recording medium gl ass substrate is formed 

(Example A4)         Glass blanks were produced in the same manner as in Example A3 except that the
press pressure during the second step was carried out was reduced with time. Note that, the press
pressure was controlled so as to be 50% when the temperature of the plate glass 126 reacheda
temperature which was 25C lower than the defromation point, with the press pressure immediately
after the start of the second step being the reference (100%). [0302] (Example A5)         Glass blanks
were produced in the same manner as in Example A3 except that the press pressure during the
second step was carried out was reduced with time. Note that, the press pressure was controlled so as
to be 50% when the temperature of the plate glass 126 reacheda temperature which was 25C higher
than the defromation point, with the press pressure immediately after the start of the second step
being the reference (100%). [0303] (Example A6)         Glass blanks were produced in the same
manner as in Example A3 except that the press pressure during the second step was carried out  was
reduced with time. Note that, the press pressure was controlled so as to be 50% when the temperature
of the plate glass 126 reacheda temperature which was 40C lower than the defromation point, with the
press pressure immediately after the start of the second step being the reference (100%). [0304]
(Example A7) 
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of a glass material which is excellent in impact re sistance, and hence, 

it is suitable that the size is 2.5 inch or smaller  which is conveniently 

portable and highly likely to be exposed to impact from the outside. 

 [0239] 

<Third Embodiment> 

(Method of Manufacturing Glass Blank for Magnetic R ecording Medium Glass 

Substrate) 

 According to a third embodiment of the present inv ention, there 

is provided a method of manufacturing a glass blank  for a magnetic recording 

medium glass substrate (hereinafter, sometimes abbr eviated as "glass 

blank") (hereinafter, sometimes abbreviated as "met hod of manufacturing 

a glass blank"), including a press-molding step of press-molding a plate 

glass by directly pressing a molten glass gob by us ing a pair of press 

molds which are placed so as to be opposed to each other and have 

substantially the same temperature.  In the press-m olding step, the molten 

glass gob continues to be pressed by the pair of pr ess molds until the 

temperature of the molten glass gob is equal to or lower than a temperature 

which is 10°C higher than the strain point of a gla ss material forming 

the plate glass. 

 [0240] 

 A high-temperature press-molded product is easily deformable.  

Thus, the molten glass gob continues to be pressed by the pair of press 

molds until the temperature of the molten glass gob  is equal to or lower 

than the above-mentioned temperature, to thereby pr event the deformation 

and manufacture a glass blank of a desired shape.  In this case, it is 

preferred that the molten glass gob continue to be pressed by the pair 

of press molds until the temperature of the molten glass gob is equal 

to or lower than the glass transition temperature o f the glass material. 

 [0241] 

Glass blanks were produced in the same manner as in Example AS except that the press pressure
during the second step was carried out was reduced with time. Note that, the press pressure was
controlled so as to be 50% when the temperature of the plate glass 126 reacheda temperature which
was 40C higher than the defromation point, with the press pressure immediately after the start of the
second step being the reference (100%). [0305] (Example A8)         Glass blanks were produced in the
same manner as in Example AS except that the press pressure during the second step was carried
out was reduced with time. Note that, the press pressure was controlled so as to be 50% when the
temperature of the plate glass 126 reached the defromation point, with the press pressure immediately
after the start of the second step being the reference (100%). (Example A9)         Glass blanks were
produced in the same manner as in Example A2 except that the temperature of the plate glass when
taken out was set to be 485C. [0306] (Comparative Example Al)         Glass blanks were produced
under basically the same conditions as in Example Al except that a press mold 300 illustrated in FIG.
22 was used as the press mold. However, during the second step was carried out, the press pressure
was applied to the whole press mold 300. [0307]         Note that, the press mold 300 illustrated in FIG.
22 is formed of cast iron and has a structure in which the press mold body 152 and the guide member
154 forming the press mold 1503 illustrated in FIG. 20 are integrated. The press mold 300 is a circular
cylinder and one end face thereof is a press-molding surface 300A. Further, a ring-like convex portion
302 having a function similar to that of the guide member 154 is provided along an outer edge portion
of the press-molding surface. Further, a rod-like member 304 is attached to a surface which is
opposite to the press-molding surface 300A. A drive which is not shown is connected to the other end
of the rod-like member 304. Note that, the rod-like member 304 is attached so as to be coaxial with the
axial direction X of the press mold 300. Further, the smoothness and the flatness of the press-molding
surface 300A of the press mold 300 and the dimensions of the press-molding surface 300A and the
convex portion 302 are substantially similar to those of the mold 1503 used in the examples and
illustrated in FIG. 20. [0308] 
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 Further, it is preferred to perform annealing afte r maintaining 

a state in which the molten glass gob and the pair of press molds are 

brought into intimate contact with each other until  the temperature of 

the molten glass gob is equal to or lower than the strain point of the 

glass material.  In the case where annealing is per formed after the press 

molding so as to eliminate (release) the strain ins ide the glass blank, 

if the press is merely continued until the temperat ure of the molten 

glass gob is equal to or lower than a temperature w hich is 10°C higher 

than the strain point, there is a fear that the str ain remains inside 

the glass blank.  However, by maintaining the state  in which the molten 

glass gob and the pair of press molds are brought i nto intimate contact 

with each other until the temperature of the molten  glass gob is equal 

to or lower than the strain point, the process of c ooling the glass blank 

can be controlled, and the strain inside the glass blank can be removed.  

As a result, a glass blank whose flatness is less e asily deteriorated 

even after annealing can be obtained.  Note that, t he "state in intimate 

contact" includes a state in which the molten glass  gob continues to 

be pressed by the pair of press molds, and a state in which the pair 

of press molds are maintained in intimate contact w ith the molten glass 

gob without applying force to the molten glass gob.  

 [0242] 

 Further, the press-molding step may include a firs t pressing step 

for determining the thickness of the plate glass an d a second pressing 

step for improving the flatness of the plate glass,  and the first pressing 

step and the second pressing step may be carried ou t continuously by 

using the pair of press molds.  Further, it is pref erred that the 

press-molding step be carried out so that the thick ness of the plate 

glass is 2 mm or less and the flatness thereof is 1 0 µm or less (within 

10 µm).  Note that, the method of manufacturing a glass  blank according 

(Comparative Example A2)         Glass blanks were produced under basically the same conditions as
in Example Al except that a press mold 310 illustrated in FIG. 23 was used as the press mold.
However, the first step was completed at a point in time at which the thickness of the plate glass 126
was similar to the thickness of the glass blank to be produced, and after that, the second step was
carried out with the press pressure being reduced. Further, during the second step was carried out, the
press pressure was applied to the whole press mold 310. [0309]           Note that, the press mold 310
illustrated in FIG. 23 is formed of cast iron and has a structure corresponding to that of the press mold
body 152 forming the press mold 150S illustrated in FIG. 20 are integrated. The press mold 310 is a
circular cylinder and one end face thereof is a press-molding surface 310A. Further, a rod-like member
312 is attached to a surface which is opposite to the press-molding surface 310A. A drive which is not
shown is connected to the other end of the rod-like member 312. Note that, the rod-like member 312 is
attached so as to be coaxial with the axial direction X of the press mold 310. [0310] (Evaluation)
The glass blanks produced in the examples and the comparative examples were evaluated in terms of
flatness, thickness deviation, and a crack. The results are shown in Table 4 and Table 5. Note that, the
temperatures of two press-molding surfaces during the first step and the second step were carried out
in the examples and the comparative examples were substantially the same and were 50500 or less at
the highest.  [0311][Table 4] [Table 4]  
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to the third embodiment of the present invention is  suitable for 

manufacturing a thinner flat glass blank, and hence  the thickness is 

more preferably 1.5 mm or less, still more preferab ly 1.2 mm or less, 

yet more preferably 1.0 mm or less. 

 [0243] 

 Note that, the method of manufacturing a glass bla nk according 

to the third embodiment of the present invention ma y be combined with 

the modes of the method of manufacturing a glass bl ank according to the 

first embodiment or the method of manufacturing a g lass blank according 

to the first embodiment.  Further, the method of ma nufacturing a glass 

blank for a magnetic recording medium glass substra te according to the 

third aspect of the present invention may be combin ed with the modes 

of the method of manufacturing a glass blank accord ing to the second 

embodiment or the method of manufacturing a glass b lank according to 

the second embodiment. 

 [0244] 

(Method of Manufacturing Magnetic Recording Medium Glass Substrate) 

 A method of manufacturing a magnetic recording med ium glass 

substrate according to the third embodiment of the present invention 

is characterized in that a glass blank is produced by the method of 

manufacturing a glass blank according to the third embodiment, and the 

glass blank is processed to produce a magnetic reco rding medium glass 

substrate.  Note that, in the method of manufacturi ng a magnetic recording 

medium glass substrate according to the third embod iment of the present 

invention, the same manufacturing conditions as tho se in the method of 

manufacturing a magnetic recording medium glass sub strate according to 

the first embodiment and/or the method of manufactu ring a magnetic 

recording medium glass substrate according to the s econd embodiment 

described above can be employed, except for the use  of the glass blank 

Example Al Example A2 Example A3 Physical property values of glass material used Deformation
point ['CI 550 550 550  Strain point [C] 490 490 
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produced by the method of manufacturing a glass bla nk according to the 

third embodiment. 

 [0245] 

(Method of Manufacturing Magnetic Recording Medium)  

 A method of manufacturing a magnetic recording med ium according 

to the third embodiment of the present invention is  characterized in 

that a magnetic recording medium glass substrate is  produced by the method 

of manufacturing a magnetic recording medium glass substrate according 

to the third embodiment, and a magnetic recording m edium is produced 

by at least going through a magnetic recording laye r-forming step of 

forming a magnetic recording layer on the magnetic recording medium glass 

substrate.  Note that, in the method of manufacturi ng a magnetic recording 

medium according to the third embodiment of the pre sent invention, the 

same manufacturing conditions as those in the metho d of manufacturing 

a magnetic recording medium according to the first embodiment and/or 

the method of manufacturing a magnetic recording me dium according to 

the second embodiment described above can be employ ed, except for the 

use of the magnetic recording medium glass substrat e produced by the 

method of manufacturing a magnetic recording medium  glass substrate 

according to the third embodiment. 

[Examples] 

 [0246] 

<Examples of First Aspect of the Present Invention>  

 Hereinafter, the first aspect of the present inven tion is described 

by way of examples, but the first aspect of the pre sent invention is 

not limited to only the following examples. 

 [0247] 

<<Production of Glass Blank>> 

 In examples and comparative examples, more than se veral hundreds 

490 Structure of a pair of molds with guide member with guide member with guide member Conditions
for first step Temperature Ti of press-molding surface 52A immediately before first step was carried
out re] 500 500 
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of glass blanks (diameter: about 75 mm, thickness: about 0.9 mm) for 

producing 2.5-inch magnetic recording medium glass substrates were 

continuously produced. 

 [0248] 

(Example A1) 

 According to the process illustrated in FIG. 1 to FIG. 9, the molten 

glass gob forming step, the first pressing step, th e second pressing 

step, and the taking out step were carried out to p roduce glass blanks.  

Note that, the viscosity of the molten glass which flows out from the 

glass outlet 12 was adjusted to be 700 dPa·s, the f irst press mold 50 

and the second press mold 60 were placed so as to b e perpendicular to 

the direction in which the molten glass gob 24 fell , and the falling 

distance was set to be 150 mm. 

 [0249] 

 Here, main physical property values and the compos ition of the 

glass material used in producing the glass blanks w ere as follows. 

·Glass transition temperature: 495°C 

·Deformation point: 550°C 

·Strain point: 490°C 

·Composition: composition corresponding to Glass Co mposition 2 

 [0250] 

 Further, specific conditions for carrying out the first pressing 

step and the second pressing step and details of th e press molds 50 and 

60 used in the press molding were as follows. 

 [0251] 

-Conditions for Carrying out First Pressing Step- 

 The temperature of the press-molding surface 52A i mmediately before 

the first pressing step was carried out was set to be 500°C, the temperature 

of the press-molding surface 62A immediately before  the first pressing 

500  Temperature T2 of press-molding surface 62A immediately before first step was carried out [C]
500 500 500  Temperature difference between press-molding surfaces(IT1-T21) [  C] 0 0 0 
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step was carried out was set to be 500°C, the tempe rature difference 

within the press-molding surface 52A immediately be fore the first pressing 

step was carried out was set to be 50°C, and the te mperature difference 

within the press-molding surface 62A immediately be fore the first pressing 

step was carried out was set to be 50°C.  Note that , the press molds 50 

and 60 were set to be driven so that the press-mold ing surface 52A and 

the press-molding surface 62A were brought into con tact with the molten 

glass gob 24 at the same time.  Further, the press- molding time was 0.07 

second.  Note that, the temperatures of the press-m olding surfaces 52A 

and 62A were monitored by thermocouples placed at a  depth of 1 mm from 

the press-molding surfaces 52A and 62A.  Among the thermocouples, one 

was placed at the center of each of the press-moldi ng surfaces 52A and 

62A, and four were placed at positions of 30 mm in radius from the center 

of each of the press-molding surfaces 52A and 62A s o as to form angles 

of 0°, 90°, 180°, and 270° in a peripheral directio n, respectively. 

 [0252] 

-Conditions for Carrying out Second Pressing Step- 

 The duration time of the second pressing step was adjusted and 

the flatness of the obtained glass blanks was measu red.  When the duration 

time of the second pressing step was 2 seconds or m ore, the flatness 

of the glass blanks was 4 µm.  Therefore, the duration time of the second 

pressing step was set to be 2 seconds.  The tempera ture of the plate glass 

26 when the second pressing step was completed (tem perature when taken 

out) was 495°C.  The press pressure during the seco nd pressing step was 

carried out was set to be always held at 0.5 MPa.  Note that, the temperature 

of the plate glass 26 was a value determined on the  assumption that the 

temperature was a temperature measured by the therm ocouple placed at 

the center of each of the press-molding surfaces 52 A and 62A.  In this 

way, the duration time of the second pressing step was controlled with 

Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50 50 50  Temperature difference within press-molding surface 62A immediately before first step
was carried out [C] 50 50 50 Conditions fo second step Temperature of plate glass 26 when second
step was completed (temperature when taken out) [ C] 
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the flatness of the glass blank being a barometer t o obtain glass blanks 

excellent in flatness. 

 [0253] 

-Press Mold- 

 As the press mold 50, one formed of cast iron of t he integral type 

in which the press mold body 52 and the guide membe r 54 were integrally 

formed was used.  As the press mold 60, one of the integral type which 

was similar to the press mold 50 was used.  Note th at, the press-molding 

surfaces 52A and 62A were completely flat surfaces.   Further, each of 

the press molds 50 and 60 of the integral type whic h were used was provided 

with a flow path for passing cooling water therethr ough formed in the 

press mold body 52 or 62 for controlling the temper ature of the 

press-molding surface 52A or 62A and the temperatur e distribution within 

the press-molding surface 52A or 62A, and a heater placed on an outer 

peripheral side of the press mold 50 or 60.  Here, the flow rate of the 

cooling water and the heating conditions of the hea ter were controlled 

so that the difference between the temperature of t he press-molding surface 

52A of the press mold 50 and the temperature of the  press-molding surface 

62A of the press mold 60 was always held within a r ange of ±10°C. 

 [0254] 

(Example A2) 

 Glass blanks were produced in the same manner as i n Example A1 

except that the duration time of the second pressin g step was lengthened 

and the temperature of the plate glass when taken o ut was set to be 490°C. 

 [0255] 

(Example A3) 

 Glass blanks were produced in the same manner as i n Example A1 

except that, as the press molds 50 and 60, ones of the separate type 

in which the press mold bodies 52 and 62 and the gu ide members 54 and 

495 490 505  Press pressure during the second step was carried out Always constant Always constant
Always constant Results of evaluation Flatness[pm] 4 
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64 were formed as separate members, respectively, w ere used. 

 [0256] 

(Example A4) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second pr essing step was carried 

out was reduced with time.  Note that, the press pr essure was controlled 

so as to be 50% when the temperature of the plate g lass 26 reached a 

temperature which was 25°C lower than the defromati on point, with the 

press pressure immediately after the start of the s econd pressing step 

being the reference (100%). 

 [0257] 

(Example A5) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second pr essing step was carried 

out was reduced with time.  Note that, the press pr essure was controlled 

so as to be 50% when the temperature of the plate g lass 26 reached a 

temperature which was 25°C higher than the defromat ion point, with the 

press pressure immediately after the start of the s econd pressing step 

being the reference (100%). 

 [0258] 

(Example A6) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second pr essing step was carried 

out was reduced with time.  Note that, the press pr essure was controlled 

so as to be 50% when the temperature of the plate g lass 26 reached a 

temperature which was 40°C higher than the defromat ion point, with the 

press pressure immediately after the start of the s econd pressing step 

being the reference (100%). 

 [0259] 

4 4  Thickness deviation [um] 10 10 10  Crack C A R 
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(Example A7) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second pr essing step was carried 

out was reduced with time.  Note that, the press pr essure was controlled 

so as to be 50% when the temperature of the plate g lass 26 reached a 

temperature which was 40°C lower than the defromati on point, with the 

press pressure immediately after the start of the s econd pressing step 

being the reference (100%). 

 [0260] 

(Example A8) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second pr essing step was carried 

out was reduced with time.  Note that, the press pr essure was controlled 

so as to be 50% when the temperature of the plate g lass 26 reached the 

defromation point, with the press pressure immediat ely after the start 

of the second pressing step being the reference (10 0%). 

 [0261] 

(Example A9) 

 Glass blanks were produced in the same manner as i n Example A2 

except that the temperature of the plate glass when  taken out was set 

to be 485°C. and, as the press molds 50 and 60, pre ss molds of the separate 

type were used. 

 [0262] 

(Comparative Example A1) 

 Glass blanks were produced in the same manner as i n Example A1 

except that the duration time of the second pressin g step was set to 

be less than 2 seconds and the temperature of the p late glass when taken 

out was set to be 520°C. 

 [0263] 

[Table 4-continued No.1]  Example A4 Physical property values of glass material used Deformation
point [C] 550  Strain point [C] 490 Structure of a pair of molds with guide member 
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(Comparative Example A2) 

 Glass blanks were produced in the same manner as i n Example A1 

except that the second pressing step was eliminated . 

 [0264] 

(Comparative Example A3)  

 Glass blanks were produced by the vertical direct press using a 

glass material similar to the one used in Example A 1.  In the production 

of the glass blanks, there was used a press apparat us including a rotating 

table along the outer peripheral edge of which twel ve lower molds were 

arranged at regular intervals and which rotated tab le rotating in one 

direction while alternatively moving and stopping f or each 30° at the 

time of press.  Further, when the numbers, P1 to P1 2, were given to twelve 

lower mold stop positions corresponding to the twel ve lower molds arranged 

on the outer peripheral edge of the rotating table along the rotating 

direction of the rotating table, the following resp ective members were 

arranged above the press surface of a lower mold or  at a side of a lower 

mold at each of the following lower mold stop posit ions. 

·Lower mold stop position P1: molten glass supply ap paratus 

·Lower mold stop position P2: Upper mold 

·Lower mold stop position P9: taking out means (vacu um adsorption 

apparatus) 

 [0265] 

 In the press apparatus, a predetermined amount of molten glass 

is supplied onto a lower mold at the lower mold sto p position P1, the 

molten glass is press-molded into a thin plate glas s with the upper mold 

and the lower mold at the lower mold stop position P2, and the obtained 

thin plate glass (glass blank) is taken out at the lower mold stop position 

P9.  Further, a soaking and cooling step is carried  out when the lower 

mold moves to the stop positions P2 to P9, and preh eating of the lower 

Conditions for first step Temperature Ti of press-molding surface 52A immediately before first step
was carried out [C] 500  Temperature T2 of press-molding surface 62A immediately before first step
was carried out [C] 500  Temperature difference between press-molding surfaces(IT1-T21) [C] 0
Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 
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mold is carried out by using a heater when the lowe r mold moves to the 

stop positions P9 to P12. 

 [0266] 

 The material of the upper mold and the lower mold and the smoothness 

and the flatness of the press-molding surfaces were  similar to those 

of the press molds 50 and 60 used in Example A1.  N ote that, the viscosity 

of the molten glass immediately before being suppli ed onto the lower 

mold located at the lower mold stop position P1 was  adjusted to be 500 

dPa·s. 

 [0267] 

-Conditions for Carrying out Pressing Step- 

 Note that, the details of the conditions for carry ing out the 

pressing step were as follows.  The temperature of the press-molding 

surface of the upper mold immediately before the pr essing step was carried 

out was set to be 380°C, the temperature of the pre ss-molding surface 

of the lower mold immediately before the pressing s tep was carried out 

was set to be 480°C, the temperature difference wit hin the press-molding 

surface of the upper mold immediately before the pr essing step was carried 

out was set to be 30°C, and the temperature differe nce within the 

press-molding surface of the lower mold immediately  before the pressing 

step was carried out was set to be 30°C.  Note that , the upper mold was 

driven downward 2 seconds later after a predetermin ed amount of the molten 

glass was supplied onto the lower mold.  Further, t ime from when the upper 

mold was brought into contact with the molten glass  on the lower mold 

to when the upper mold and the lower mold were move d away from each other 

(press-molding time) was 0.3 second.  When the pres sing step was carried 

out under the conditions described above, the tempe rature of the plate 

glass when the pressing step was completed (tempera ture when taken out) 

was 500°C.  Note that, the temperatures of the pres s-molding surfaces 

50  Temperature difference within press-molding surface 62A immediately before first step was carried
out [C] 50 Conditions for second step C] Temperature of plate glass 26 when second step was
completed (temperature when taken out) [0 505  Press pressure during the second step was carried
out Reduced to 50% when temperature of plate glass 26 reached 
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of the upper mold and the lower mold were monitored  by thermocouples 

placed at a depth of 5 mm from the press-molding su rfaces.  Among the 

thermocouples, one was placed at the center of each  of the press-molding 

surfaces, and four were placed at positions of 15 m m in radius from the 

center of each of the press-molding surfaces so as to form angles of 

0°, 90°, 180°, and 270° in a peripheral direction, respectively. 

 [0268] 

(Comparative Example A4) 

 Glass blanks were produced in the same manner as i n Comparative 

Example A3 except that the press-molding time was e xtended so that the 

temperature when taken out was 495°C.  Note that, t he production speed 

was considerably slow and there was no practicality , and thus, at the 

time of having produced several tens of glass blank s, the press was stopped. 

 [0269] 

(Comparative Example A5) 

 A press apparatus similar to the one used in Compa rative Example 

A3 except that an upper mold for cooling was furthe r placed on the press 

surface at the lower mold stop position P3 was used  as the press apparatus.  

Note that, the upper mold for cooling has substanti ally the same structure 

as that of the upper mold for press molding placed on the press surface 

at the lower mold stop position P2.  Here, the pres sing step to be carried 

out at the lower mold stop position P2 was carried out under conditions 

similar to those in Comparative Example A3. 

 [0270] 

 Further, during the period in which the lower mold  is stopped at 

the lower mold stop position P3, a state was held i n which the whole 

upper mold for cooling was preheated to about 480°C  and was brought close 

to the plate glass placed on the lower mold but was  not brought into 

contact therewith. 

temperature which was 25C lower than defromation point Results of evaluation Flatness[pm] 4
Thickness deviation [pm] 10  Crack A 
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 [0271] 

(Evaluation) 

 The glass blanks produced in the examples and the comparative 

examples were evaluated in terms of flatness, a cra ck, and productivity.  

The results are shown in Table 1 to Table 3.  Note that, the temperature 

between the press-molding surfaces during the first  pressing step and 

the second pressing step were carried out in all th e examples and 

Comparative Examples A1 and A2 in which the glass b lanks were produced 

by the horizontal direct press was 550°C or less at  the highest, and 

the temperature between the press-molding surfaces during the pressing 

step was carried out in Comparative Examples A3 to A5 in which the glass 

blanks were produced by the vertical direct press w as in a range of 450°C 

to 500°C. 

 

 

 

 

[Table 4-continued No.2]  Example AS Physical property values of glass material used Deformation
point [C] 550  Strain point [C] 490 Structure of a pair of molds with guide member 
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[0272]  [Table 1] 

 

 

 

 

Conditions for first step Temperature Tl of press-molding surface 52A immediately before first step
was carried out [C] 500  Temperature T2 of press-molding surface 62A immediately before first step
was carried out [C] 500  Temperature difference between press-molding surfaces(IT1-T21) [C] 0
Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 
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50  Temperature difference within press-molding surface 62A immediately before first step was carried
out [C] 50 Conditions for second step C] Temperature of plate glass 26 when second step was
completed (temperature when taken out) [ 505  Press pressure during the second step was carried out
Reduced to 50% when temperature of plate glass 26 reached 
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temperature which was 25C higher than defromation point Results of evaluation Flatness[pm] 4
Thickness deviation [pm] 10  Crack A 
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[0273]  [Table 2] 

 

 

[0312][Table 5] [Table 5]  Example A6 Physical property values of glass material used Deformation
point [C] 550  Strain point [C] 490 Structure of a pair of molds 
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with guide member Conditions for first step Temperature Ti of press-molding surface 52A immediately
before first step was carried out[C] 500  Temperature T2 of press-molding surface 62A immediately
before first step was carried out[C] 500  Temperature difference between press-molding
surfaces(IT1-T21) 1C] 0 
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Temperature difference within press-molding surface 52A immediately before first step was carried out
1C] 50  Temperature difference within press-molding surface 62A immediately before first step was
carried out FOCI 50 Conditions for second step Temperature of plate glass 26 when second step was
completed (temperature when taken out)[ C] 505  Press pressure during the second step was carried
out 



 138

 

 

 

Reduced to 50% when temperature of plate glass 26 reached temperature which was 40C lower than
defromation point Results of evaluation Flatness[um] 4  Thickness deviation [Pm] 10  
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 [0274]  [Table 3] 

 

 [0275] 

 Note that, the evaluation method for the flatness and the evaluation 

method and the evaluation criteria for the crack an d the productivity 

shown in Table 1 to Table 3 are as described below.  

 [0276] 

-Flatness- 

 The flatness was measured with a three-dimensional  shape measuring 

apparatus (manufactured by COMS Co., Ltd., high-pre cision 

Crack 3  [Table 5-continued No.1]  Example A7 Physical property values of glass material used
Deformation point [C] 550  Strain point FOCI 490 
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three-dimensional shape measuring system, MAP-3D).  The average flatness 

of ten samples was determined. 

 [0277] 

-Crack- 

 When 1,000 glass blanks were continuously produced , glass blanks 

with a crack among the obtained glass blanks were c ounted to determine 

the rate of occurrence of a crack.  Note that, the evaluation criteria 

of the results of the evaluation shown in Table 1 t o Table 3 are as follows. 

A: The rate of occurrence of a crack is 0%. 

B: The rate of occurrence of a crack is more than 0 % and 1% or less. 

C: The rate of occurrence of a crack is more than 1 % and 2% or less. 

D: The rate of occurrence of a crack is 2% or more.  

 [0278] 

-Productivity- 

 The number of glass blanks produced per unit time when 1,000 glass 

blanks were continuously produced was determined.  Note that, the 

evaluation criteria of the results of the evaluatio n shown in Table 1 

to Table 3 are as follows. 

A: The number of glass blanks produced per hour was  3,420 or more. 

B: The number of glass blanks produced per hour was  3,240 or more and 

less than 3,420. 

C: The number of glass blanks produced per hour was  3,060 or more and 

less than 3,240. 

D: The number of glass blanks produced per hour was  less than 3,060. 

 [0279] 

<<Production of Magnetic Recording Medium Glass Sub strate and Magnetic 

Recording Medium>> 

<Example B1> 

 The each glass blanks produced in Example A1 to A9  were annealed 

Structure of a pair of molds with guide member Conditions for first step Temperature Ti of
press-molding surface 52A immediately before first step was carried out [C] 500  Temperature T2 of
press-molding surface 62A immediately before first step was carried out [C] 500  Temperature
difference between press-molding surfaces(IT1-T21) [C] 0 
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to reduce or remove strain.  Next, there was applie d scribe processing 

on a portion that was to serve as the outer periphe ry of a magnetic recording 

medium glass substrate and a portion that was to se rve as the central 

hole thereof.  As a result of the processing, two g rooves looking like 

concentric circles were formed outside and inside.  Next, by partially 

heating the portions on which the scribe processing  was applied, a crack 

were generated along the grooves produced by the sc ribe processing, by 

virtue of the difference in thermal expansion of gl ass, and the outside 

portion of the outer concentric circle and the insi de portion were removed.  

As a result, a disk-shaped glass having a perfect c ircle shape was obtained. 

 [0280] 

 Next, shape processing was applied to the disk-sha ped glass by 

using chamfering or the like and its end surfaces w ere polished.  Then, 

after a first polishing was carried out on the main  surfaces of the 

disk-shaped glass, the glass was immersed in a chem ical strengthening 

solution to perform chemical strengthening.  After the chemical 

strengthening, the glass was sufficiently cleaned a nd then subjected 

to a second polishing.  After the second polishing step, the disk-shaped 

glass was cleaned again and a magnetic recording me dium glass substrate 

was produced.  The obtained magnetic recording medi um glass substrate 

had an outer diameter of 65 mm, a central hole diam eter of 20 mm, a thickness 

of 0.8 mm, and a main surface roughness of 0.2 nm o r less. 

 [0281] 

 Note that, in producing the magnetic recording med ium glass 

substrate, steps such as the lapping step carried o ut with one of the 

main purposes thereof being to improve the flatness  were eliminated.  

However, the flatness of the glass blanks of Exampl e A1 to A8 used in 

the processing was 4 µm and the flatness of the magnetic recording medium  

glass substrate produced by using the glass blanks of Example A1 to A8 

Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50  Temperature difference within press-molding surface 62A immediately before first step was
carried out [C] 50 Conditions for second step Temperature of plate glass 26 when second step was
completed (temperature when taken out) [ Cl 505  Press pressure during the second step was carried
out Reduced to 50% when temperature 
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was 4 µm, and thus, there was almost no difference in flat ness between 

the two.And the flatness of the glass blank of Exam ple A9 used in the 

processing was 3 µm and the flatness of the magnetic recording medium  

glass substrate produced by using the glass blank o f Example A9 was 3 

µm, and thus, there was almost no difference in flat ness between the 

two. Note that, the flatness of the magnetic record ing medium glass 

substrate was measured in a similar way to the meas urement of the flatness 

of the glass blank. 

 [0282] 

 Next, the magnetic recording medium glass substrat e produced was 

used to form an adherent layer, an undercoat layer,  a magnetic layer, 

a protective layer, and a lubricant layer in the st ated order on the 

main surface of the magnetic recording medium glass  substrate, yielding 

a magnetic recording medium.  First, a film-forming  apparatus in which 

vacuuming had been performed was used to form seque ntially the adherent 

layer, the undercoat layer, and the magnetic layer in an Ar atmosphere 

by using a DC magnetron sputtering method.  At that  time, the adherent 

layer was formed by using a CrTi target so that an amorphous CrTi layer 

having a thickness of 20 nm was formed.  Subsequent ly, a single 

wafer/stationary opposed film-forming apparatus was  used to form a layer 

having a thickness of 10 nm made of amorphous CrRu as the undercoat layer 

in an Ar atmosphere by using a DC magnetron sputter ing method.  Further, 

the magnetic layer was formed at a film-forming tem perature of 400°C 

by using an FePt target or a CoPt target so that an  amorphous FePt layer 

or an amorphous CoPt layer each having a thickness of 200 nm was formed.  

After the film formation up to the magnetic layer f inished, the magnetic 

recording medium was transferred from the film-form ing apparatus to a 

heating furnace and annealed at a temperature of 65 0 to 700°C. 

 [0283] 

of plate glass 26 reached temperature which was 40C higher than defromation point Results of
evaluation Flatness[pm] 4  Thickness deviation [pm] 10  Crack 
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 Next, a protective layer made of hydrogenated carb on was formed 

by a CVD method using ethylene as a material gas.  After that, a lubricant 

layer made using perfluoropolyether (PFPE) was form ed by a dip coating 

method.  The thickness of the lubricant layer was 1  nm.  The manufacturing 

steps described above provided magnetic recording m edia. 

 [0284] 

 The flatness of the magnetic recording media obtai ned by using 

the glass blanks of Example A1 to A8 was 4 µm, which was substantially 

similar to the flatness of the magnetic recording m edium glass substrates 

used in producing the magnetic recording media. And  the flatness of the 

magnetic recording media obtained by using the glas s blanks of Example 

A9 was 3 µm, which was substantially similar to the flatness of the magnetic 

recording medium glass substrates used in producing  the magnetic recording 

media. Note that, the flatness of the magnetic reco rding media was measured 

in a similar way to the measurement of the flatness  of the glass blanks. 

 [0285] 

<Comparative Example B1> 

 The glass blanks produced in Comparative Example A 1 were used to 

produce magnetic recording medium glass substrates.   Note that, the 

magnetic recording medium glass substrates were pro duced in the same 

manner as in Example B1 except that the lapping ste p was further carried 

out with the grinding allowance being set to be 50 µm after the end face 

was polished and before the first polishing was car ried out.  The obtained 

magnetic recording medium glass substrates had an o uter diameter of 65 

mm, a central hole diameter of 20 mm, a thickness o f 0.8 mm, and a main 

surface roughness of 0.2 nm or less.  Further, the flatness of the glass 

blanks used in the processing was 15 µm while the flatness of the produced 

magnetic recording medium glass substrates was 4 µm.  It was confirmed 

that the flatness was greatly improved. 

B  [Table 5-continued No.2]  Example A8 Physical property values of glass material used Deformation
point [C] 550  Strain point[C] 490 Structure of a pair of molds 
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 [0286] 

 Next, the obtained magnetic recording medium glass  substrates were 

used to produce magnetic recording media in the sam e manner as in Example 

B1.  The flatness of the obtained magnetic recordin g media was 4 µm, which 

was substantially similar to the flatness of the ma gnetic recording medium 

glass substrates used in producing the magnetic rec ording media. 

 [0287] 

<Comparative Example B2> 

 Magnetic recording medium glass substrates and mag netic recording 

media were produced in the same manner as in Compar ative Example B1 except 

that the lapping step was eliminated.  The flatness es of the obtained 

magnetic recording medium glass substrates and magn etic recording media 

were substantially the same as the flatness of the glass blanks used 

in the processing. 

 [0288] 

<Comparative Example B3> 

 Magnetic recording medium glass substrates and mag netic recording 

media were produced in the same manner as in Compar ative Example B1 except 

that the glass blanks produced in Comparative Examp le A5 were used.  The 

obtained magnetic recording medium glass substrates  had an outer diameter 

of 65 mm, a central hole diameter of 20 mm, a thick ness of 0.8 mm, and 

a main surface roughness of 0.2 nm or less.  Furthe r, the flatness of 

the glass blanks used in the processing was 15 µm while the flatness 

of the produced magnetic recording medium glass sub strates was 4 µm.  

It was confirmed that the flatness was greatly impr oved. 

 [0289] 

 Next, the obtained magnetic recording medium glass  substrates were 

used to produce magnetic recording media in the sam e manner as in 

Comparative Example B1.  The flatness of the obtain ed magnetic recording 

with guide member Conditions for first step Temperature Tl of press-molding surface 52A immediately
before first step was carried out [C] 500  Temperature T2 of press-molding surface 62A immediately
before crctmn.rriAt[or] ' 500  Temperature difference between press-molding surfaces(IT1-T21) [C] 
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media was 4 µm, which was substantially similar to the flatness of the 

magnetic recording medium glass substrates used in producing the magnetic 

recording media. 

 [0290] 

<Comparative Example B4> 

 Magnetic recording medium glass substrates and mag netic recording 

media were produced in the same manner as in Compar ative Example B3 except 

that the lapping step was eliminated.  The flatness es of the obtained 

magnetic recording medium glass substrates and magn etic recording media 

were substantially the same as the flatness of the glass blanks used 

in the processing. 

 [0291] 

<Examples of Second Aspect of the Present Invention > 

 Hereinafter, a second aspect of the present invent ion is described 

by way of examples, but the second aspect of the pr esent invention is 

not limited to only the following examples. 

 [0292] 

<<Production of Glass Blank>> 

 In examples and comparative examples, more than se veral hundreds 

of glass blanks (diameter: about 75 mm, thickness: about 0.9 mm) for 

producing 2.5-inch magnetic recording medium glass substrates were 

continuously produced. 

 [0293] 

(Example A1) 

 According to the process illustrated in FIG. 11 to  FIG. 19, the 

molten glass gob forming step, the press-molding st ep (first step and 

second step), and the taking out step were carried out to produce glass 

blanks.  Note that, the viscosity of the molten gla ss which flows out 

from the glass outlet 112 was adjusted to be 700 dP a·s, the first press 

0  Temperature difference within press-molding surface 52A immediately before first step was carried
out [C] 50  Temperature difference within press-molding surface 62A immediately before first step was
carried out [C] 50 Conditions for second step Temperature of plate glass 26 when second step was
completed (temperature when taken out)[ C] 505  
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mold 150 and the second press mold 160 were placed so as to be perpendicular 

to the direction in which the molten glass gob 124 fell, and the falling 

distance was set to be 150 mm. 

 [0294] 

 Here, main physical property values and the compos ition of the 

glass material used in producing the glass blanks w ere as follows. 

·Glass transition temperature: 495°C 

·Deformation point: 550°C 

·Strain point: 490°C 

·Composition: composition corresponding to Glass Co mposition 2 

 [0295] 

 Further, specific conditions for carrying out the first step and 

the second step and details of the press molds 150 and 160 used in the 

press molding were as follows. 

 [0296] 

-Conditions for Carrying out First Step- 

 The temperature of the press-molding surface 152A immediately 

before the first step was carried out was set to be  500°C, the temperature 

of the press-molding surface 162A immediately befor e the first step was 

carried out was set to be 500°C, the temperature di fference within the 

press-molding surface 152A immediately before the f irst step was carried 

out was set to be 50°C, and the temperature differe nce within the 

press-molding surface 162A immediately before the f irst step was carried 

out was set to be 50°C.  Note that, the press molds  150 and 160 were set 

to be driven so that the press-molding surface 152A  and the press-molding 

surface 162A were brought into contact with the mol ten glass gob 124 

at the same time.  Further, the press-molding time was 0.07 second.  Note 

that, the temperatures of the press-molding surface s 152A and 162A were 

monitored by thermocouples placed at a depth of 30 mm from the press-molding 

Press pressure during the second step was carried out Reduced to 50% when temperature of plate
glass 26 reached defromation point Results of evaluation Flatness[pm] 4  Thickness deviation [Pm] 10
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surfaces 152A and 162A, respectively.  Among the th ermocouples, one was 

placed at the center of each of the press-molding s urfaces 152A and 162A, 

and four were placed at positions of 1 mm in radius  from the center of 

each of the press-molding surfaces 152A and 162A in  diameter directions 

so as to form angles of 0°, 90°, 180°, and 270° in a peripheral direction, 

respectively. 

 [0297] 

-Conditions for Carrying out Second Step- 

 The temperature of the plate glass 126 when the se cond step was 

completed (temperature when taken out) was set to b e 495°C.  The press 

pressures of the press mold bodies 152 and 162 duri ng the second step 

was carried out were set to be always held at 0.5 M Pa.  Note that, the 

temperature of the plate glass 126 was a value dete rmined on the assumption 

that the temperature was a temperature measured by the thermocouple placed 

at the center of each of the press-molding surfaces  152A and 162A. 

 [0298] 

-Press Mold- 

 As the press mold 150, one formed of cast iron of the integral 

type in which the press mold body 152 and the guide  member 154 were integrally 

formed was used.  As the press mold 160, one of the  integral type which 

was similar to the press mold 150 was used.  Note t hat, the press-molding 

surfaces 152A and 162A were completely flat surface s.  Further, each of 

the press molds 150 and 160 of the integral type wh ich were used was 

provided with a flow path for passing cooling water  therethrough formed 

in the press mold body 152 or 162 for controlling t he temperature of 

the press-molding surface 152A or 162A and the temp erature distribution 

within the press-molding surface 152A or 162A, and a heater placed on 

an outer peripheral side of the press mold 150 or 1 60.  

 [0299] 

Crack A  [Table 5-continued No.3]  Example A9 Comparative Example Al Comparative Example A2
Physical property values of glass material used Deformation point [CC] 
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(Example A2) 

 Glass blanks were produced in the same manner as i n Example A1 

except that the temperature of the plate glass when  taken out was set 

to be 490°C. 

 [0300] 

(Example A3) 

 Glass blanks were produced in the same manner as i n Example A1 

except that the temperature of the plate glass when  taken out was set 

to be 505°C. 

 [0301] 

(Example A4) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second st ep was carried out 

was reduced with time.  Note that, the press pressu re was controlled so 

as to be 50% when the temperature of the plate glas s 126 reached a temperature 

which was 25°C lower than the defromation point, wi th the press pressure 

immediately after the start of the second step bein g the reference (100%). 

 [0302] 

(Example A5) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second st ep was carried out 

was reduced with time.  Note that, the press pressu re was controlled so 

as to be 50% when the temperature of the plate glas s 126 reached a temperature 

which was 25°C higher than the defromation point, w ith the press pressure 

immediately after the start of the second step bein g the reference (100%). 

 [0303] 

(Example A6) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second st ep was carried out 

550 550 550  Strain point[C] 490 490 490 Structure of a pair of molds with guide member FIG.12(press
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was reduced with time.  Note that, the press pressu re was controlled so 

as to be 50% when the temperature of the plate glas s 126 reached a temperature 

which was 40°C lower than the defromation point, wi th the press pressure 

immediately after the start of the second step bein g the reference (100%). 

 [0304] 

(Example A7) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second st ep was carried out 

was reduced with time.  Note that, the press pressu re was controlled so 

as to be 50% when the temperature of the plate glas s 126 reached a temperature 

which was 40°C higher than the defromation point, w ith the press pressure 

immediately after the start of the second step bein g the reference (100%). 

 [0305] 

(Example A8) 

 Glass blanks were produced in the same manner as i n Example A3 

except that the press pressure during the second st ep was carried out 

was reduced with time.  Note that, the press pressu re was controlled so 

as to be 50% when the temperature of the plate glas s 126 reached the 

defromation point, with the press pressure immediat ely after the start 

of the second step being the reference (100%). 

 (Example A9) 

 Glass blanks were produced in the same manner as i n Example A2 

except that the temperature of the plate glass when  taken out was set 

to be 485°C. 

 [0306] 

(Comparative Example A1) 

 Glass blanks were produced under basically the sam e conditions 

as in Example A1 except that a press mold 300 illus trated in FIG. 22 

was used as the press mold.  However, during the se cond step was carried 

mold body and guide member were Integrally formed) FIG.13 (without guide member) Conditions for
first step Temperature Tl of press-molding surface 52A immediately before first step was carried out
[C] 500 500 500 



 150

out, the press pressure was applied to the whole pr ess mold 300. 

 [0307] 

 Note that, the press mold 300 illustrated in FIG. 22 is formed 

of cast iron and has a structure in which the press  mold body 152 and 

the guide member 154 forming the press mold 150S il lustrated in FIG. 

20 are integrated.  The press mold 300 is a circula r cylinder and one 

end face thereof is a press-molding surface 300A.  Further, a ring-like 

convex portion 302 having a function similar to tha t of the guide member 

154 is provided along an outer edge portion of the press-molding surface.  

Further, a rod-like member 304 is attached to a sur face which is opposite 

to the press-molding surface 300A.  A drive which i s not shown is connected 

to the other end of the rod-like member 304.  Note that, the rod-like 

member 304 is attached so as to be coaxial with the  axial direction X 

of the press mold 300.  Further, the smoothness and  the flatness of the 

press-molding surface 300A of the press mold 300 an d the dimensions of 

the press-molding surface 300A and the convex porti on 302 are substantially 

similar to those of the mold 150S used in the examp les and illustrated 

in FIG. 20. 

 [0308] 

(Comparative Example A2) 

 Glass blanks were produced under basically the sam e conditions 

as in Example A1 except that a press mold 310 illus trated in FIG. 23 

was used as the press mold.  However, the first ste p was completed at 

a point in time at which the thickness of the plate  glass 126 was similar 

to the thickness of the glass blank to be produced,  and after that, the 

second step was carried out with the press pressure  being reduced.  

Further, during the second step was carried out, th e press pressure was 

applied to the whole press mold 310. 

 [0309] 

Temperature T2 of press-molding surface 62A immediately before first step was carried out [C] 500
500 500  Temperature difference between press-molding  (1T1-T2i) VC] n u 0 0 
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 Note that, the press mold 310 illustrated in FIG. 23 is formed 

of cast iron and has a structure corresponding to t hat of the press mold 

body 152 forming the press mold 150S illustrated in  FIG. 20 are integrated.  

The press mold 310 is a circular cylinder and one e nd face thereof is 

a press-molding surface 310A.  Further, a rod-like member 312 is attached 

to a surface which is opposite to the press-molding  surface 310A.  A drive 

which is not shown is connected to the other end of  the rod-like member 

312.  Note that, the rod-like member 312 is attache d so as to be coaxial 

with the axial direction X of the press mold 310. 

 [0310] 

(Evaluation) 

 The glass blanks produced in the examples and the comparative 

examples were evaluated in terms of flatness, thick ness deviation, and 

a crack.  The results are shown in Table 4 and Tabl e 5.  Note that, the 

temperatures of two press-molding surfaces during t he first step and 

the second step were carried out in the examples an d the comparative 

examples were substantially the same and were 505°C  or less at the highest. 

 

Temperature difference within press-molding surface 52A immediately before first step was carried out
[C] 50 50 50  Temperature difference within press-molding surface 62A immediately before first step
was carried out [C] 50 50 50 Conditions for second step Temperature of plate glass 26 when second
step was completed (temperature when taken out) [ C] 



 152

[0311]   [Table 4] 

 

 

 

 

 

 

 

 

 

485 495 495  Press pressure during the second step was carried out Always constant Always constant
Always constant Results of evaluation Flatness [pm] 3 
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15 4  Thickness deviation[-am] 8 10 30  Crack A A B 
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[0313]         Note that, the evaluation method and the evaluation criteria for the flatness, thickness
deviation, and a crack shown in Table 4 and Table 5 are as described below. [0314]  Flatness-
The flatness was measured with a three-dimensional shape measuring apparatus (manufactured by
COMS Co., Ltd., high-precision three-dimensional shape measuring system, MAP-3D) . The average
flatness of ten samples was determined. [0315]  Thickness Deviation-         With regard to the
thickness deviation, the thicknesses of the produced glass blank at the center and at positions of 30
mm in radius from the center so as to form angles of 0, 90, 180, and 270 in a peripheral direction,
respectively, were measured with a micrometer, and the standard deviation of the five points was
determined. Then, the average value of the standard deviations of ten samples was determined.
[0316]  Crack-         When 1,000 glass blanks were continuously produced, glass blanks with a crack
among the obtained glass blanks were counted to determine the rate of occurrence of a crack. Note
that, the evaluation criteria of the results of the evaluation shown in Table 4 and Table 5 are as follows.
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[0312]   [Table 5] 

 

 

 

A: The rate of occurrence of a crack is 0%. B: The rate of occurrence of a crack is more than 0% and
1% or less. C: The rate of occurrence of a crack is more than 1% and 2% or less. D: The rate of
occurrence of a crack is 3% or more. [0317] <<Production of Magnetic Recording Medium Glass
Substrate and Magnetic Recording Medium>> <Example El>         The each glass blanks produced in
Example Al to A9 were annealed to reduce or remove strain. Next, there was applied scribe
processing on a portion that was to serve as the outer periphery of a magnetic recording medium glass
substrate and a portion that was to serve as the central hole thereof. As a result of the processing, two
grooves looking like concentric circles were formed outside and inside. Next, by partially heating the
portions on which the scribe processing was applied, a crack were generated along the grooves
produced by the scribe processing, by virtue of the difference in thermal expansion of glass, and the
outside portion of the outer concentric circle and the inside portion were removed. As a result, a
disk-shapedglass having a perfect circle shape was obtained. [0318]         Next, shape processing was
applied to the disk-shaped glass by using chamfering or the like and its end surfaces were polished.
Then, after a first polishing is carried out on the main surfaces of the disk-shaped glass, the glass is
immersed in a chemical strengthening solution to perform chemical strengthening. After the chemical
strengthening, the glass was sufficiently cleaned and then subjected to a second polishing. After the
second polishing step, the disk-shaped glass was cleaned again and a magnetic recording medium
glass substrate was produced. The obtained magnetic recording medium glass substrate had an outer
diameter of 65 mm, a central hole diameter of 20mm, a thickness of 0.8 mm, and a main surface
roughness of 0.2 nm or less. [0319] Note that, in producing the magnetic recording medium glass 
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substrates, steps such as the lapping step carried out with one of the main purposes thereof being to
improve the flatness were eliminated. However, the flatness of the glass blank s of Example Al to AS
used in the processing was 4 pm and the flatness of the magnetic recording medium glass substrates
produced by using the glass blanks of Example Al to AS was 4 pm, and thus, there was almost no
difference in flatness between the two. And the flatness of the glass blank of Example A9 used in the
processing was 3 pm and the flatness of the magnetic recording medium glass substrate produced by
using the glass blank of Example A9 was 3 pm, and thus, there was almost no difference in flatness
between the two. Note that, the flatness of the magnetic recording medium glass substrates was
measured in a similar way to the measurement of the flatness of the glass blanks. [0320]         Next,
the produced magnetic recording medium glass substrate was used to form an adherent layer, an
undercoat layer, a magnetic layer, a protective layer, and a lubricant layer in the stated order on the
main surface of the magnetic recording medium glass substrate, yielding a magnetic recording
medium. First, a film-forming apparatus in which vacuuming had been performed was used to form
sequentially the adherent layer, the undercoat layer, and the magnetic layer in an Ar atmosphere by
using a DC magnetron sputtering method. At that time, the adherent layer was formed by using a CrTi
target so that an amorphous CrTi layer having a thickness of 20 nm was formed. Subsequently, a
single wafer/stationary opposed film-forming apparatus was used to forma layer having a thickness of
10 nmpmade of amorphous CrRu as the undercoat layer in an Ar atmosphere by using a DC
magnetron sputtering method. Further, the magnetic layer was formed at a film-forming temperature of
400C by using an FePt target or a CoPt target so that an amorphous FePt layer or an amorphous
CoPt layer each having a thickness of 200 nm was formed. After the film formation up to the magnetic
layer finished, the magnetic recording medium was transferred from the film-forming apparatus to a
heating furnace and annealed at a temperature of 650 to 700C. [0321]         Next, a protective layer
made of hydrogenated carbon was formed by a CVD method using ethylene as a material gas. After
that, a lubricant layer made using perfluoropolyether (PEPE) was formed by a dip coating method. The
thickness of the lubricant layer was 1 nm. The manufacturing steps described above provided
magnetic recording media. [0322]         The flatness of the magnetic recording media obtained by
using the glass blanks of Example Al to AS was 4 pm, which was substantially similar to the flatness of
the magnetic recording medium glass substrates used in producing the magnetic recording media.
And the flatness of the magnetic recording media obtained by using the glass blanks of Example A9
was3 pm, which was substantially similar to the flatness of the magnetic recordingmedi um glass
substrates used in producing the magnetic recording media. Note that, the flatness of the magnetic
recording media was measured in a similar way to the measurement of the flatness of the glass
blanks. [0323] <Comparative Example Bl>         The glass blanks produced in Comparative Example
Al were used to produce magnetic recording medium glass substrates. Note that, the magnetic
recording medium glass substrates were produced in the same manner as in Example El except that
the lapping step was further carried out with the grinding allowance being set to be 50 pm after the end
face was polished and before the first polishing was carried out. The obtained magnetic recording
medium glass substrates had an outer diameter of 65 mm, a central hole diameter of 20 mm, a
thickness of 0.8 mm, and a main surface roughness of 0.2 nm or less. Further, the flatness of the glass
blanks used in the processing was 15 pm while the flatness of the produced magnetic recording
medium glass substrates was 4 pm. It was confirmed that the flatness was greatly improved. 
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[0324]         Next, the obtained magnetic recording medium glass substrates were used to produce
magnetic recording media in the same manner as in Example Bl. The flatness of the obtained
magnetic recording media was 4 pm, which was substantially similar to the flatness of the magnetic
recording medium glass substrates used in producing the magnetic recording media. [0325]
<Comparative Example B2>         Magnetic recording medium glass substrates and magnetic
recording media were produced in the same manner as in Comparative Example 151 except that the
lapping step was eliminated. The flatnesses of the obtained magnetic recording medium glass
substrates and magnetic recording media were substantially the same as the flatness of the glass
blanks used in the processing. [Reference Signs List] [0326] 10molten glass effluent pipe 12glass
outlet 20molten glass flow 22forward end portion 24molten glass gob 
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26plate glass 30lower side blade (shear blade)  32body portion 34blade portion 34Uupper surface (of
blade portion) 34Elower surface (of blade portion) 40upper side blade (shear blade) 42body portion
44blade portion 44Uupper surface (of blade portion) 44Elower surface (of blade portion) 
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 [0313] 

 Note that, the evaluation method and the evaluatio n criteria for 

the flatness, thickness deviation, and a crack show n in Table 4 and Table 

5 are as described below.  

 [0314] 

-Flatness- 

 The flatness was measured with a three-dimensional  shape measuring 

apparatus (manufactured by COMS Co., Ltd., high-pre cision 

three-dimensional shape measuring system, MAP-3D).  The average flatness 

of ten samples was determined. 

 [0315] 

-Thickness Deviation- 

 With regard to the thickness deviation, the thickn esses of the 

produced glass blank at the center and at positions  of 30 mm in radius 

from the center so as to form angles of 0°, 90°, 18 0°, and 270° in a 

peripheral direction, respectively, were measured w ith a micrometer, 

and the standard deviation of the five points was d etermined.  Then, the 

average value of the standard deviations of ten sam ples was determined. 

 [0316] 

-Crack- 

 When 1,000 glass blanks were continuously produced , glass blanks 

with a crack among the obtained glass blanks were c ounted to determine 

the rate of occurrence of a crack.  Note that, the evaluation criteria 

of the results of the evaluation shown in Table 4 a nd Table 5 are as 

follows. 

A: The rate of occurrence of a crack is 0%. 

B: The rate of occurrence of a crack is more than 0 % and 1% or less. 

C: The rate of occurrence of a crack is more than 1 % and 2% or less. 

D: The rate of occurrence of a crack is 3% or more.  

50first press mold 503press mold 52press mold body 52Apress-molding surface 52Epushed surface
54guide member 54Aguide surface 54Epushed surface 56first pushing member 56Apushing surface
56Esurface opposite to pushing surface 56A 56Hthrough hole 
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 [0317] 

<<Production of Magnetic Recording Medium Glass Sub strate and Magnetic 

Recording Medium>> 

<Example B1> 

 The each glass blanks produced in Example A1 to A9  were annealed 

to reduce or remove strain.  Next, there was applie d scribe processing 

on a portion that was to serve as the outer periphe ry of a magnetic recording 

medium glass substrate and a portion that was to se rve as the central 

hole thereof.  As a result of the processing, two g rooves looking like 

concentric circles were formed outside and inside.  Next, by partially 

heating the portions on which the scribe processing  was applied, a crack 

were generated along the grooves produced by the sc ribe processing, by 

virtue of the difference in thermal expansion of gl ass, and the outside 

portion of the outer concentric circle and the insi de portion were removed.  

As a result, a disk-shaped glass having a perfect c ircle shape was obtained. 

 [0318] 

 Next, shape processing was applied to the disk-sha ped glass by 

using chamfering or the like and its end surfaces w ere polished.  Then, 

after a first polishing is carried out on the main surfaces of the 

disk-shaped glass, the glass is immersed in a chemi cal strengthening 

solution to perform chemical strengthening.  After the chemical 

strengthening, the glass was sufficiently cleaned a nd then subjected 

to a second polishing.  After the second polishing step, the disk-shaped 

glass was cleaned again and a magnetic recording me dium glass substrate 

was produced.  The obtained magnetic recording medi um glass substrate 

had an outer diameter of 65 mm, a central hole diam eter of 20 mm, a thickness 

of 0.8 mm, and a main surface roughness of 0.2 nm o r less. 

 [0319] 

 Note that, in producing the magnetic recording med ium glass 

58second pushing member 60second press mold 62press mold body 62Apress-molding surface
64guide member 64Aguide surface [0327] 110molten glass effluent pipe  112glass outlet 120molten
glass flow 122forward end portion 
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substrates, steps such as the lapping step carried out with one of the 

main purposes thereof being to improve the flatness  were eliminated.  

However, the flatness of the glass blank s of Examp le A1 to A8 used in 

the processing was 4 µm and the flatness of the magnetic recording medium  

glass substrates produced by using the glass blanks  of Example A1 to 

A8 was 4 µm, and thus, there was almost no difference in flat ness between 

the two. And the flatness of the glass blank of Exa mple A9 used in the 

processing was 3 µm and the flatness of the magnetic recording medium  

glass substrate produced by using the glass blank o f Example A9 was 3 

µm, and thus, there was almost no difference in flat ness between the 

two. Note that, the flatness of the magnetic record ing medium glass 

substrates was measured in a similar way to the mea surement of the flatness 

of the glass blanks. 

 [0320] 

 Next, the produced magnetic recording medium glass  substrate was 

used to form an adherent layer, an undercoat layer,  a magnetic layer, 

a protective layer, and a lubricant layer in the st ated order on the 

main surface of the magnetic recording medium glass  substrate, yielding 

a magnetic recording medium.  First, a film-forming  apparatus in which 

vacuuming had been performed was used to form seque ntially the adherent 

layer, the undercoat layer, and the magnetic layer in an Ar atmosphere 

by using a DC magnetron sputtering method.  At that  time, the adherent 

layer was formed by using a CrTi target so that an amorphous CrTi layer 

having a thickness of 20 nm was formed.  Subsequent ly, a single 

wafer/stationary opposed film-forming apparatus was  used to form a layer 

having a thickness of 10 nm made of amorphous CrRu as the undercoat layer 

in an Ar atmosphere by using a DC magnetron sputter ing method.  Further, 

the magnetic layer was formed at a film-forming tem perature of 400°C 

by using an FePt target or a CoPt target so that an  amorphous FePt layer 

124molten glass gob 126plate glass 130lower side blade (shear blade) 132body portion 134blade
portion 134U upper surface (of blade portion) 134E lower surface (of blade portion) 140upper side
blade (shear blade) 142body portion 144blade portion 144U upper surface (of blade portion) 144E
lower surface (of blade portion) 150 first press mold 1503 press mold 
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or an amorphous CoPt layer each having a thickness of 200 nm was formed.  

After the film formation up to the magnetic layer f inished, the magnetic 

recording medium was transferred from the film-form ing apparatus to a 

heating furnace and annealed at a temperature of 65 0 to 700°C. 

 [0321] 

 Next, a protective layer made of hydrogenated carb on was formed 

by a CVD method using ethylene as a material gas.  After that, a lubricant 

layer made using perfluoropolyether (PFPE) was form ed by a dip coating 

method.  The thickness of the lubricant layer was 1  nm.  The manufacturing 

steps described above provided magnetic recording m edia. 

 [0322] 

 The flatness of the magnetic recording media obtai ned by using 

the glass blanks of Example A1 to A8 was 4 µm, which was substantially 

similar to the flatness of the magnetic recording m edium glass substrates 

used in producing the magnetic recording media. And  the flatness of the 

magnetic recording media obtained by using the glas s blanks of Example 

A9 was 3 µm, which was substantially similar to the flatness of the magnetic 

recording medium glass substrates used in producing  the magnetic recording 

media.  Note that, the flatness of the magnetic rec ording media was 

measured in a similar way to the measurement of the  flatness of the glass 

blanks. 

 [0323] 

<Comparative Example B1> 

 The glass blanks produced in Comparative Example A 1 were used to 

produce magnetic recording medium glass substrates.   Note that, the 

magnetic recording medium glass substrates were pro duced in the same 

manner as in Example B1 except that the lapping ste p was further carried 

out with the grinding allowance being set to be 50 µm after the end face 

was polished and before the first polishing was car ried out.  The obtained 

152press mold body 152A press-molding surface 152E pushed surface 154guide member 154A guide
surface 154E pushed surface 156first pushing member 156A pushing surface 156E surface opposite
to pushing surface 156A 156H through hole 158second pushing member 160second press mold  
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magnetic recording medium glass substrates had an o uter diameter of 65 

mm, a central hole diameter of 20 mm, a thickness o f 0.8 mm, and a main 

surface roughness of 0.2 nm or less.  Further, the flatness of the glass 

blanks used in the processing was 15 µm while the flatness of the produced 

magnetic recording medium glass substrates was 4 µm.  It was confirmed 

that the flatness was greatly improved. 

 [0324] 

 Next, the obtained magnetic recording medium glass  substrates were 

used to produce magnetic recording media in the sam e manner as in Example 

B1.  The flatness of the obtained magnetic recordin g media was 4 µm, which 

was substantially similar to the flatness of the ma gnetic recording medium 

glass substrates used in producing the magnetic rec ording media. 

 [0325] 

<Comparative Example B2> 

 Magnetic recording medium glass substrates and mag netic recording 

media were produced in the same manner as in Compar ative Example B1 except 

that the lapping step was eliminated.  The flatness es of the obtained 

magnetic recording medium glass substrates and magn etic recording media 

were substantially the same as the flatness of the glass blanks used 

in the processing. 

[Re fe rence  S igns L i s t ]  

 [ 0326]  

10 molten glass effluent pipe 

12 glass outlet 

20 molten glass flow 

22 forward end portion 

24 molten glass gob 

26 plate glass 

30 lower side blade (shear blade) 

162A press-molding surface 164guide member 164A guide surface 170support member 200press
mold  CLAIMS [Claim 1]         A method of manufacturing a glass blank for a magnetic recording
medium glass substrate, comprising at least:         a first pressing step of pressing a falling molten
glass gob with a first press mold and a second press mold placed so as to be opposed to each other in
a direction crossing a direction in which the molten glass gob falls to form the falling molten glass gob
into a plate shape;         a second pressing step of continuing to press, with the first press mold and the
second press mold, plate glass formed between the first press mold and the second press mold; and
a taking out step of, after the second pressing step, moving the first press mold and the second press
mold away from each other and taking out the plate glass sandwiched between the first press mold
and the second press mold, wherein:         at least during a period in which the first pressing step and
the second pressing step are carried out, the temperature of a press-molding surface of the first press
mold and the temperature of a press-molding surface of the second press mold are substantially the
same; 
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32 body portion 

34 blade portion 

34U upper surface (of blade portion) 

34B lower surface (of blade portion) 

40 upper side blade (shear blade) 

42 body portion 

44 blade portion 

44U upper surface (of blade portion) 

44B lower surface (of blade portion) 

50 first press mold 

50S press mold 

52 press mold body 

52A press-molding surface 

52B pushed surface 

54 guide member 

54A guide surface 

54B pushed surface 

56 first pushing member 

56A pushing surface 

56B surface opposite to pushing surface 56A 

56H through hole 

58 second pushing member 

60 second press mold 

62 press mold body 

62A press-molding surface 

64 guide member 

64A guide surface 

 [0327] 

110 molten glass effluent pipe 

in the first pressing step, the molten glass gob is pressed after the press-molding surface of the first
press mold and the press-molding surface of the second press mold are brought into contact with the
molten glass gob substantially at the same time; and         the duration time of the second pressing
step is controlled so that the flatness of the glass blank for a magnetic recording medium glass
substrate is 10 pm or less. [Claim 2]         A method of manufacturing a glass blank for a magnetic
recording medium glass substrate according to claim 1,         wherein the duration time of the second
pressing step is selected so that the temperature of the plate glass when the second pressing step is
completed is at least equal to or lower than a temperature which is 10C higher than the strain point of
a glass material forming the plate glass. [Claim 3]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to claim 1 or 2,         further comprising a molten
glass gob forming step of causing molten glass to fall from a glass outlet and cutting a forward end
portion of a molten glass flow continuously flowing out downward in the vertical direction. [Claim 4]
A method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to claim 3,         wherein the viscosity of the molten glass is in a range of 500 dPa.s to 1,050 dPa.s. 



 165

112 glass outlet 

120 molten glass flow 

122 forward end portion 

124 molten glass gob 

126 plate glass 

130 lower side blade (shear blade) 

132 body portion 

134 blade portion 

134U upper surface (of blade portion) 

134B lower surface (of blade portion) 

140 upper side blade (shear blade) 

142 body portion 

144 blade portion 

144U upper surface (of blade portion) 

144B lower surface (of blade portion) 

150 first press mold 

150S press mold 

152 press mold body 

152A press-molding surface 

152B pushed surface 

154 guide member 

154A guide surface 

154B pushed surface 

156 first pushing member 

156A pushing surface 

156B surface opposite to pushing surface 156A 

156H through hole 

158 second pushing member 

160 second press mold 

[Claim 5]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 1 to 4,         wherein the first press mold and the second
press mold are placed so as to be opposed to each other in a direction perpendicular to the direction in
which the molten glass gob falls. [Claim 6]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 1 to 5,         wherein the
temperature of the press-molding surfaces of the first press mold and the second press mold
immediately before the first pressing step is carried out is equal to or lower than a temperature which
is 10C higher than the strain point of a glass material forming the molten glass gob. [Claim 7]         A
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
any one of claims 1 to 6,         wherein the press pressure in the second pressing step is reduced with
time. [Claim 8]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to claim 7,         wherein the press pressure is reduced when the temperature of
the plate glass sandwiched between the first press mold and the second press mold is lowered into a
range of 30C from the defromation point of a glass material forming the plate glass. 
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162 press mold body 

162A press-molding surface 

164 guide member 

164A guide surface 

170 support member 

200 press mold 

 

[Claim 9]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 1 to 8,         wherein, during the second pressing step is
carried out, one surface of the plate glass and the press-molding surface of the first press mold are
always in intimate contact with each other without a gap and the  other surface of the plate glass and
the press-molding surface of the second press mold are always in intimate contact with each other
without a gap. [Claim 10]         A method of manufacturing a glass blank for a magnetic recording
medium glass substrate according to any one of claims 1 to 9,         wherein the duration time of the
second pressing step is controlled so that the flatness of the glass blank for a magnetic recording
medium glass substrate is 4 pm or less. [Claim 11]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 1 to 10,         wherein
regions in contact with at least the plate glass of the press-molding surfaces of the first press mold and
the second press mold are substantially flat surfaces. [Claim 12] 
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CLAIMS 

 

 [Claim 1] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate, comprising at least: 

 a first pressing step of pressing a falling molten  glass gob with 

a first press mold and a second press mold placed s o as to be opposed 

to each other in a direction crossing a direction i n which the molten 

glass gob falls to form the falling molten glass go b into a plate shape; 

 a second pressing step of continuing to press, wit h the first press 

mold and the second press mold, plate glass formed between the first 

press mold and the second press mold; and 

 a taking out step of, after the second pressing st ep, moving the 

first press mold and the second press mold away fro m each other and taking 

out the plate glass sandwiched between the first pr ess mold and the second 

press mold, wherein: 

 at least during a period in which the first pressi ng step and the 

second pressing step are carried out, the temperatu re of a press-molding 

surface of the first press mold and the temperature  of a press-molding 

surface of the second press mold are substantially the same; 

 in the first pressing step, the molten glass gob i s pressed after 

the press-molding surface of the first press mold a nd the press-molding 

surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time; and 

 the duration time of the second pressing step is c ontrolled so 

that the flatness of the glass blank for a magnetic  recording medium 

glass substrate is 10 µm or less. 

 

 [Claim 2] 

A method of manufacturing a magnetic recording medium glass substrate, comprising at least:
manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least:
a first pressing step of pressing a falling molten glass gob with a first press mold and a second press
mold placed so as to be opposed to each other in a direction crossing a direction in which the molten
glass gob falls to form the falling molten glass gob into a plate shape; a second pressing step of
continuing to press, with the first  press mold and the second press mold, plate glass formed between
the first press mold and the second press mold; and                 a taking out step of, after the second
pressing step, moving the first press mold and the second press mold away from each other and
taking out the plate glass sandwiched between the first press mold and the second press mold; and
after that, a polishing step of polishing main surfaces of the glass blank for a magnetic recording
medium glass substrate, wherein:         at least during a period in which the first pressing step and the
second pressing step are carried out, the temperature of a press-molding surface of the first press
mold and the temperature of a press-molding surface of the second press mold are substantially the
same;         in the first pressing step, the molten glass gob is pressed after the press-molding surface
of the first press mold and the press-molding surface of the second press mold are brought into
contact with the molten glass gob substantially at the same time; and         the duration time of the
second pressing step is controlled so that the flatness of the glass blank for a magnetic recording
medium glass substrate is 10 pm or less. [Claim 13] 
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 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 1,  

 wherein the duration time of the second pressing s tep is selected 

so that the temperature of the plate glass when the  second pressing step 

is completed is at least equal to or lower than a t emperature which is 

10°C higher than the strain point of a glass materi al forming the plate 

glass. 

 

 [Claim 3] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 1 or 2,  

 further comprising a molten glass gob forming step  of causing molten 

glass to fall from a glass outlet and cutting a for ward end portion of 

a molten glass flow continuously flowing out downwa rd in the vertical 

direction. 

 

 [Claim 4] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 3,  

 wherein the viscosity of the molten glass is in a range of 500 

dPa·s to 1,050 dPa·s. 

 

 [Claim 5] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 4,  

 wherein the first press mold and the second press mold are placed 

so as to be opposed to each other in a direction pe rpendicular to the 

direction in which the molten glass gob falls. 

 

A method of manufacturing a magnetic recording medium glass substrate according to claim 12,
wherein         the duration time of the second pressing step is selected so that the temperature of the
plate glass when the second pressing step is completed is at least equal to or lower than a
temperature which is 10C higher than the strain point of a glass material forming the plate glass.
[Claim 14]         A method of manufacturing a magnetic recording medium glass substrate according to
claim 12 or 13,         wherein the flatness of the glass blank for a magnetic recording medium glass
substrate and the flatness of the magnetic recording medium glass substrate are substantially the
same. [Claim 15]         A method of manufacturing a magnetic recording medium, comprising at least:
manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least:
a first pressing step of pressing a falling molten glass gob with a first press mold and a second press
mold placed so as to be opposed to each other in a direction crossing a direction in which the molten
glass gob falls to form the falling molten glass gob into a plate shape;                 a second pressing
step of continuing to press, with the first press mold and the second press mold, plate glass formed
between the first press mold and the second press mold; and                 a taking out step of, after the
second pressing step, moving the first press mold and the second press mold away from each other
and taking out the plate glass sandwiched between the first press mold and the second press mold;
after that, manufacturing a magnetic recording medium glass substrate, comprising at least a polishing
step of polishing main surfaces of the glass blank for a magnetic recording medium glass substrate;
and further, 
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 [Claim 6] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 5,  

 wherein the temperature of the press-molding surfa ces of the first 

press mold and the second press mold immediately be fore the first pressing 

step is carried out is equal to or lower than a tem perature which is 

10°C higher than the strain point of a glass materi al forming the molten 

glass gob. 

 

 [Claim 7] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 6,  

 wherein the press pressure in the second pressing step is reduced 

with time. 

 

 [Claim 8] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 7,  

 wherein the press pressure is reduced when the tem perature of the 

plate glass sandwiched between the first press mold  and the second press 

mold is lowered into a range of ±30°C from the defr omation point of a 

glass material forming the plate glass. 

 

 [Claim 9] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 8,  

 wherein, during the second pressing step is carrie d out, one surface 

of the plate glass and the press-molding surface of  the first press mold 

are always in intimate contact with each other with out a gap and the 

manufacturing a magnetic recording medium, comprising at least a magnetic recording layer-forming
step of forming a magnetic recording  layer on the magnetic recording medium glass substrate,
wherein:         at least during a period in which the first pressing step and the second pressing step are
carried out, the temperature of a press-molding surface of the first press mold and the temperature of
a press-molding surface of the second press mold are substantially the same;         in the first pressing
step, the molten glass gob is pressed after the press-molding surface of the first press mold and the
press-molding surface of the second press mold are brought into contact with the molten glass gob
substantially at the same time; and         the duration time of the second pressing step is controlled so
that the flatness of the glass blank for a magnetic recording medium glass substrate is 10 pm or less.
[Claim 16]         A method of manufacturing a magnetic recording medium according to claim 15,
wherein the duration time of the second pressing step is selected so that the temperature of the plate
glass when the second pressing step is completed is at least equal to or lower than a temperature
which is 10C higher than the strain point of a glass material forming the plate glass. [Claim 17]         A
method of manufacturing a magnetic recording medium according to claim 15 or 16,         wherein the
flatness of the glass blank for a magnetic recording medium glass substrate and the flatness of the
magnetic recording medium glass substrate are substantially the same. 
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other surface of the plate glass and the press-mold ing surface of the 

second press mold are always in intimate contact wi th each other without 

a gap. 

 

 [Claim 10] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 9,  

 wherein the duration time of the second pressing s tep is controlled 

so that the flatness of the glass blank for a magne tic recording medium 

glass substrate is 4 µm or less. 

 

 [Claim 11] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 1 to 10,  

 wherein regions in contact with at least the plate  glass of the 

press-molding surfaces of the first press mold and the second press mold 

are substantially flat surfaces. 

 

 [Claim 12] 

 A method of manufacturing a magnetic recording med ium glass 

substrate, comprising at least: 

 manufacturing a glass blank for a magnetic recordi ng medium glass 

substrate, comprising at least: 

  a first pressing step of pressing a falling molte n glass 

gob with a first press mold and a second press mold  placed so as to be 

opposed to each other in a direction crossing a dir ection in which the 

molten glass gob falls to form the falling molten g lass gob into a plate 

shape; 

  a second pressing step of continuing to press, wi th the first 

[Claim 18]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate, comprising at least a press-molding step of press-molding a falling molten glass gob with a
first press mold and a second press mold placed so as to be opposed to each other in a direction
crossing a direction in which the molten glass gob falls, wherein: at least the first press mold at least
comprises: a press mold body having a press-molding surface; and                 a guide member having
at least the function of maintaining a substantially fixed distance between the press-molding surfaces
of the first press mold and the second press mold in the press molding, by, when pushed to the side of
the second press mold which is placed so as to be opposed to the press-molding surface, being
brought into contact with a part of the second press mold which is placed so as to be opposed to the
press-molding surface; and the press-molding step comprises:                 a first step of forming the
molten glass gob into plate glass by bringing the first press mold and the second press mold closer
together until the guide member of the first press mold and the second press mold are in contact with
each other; and                 a second step of continuing to press, with the press mold body of the first
press mold and the second press mold, the plate glass with the guide member of the first press mold
and the second press mold being in contact with each other. [Claim 19]         A method of
manufacturing a glass blank for a magnetic recording medium glass substrate according to claim 18,
wherein: each of the first press mold and the second press mold at least 
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press mold and the second press mold, plate glass f ormed between the 

first press mold and the second press mold; and 

  a taking out step of, after the second pressing s tep, moving 

the first press mold and the second press mold away  from each other and 

taking out the plate glass sandwiched between the f irst press mold and 

the second press mold; and 

 after that, a polishing step of polishing main sur faces of the 

glass blank for a magnetic recording medium glass s ubstrate, wherein: 

 at least during a period in which the first pressi ng step and the 

second pressing step are carried out, the temperatu re of a press-molding 

surface of the first press mold and the temperature  of a press-molding 

surface of the second press mold are substantially the same; 

 in the first pressing step, the molten glass gob i s pressed after 

the press-molding surface of the first press mold a nd the press-molding 

surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time; and 

 the duration time of the second pressing step is c ontrolled so 

that the flatness of the glass blank for a magnetic  recording medium 

glass substrate is 10 µm or less. 

 

 [Claim 13] 

 A method of manufacturing a magnetic recording med ium glass 

substrate according to claim 12, wherein 

 the duration time of the second pressing step is s elected so that 

the temperature of the plate glass when the second pressing step is 

completed is at least equal to or lower than a temp erature which is 10°C 

higher than the strain point of a glass material fo rming the plate glass. 

 

 [Claim 14] 

comprises: a press mold body having a press-molding surface; and                 a guide member having
at least the function of maintaining a substantially fixed distance between the press-molding surfaces
of the first press mold and the second press mold in the press molding, by, when pushed to the side of
the other press mold which is placed so as to be opposed to the press-molding surface, being brought
into contact with a part of the other press mold which is placed so as to be opposed to the
press-molding surface;         the first step is carried out by bringing the first press mold and the second
press mold closer together until the guide member of the first press mold and the guide member of the
second press mold are brought into contact with each other; and         the second step is carried out by
continuing to press, with the press mold body of the first press mold and the press mold body of the
second press mold, the plate glass with the guide member of the first press mold and the guide
member of the second press mold being in contact with each other. [Claim 20]         A method of
manufacturing a glass blank for a magnetic recording medium glass substrate according to claim 18 or
19,         further comprising a molten glass gob forming step of causing molten glass to fall from a
glass outlet and cutting a forward end portion of a molten glass flow continuously flowing out
downward in the vertical direction. [Claim 21] A method of manufacturing a glass blank for a magnetic
recording 175 
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 A method of manufacturing a magnetic recording med ium glass 

substrate according to claim 12 or 13,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate and the flatness of the magn etic recording medium 

glass substrate are substantially the same. 

 

 [Claim 15] 

 A method of manufacturing a magnetic recording med ium, comprising 

at least: 

 manufacturing a glass blank for a magnetic recordi ng medium glass 

substrate, comprising at least: 

  a first pressing step of pressing a falling molte n glass 

gob with a first press mold and a second press mold  placed so as to be 

opposed to each other in a direction crossing a dir ection in which the 

molten glass gob falls to form the falling molten g lass gob into a plate 

shape; 

  a second pressing step of continuing to press, wi th the first 

press mold and the second press mold, plate glass f ormed between the 

first press mold and the second press mold; and 

  a taking out step of, after the second pressing s tep, moving 

the first press mold and the second press mold away  from each other and 

taking out the plate glass sandwiched between the f irst press mold and 

the second press mold;  

 after that, manufacturing a magnetic recording med ium glass 

substrate, comprising at least a polishing step of polishing main surfaces 

of the glass blank for a magnetic recording medium glass substrate; and 

further,  

 manufacturing a magnetic recording medium, compris ing at least 

a magnetic recording layer-forming step of forming a magnetic recording 

medium glass substrate according to claim 20,         wherein the viscosity of the molten glass is in a
range of 500 dPa.s to 1,050 dPa.s. [Claim 22]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 21,         wherein the
first press mold and the second press mold are placed so as to be opposed to each other in a direction
perpendicular to the direction in which the molten glass gob falls. [Claim 23]         A method of
manufacturing a glass blank for a magnetic recording medium glass substrate according to any one of
claims 18 to 22,         wherein the duration time of the second step is controlled so that the flatness of
the glass blank for a magnetic recording medium glass substrate is 10 pm or less. [Claim 24]         A
method of manufacturing a glass blank for a magnetic recording medium glass substrate according to
any one of claims 18 to 23,         wherein the duration time of the second step is selected so that the
temperature of the plate glass when the second step is completed is at least equal to or lower than a
temperature which is 10C higher than the strain point of a glass material forming the plate glass. 
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layer on the magnetic recording medium glass substr ate, wherein: 

 at least during a period in which the first pressi ng step and the 

second pressing step are carried out, the temperatu re of a press-molding 

surface of the first press mold and the temperature  of a press-molding 

surface of the second press mold are substantially the same; 

 in the first pressing step, the molten glass gob i s pressed after 

the press-molding surface of the first press mold a nd the press-molding 

surface of the second press mold are brought into c ontact with the molten 

glass gob substantially at the same time; and 

 the duration time of the second pressing step is c ontrolled so 

that the flatness of the glass blank for a magnetic  recording medium 

glass substrate is 10 µm or less. 

 

 [Claim 16] 

 A method of manufacturing a magnetic recording med ium according 

to claim 15,  

 wherein the duration time of the second pressing s tep is selected 

so that the temperature of the plate glass when the  second pressing step 

is completed is at least equal to or lower than a t emperature which is 

10°C higher than the strain point of a glass materi al forming the plate 

glass. 

 

 [Claim 17] 

 A method of manufacturing a magnetic recording med ium according 

to claim 15 or 16,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate and the flatness of the magn etic recording medium 

glass substrate are substantially the same. 

 

[Claim 25]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to any one of claims 18 to 24,         wherein the absolute value of the difference
between the temperature of the press-molding surface of the first press mold and the temperature of
the press-molding surface of the second press mold immediately before the first step is carried out is
in a range of 0C to 10C. [Claim 26]         A method of manufacturing a glass blank for a magnetic
recording medium glass substrate according to any one of claims 18 to 25,         wherein the absolute
values of the temperature differences within the press-molding surfaces of the first press mold and the
second press mold immediately before the first step is carried out is in a range of 0C to 100C. [Claim
27]         A method of manufacturing a glass blank for a magnetic recording medium glass substrate
according to any one of claims 18 to 26, wherein:         at least during a period in which the
press-molding step is carried out, the temperature of the press-molding surface of the first press mold
and the temperature of the press-molding surface of the second press mold are substantially the
same; and         the molten glass gob is press-molded after the press-molding surface of the first press
mold and the press-molding surface of the second press mold are brought into contact with the molten
glass gob substantially at the same time. [Claim 28] 
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 [Claim 18] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate, comprising at least a press -molding step of 

press-molding a falling molten glass gob with a fir st press mold and 

a second press mold placed so as to be opposed to e ach other in a direction 

crossing a direction in which the molten glass gob falls, wherein: 

 at least the first press mold at least comprises: 

  a press mold body having a press-molding surface;  and 

  a guide member having at least the function of ma intaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the second press mol d which is placed 

so as to be opposed to the press-molding surface, b eing brought into 

contact with a part of the second press mold which is placed so as to 

be opposed to the press-molding surface; and 

 the press-molding step comprises: 

  a first step of forming the molten glass gob into  plate glass 

by bringing the first press mold and the second pre ss mold closer together 

until the guide member of the first press mold and the second press mold 

are in contact with each other; and 

  a second step of continuing to press, with the pr ess mold 

body of the first press mold and the second press m old, the plate glass 

with the guide member of the first press mold and t he second press mold 

being in contact with each other. 

 

 [Claim 19] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 18, where in: 

 each of the first press mold and the second press mold at least 

A method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to any one of claims 18 to 27, wherein the second step continues until the temperature of the  plate
glass is at least equal to or lower than a temperature which is 10C higher than the strain point of a
glass material forming the plate glass. [Claim 29]    A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 28, wherein the
press pressure in the second step is reduced with time. [Claim 30]         A method of manufacturing a
glass blank for a magnetic recording medium glass substrate according to claim 29,         wherein the
press pressure is reduced when the temperature of the plate glass sandwiched between the first press
mold and the second press mold is lowered into a range of 30C from the defromation point of a glass
material forming the plate glass. [Claim 31]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 30,         wherein the
flatness of the glass blank for a magnetic recording medium glass substrate is 10 pm or less. [Claim
32] 
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comprises: 

  a press mold body having a press-molding surface;  and 

  a guide member having at least the function of ma intaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the other press mold  which is placed so 

as to be opposed to the press-molding surface, bein g brought into contact 

with a part of the other press mold which is placed  so as to be opposed 

to the press-molding surface;  

 the first step is carried out by bringing the firs t press mold 

and the second press mold closer together until the  guide member of the 

first press mold and the guide member of the second  press mold are brought 

into contact with each other; and 

 the second step is carried out by continuing to pr ess, with the 

press mold body of the first press mold and the pre ss mold body of the 

second press mold, the plate glass with the guide m ember of the first 

press mold and the guide member of the second press  mold being in contact 

with each other. 

 

 [Claim 20] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 18 or 19,  

 further comprising a molten glass gob forming step  of causing molten 

glass to fall from a glass outlet and cutting a for ward end portion of 

a molten glass flow continuously flowing out downwa rd in the vertical 

direction. 

 

 [Claim 21] 

 A method of manufacturing a glass blank for a magn etic recording 

A method of manufacturing a glass blank for a magnetic recording medium glass substrate according
to any one of claims 18 to 31,         wherein the flatness of the glass blank for a magnetic recording
medium glass substrate is 4 pm or less. [Claim 33]         A method of manufacturing a glass blank for a
magnetic recording medium glass substrate according to any one of claims 18 to 32,         wherein
regions in contact with at least the plate glass of the press-molding surfaces of the first press mold and
the second press mold are substantially flat surfaces. [Claim 34]         A method of manufacturing a
glass blank for a magnetic recording medium glass substrate according to any one of claims 18 to 33,
wherein each of the first press mold and the second press mold further comprises:                 a first
pushing member for pushing at the same time the press mold body and the guide member in a
direction perpendicular to the press-molding surface and to the side of the other press mold placed so
as to be opposed to the press-molding surface; and                 a second pushing member for, after the
first pushing member brings the guide member and a part of the other press mold placed so as to be
opposed to the press-molding surface into contact with each other, pushing the press mold body in a
direction perpendicular to the press-molding surface and to the side of the other press mold placed so
as to be opposed to the press-molding surface. [Claim 35]         A method of manufacturing a magnetic
recording medium glass substrate, comprising at least: 
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medium glass substrate according to claim 20,  

 wherein the viscosity of the molten glass is in a range of 500 

dPa·s to 1,050 dPa·s. 

 

 [Claim 22] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 21,  

 wherein the first press mold and the second press mold are placed 

so as to be opposed to each other in a direction pe rpendicular to the 

direction in which the molten glass gob falls. 

 

 [Claim 23] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 22,  

 wherein the duration time of the second step is co ntrolled so that 

the flatness of the glass blank for a magnetic reco rding medium glass 

substrate is 10 µm or less. 

 

 [Claim 24] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 23,  

 wherein the duration time of the second step is se lected so that 

the temperature of the plate glass when the second step is completed 

is at least equal to or lower than a temperature wh ich is 10°C higher 

than the strain point of a glass material forming t he plate glass. 

 

 [Claim 25] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 24,  

manufacturing a glass blank for a magnetic recording medium glass substrate, comprising at least a
press-molding step of press-molding a falling molten glass gob with a first press mold and a second
press  mold placed so as to be opposed to each other in a direction crossing a direction in which the
molten glass gob falls; and         after that, a polishing step of polishing main surfaces of the glass
blank for a magnetic recording medium glass substrate, wherein: at least the first press mold at least
comprises: a press mold body having a press-molding surface; and                 a guide member having
at least the function of maintaining a substantially fixed distance between the press-molding surfaces
of the first press mold and the second press mold in the press molding, by, when pushed to the side of
the second press mold which is placed so as to be opposed to the press-molding surface, being
brought into contact with a part of the second press mold which is placed so as to be opposed to the
press-molding surface; and the press-molding step comprises:                 a first step of forming the
molten glass gob into plate glass by bringing the first press mold and the second press mold closer
together until the guide member of the first press mold and the second press mold are in contact with
each other; and                 a second step of continuing to press, with the press mold body of the first
press mold and the second press mold, the plate glass with the guide member of the first press mold
and the second press mold being in contact with each other. [Claim 36]         A method of
manufacturing a magnetic recording medium glass substrate according to claim 35, 
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 wherein the absolute value of the difference betwe en the temperature 

of the press-molding surface of the first press mol d and the temperature 

of the press-molding surface of the second press mo ld immediately before 

the first step is carried out is in a range of 0°C to 10°C. 

 

 [Claim 26] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 25,  

 wherein the absolute values of the temperature dif ferences within 

the press-molding surfaces of the first press mold and the second press 

mold immediately before the first step is carried o ut is in a range of 

0°C to 100°C. 

 

 [Claim 27] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 26, wherein: 

 at least during a period in which the press-moldin g step is carried 

out, the temperature of the press-molding surface o f the first press 

mold and the temperature of the press-molding surfa ce of the second press 

mold are substantially the same; and 

 the molten glass gob is press-molded after the pre ss-molding surface 

of the first press mold and the press-molding surfa ce of the second press 

mold are brought into contact with the molten glass  gob substantially 

at the same time. 

 

 [Claim 28] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 27,  

 wherein the second step continues until the temper ature of the 

wherein the flatness of the glass blank for a magnetic recording medium glass substrate and the
flatness of the magnetic recording medium  glass substrate are substantially the same. [Claim 37]
A method of manufacturing a magnetic recording medium, comprising at least:         manufacturing a
glass blank for a magnetic recording medium glass substrate, comprising at least a press-molding step
of press-molding a falling molten glass gob with a first press mold and a second press mold placed so
as to be opposed to each other in a direction crossing a direction in which the molten glass gob falls;
after that, manufacturing a magnetic recording medium glass substrate, comprising at least a polishing
step of polishing main surfaces of the glass blank for a magnetic recording medium glass substrate;
and further,         manufacturing a magnetic recording medium, comprising at least a magnetic
recording layer-forming step of forming a magnetic recording layer on the magnetic recording medium
glass substrate, wherein: at least the first press mold at least comprises: a press mold body having a
press-molding surface; and                 a guide member having at least the function of maintaining a
substantially fixed distance between the press-molding surfaces of the first press mold and the second
press mold in the press molding, by, when pushed to the side of the second press mold which is
placed so as to be opposed to the press-molding surface, being brought into contact with a part of the
second press mold which is placed so as to be opposed to the press-molding surface; and the
press-molding step comprises: 
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plate glass is at least equal to or lower than a te mperature which is 

10°C higher than the strain point of a glass materi al forming the plate 

glass. 

 

 [Claim 29] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 28,  

 wherein the press pressure in the second step is r educed with time. 

 

 [Claim 30] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 29,  

 wherein the press pressure is reduced when the tem perature of the 

plate glass sandwiched between the first press mold  and the second press 

mold is lowered into a range of ±30°C from the defr omation point of a 

glass material forming the plate glass. 

 

 [Claim 31] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 30,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate is 10 µm or less. 

 

 [Claim 32] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 31,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate is 4 µm or less. 

 

a first step of forming the molten glass gob into plate glass by bringing the first press mold and the
second press mold closer together  until the guide member of the first press mold and the second
press mold are in contact with each other; and                 a second step of continuing to press, with the
press mold body of the first press mold and the second press mold, plate glass with the guide member
of the first press mold and the second press mold being in contact with each other. [Claim 38]         A
method of manufacturing a magnetic recording medium according to claim 37,         wherein the
flatness of the glass blank for a magnetic recording medium glass substrate and the flatness of the
magnetic recording medium glass substrate are substantially the same. [Claim 39]         An apparatus
formanufacturinga glass blank for amagnetic recording medium glass substrate, comprising at least:
a molten glass effluent pipe including an outlet through which a molten glass flow falls downward in the
vertical direction;         a pair of shear blades placed so as to be opposed to each other in a direction
substantially perpendicular to a direction in which the molten glass flow flowing out from the molten
glass effluent pipe falls, on both sides of the direction in which the molten glass flow falls, for cutting a
forward end portion of the molten glass flow by being inserted into the molten glass flow from both
sides thereof to form a molten glass gob; and         a first press mold and a second press mold placed
so as to be opposed to each other in a direction substantially perpendicular to the direction in which
the molten glass gob falling downward in the vertical direction 
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 [Claim 33] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 32,  

 wherein regions in contact with at least the plate  glass of the 

press-molding surfaces of the first press mold and the second press mold 

are substantially flat surfaces. 

 

 [Claim 34] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 18 to 33,  

 wherein each of the first press mold and the secon d press mold 

further comprises: 

  a first pushing member for pushing at the same ti me the press 

mold body and the guide member in a direction perpe ndicular to the 

press-molding surface and to the side of the other press mold placed 

so as to be opposed to the press-molding surface; a nd 

  a second pushing member for, after the first push ing member 

brings the guide member and a part of the other pre ss mold placed so 

as to be opposed to the press-molding surface into contact with each 

other, pushing the press mold body in a direction p erpendicular to the 

press-molding surface and to the side of the other press mold placed 

so as to be opposed to the press-molding surface. 

 

 [Claim 35] 

 A method of manufacturing a magnetic recording med ium glass 

substrate, comprising at least: 

 manufacturing a glass blank for a magnetic recordi ng medium glass 

substrate, comprising at least a press-molding step  of press-molding 

a falling molten glass gob with a first press mold and a second press 

falls, on both sides of the direction in which the molten glass gob falls, for press-molding the molten
glass gob into plate glass by sandwiching the molten glass gob from both sides thereof, wherein at
least the first press mold at least comprises: a press mold body having a press-molding surface;
a guide member having at least the function of maintaining a substantially fixed distance between the
press-molding surfaces of the first press mold and the second press mold in the press molding, by,
when pushed to the side of the second press mold which is placed so as to be opposed to the
press-molding surface, being brought into contact with a part of the second press mold which is placed
so as to be opposed to the press-molding surface;                 a first pushing member for pushing at the
same time the press mold body and the guide member in a direction perpendicular to the
press-molding surface and to the side of the second press mold placed so as to be opposed to the
press-molding surface; and                 a second pushing member for, after the first pushing member
brings the guide member and a part of the second press mold placed so as to be opposed to the
press-molding surface into contact with each other, pushing the press mold body in a direction
perpendicular to the press-molding surface and to the side of the second press mold placed so as to
be opposed to the press-molding surface. [Claim 40]         A method of manufacturing a glass blank for
a magnetic recording medium glass substrate, comprising a press-molding step of press-molding a
plate glass by directly pressing a molten glass gob by using a pair of press molds which are placed so
as to be opposed to each other and have substantially the same temperature,          wherein the
press-molding step includes continuing to press the molten glass gob by the pair of press molds until
the temperature of the molten glass gob is equal to or lower than a temperature which is 10C higher
than a strain point of a glass material forming the plate glass. [Claim 41]         A method of
manufacturing a glass blank for a magnetic recording medium glass substrate according to claim 40,
further comprising performing annealing after maintaining a state in which the molten glass gob and
the pair of press molds are brought into intimate contact with each other until the temperature of the
molten glass gob is equal to or lower than the strain point of the glass material. 
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mold placed so as to be opposed to each other in a direction crossing 

a direction in which the molten glass gob falls; an d 

 after that, a polishing step of polishing main sur faces of the 

glass blank for a magnetic recording medium glass s ubstrate, 

wherein: 

 at least the first press mold at least comprises: 

  a press mold body having a press-molding surface;  and 

  a guide member having at least the function of ma intaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the second press mol d which is placed 

so as to be opposed to the press-molding surface, b eing brought into 

contact with a part of the second press mold which is placed so as to 

be opposed to the press-molding surface; and 

 the press-molding step comprises: 

  a first step of forming the molten glass gob into  plate glass 

by bringing the first press mold and the second pre ss mold closer together 

until the guide member of the first press mold and the second press mold 

are in contact with each other; and 

  a second step of continuing to press, with the pr ess mold 

body of the first press mold and the second press m old, the plate glass 

with the guide member of the first press mold and t he second press mold 

being in contact with each other. 

 

 [Claim 36] 

 A method of manufacturing a magnetic recording med ium glass 

substrate according to claim 35,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate and the flatness of the magn etic recording medium 

[Claim 42]         A method of manufacturing a glass blank for a magnetic recording medium glass
substrate according to claim 40 or 41, wherein:         the press-molding step includes a first pressing
step for determining a thickness of the plate glass and a second pressing step for improving a flatness
of the plate glass; and         the first pressing step and the second pressing step are carried out
continuously by using the pair of press molds. [Claim 43]         A method of manufacturing a glass
blank for a magnetic recording medium glass substrate according to any one of claims 40 to 42,
wherein the press-molding step is carried out so that the thickness of the plate glass is 2 mm or less
and the flatness thereof is 10 pm or less.  [Claim 44]         A method of manufacturing a magnetic
recording medium glass substrate, comprising:         producing the glass blank for a magnetic
recording medium glass substrate by the manufacturing method according to any one of claims 40 to
43; and         processing the glass blank for a magnetic recording medium glass substrate to produce a
magnetic recording medium glass substrate. 
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glass substrate are substantially the same. 

 

 [Claim 37] 

 A method of manufacturing a magnetic recording med ium, comprising 

at least: 

 manufacturing a glass blank for a magnetic recordi ng medium glass 

substrate, comprising at least a press-molding step  of press-molding 

a falling molten glass gob with a first press mold and a second press 

mold placed so as to be opposed to each other in a direction crossing 

a direction in which the molten glass gob falls;  

 after that, manufacturing a magnetic recording med ium glass 

substrate, comprising at least a polishing step of polishing main surfaces 

of the glass blank for a magnetic recording medium glass substrate; and 

further, 

 manufacturing a magnetic recording medium, compris ing at least 

a magnetic recording layer-forming step of forming a magnetic recording 

layer on the magnetic recording medium glass substr ate, wherein: 

 at least the first press mold at least comprises: 

  a press mold body having a press-molding surface;  and 

  a guide member having at least the function of ma intaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the second press mol d which is placed 

so as to be opposed to the press-molding surface, b eing brought into 

contact with a part of the second press mold which is placed so as to 

be opposed to the press-molding surface; and 

 the press-molding step comprises: 

  a first step of forming the molten glass gob into  plate glass 

by bringing the first press mold and the second pre ss mold closer together 

[Claim 45]     A method of manufacturing a magnetic recording medium, comprising: producing the
magnetic recording medium glass substrate by the manufacturing method according to claim 44; and
producing a magnetic recording medium, comprising at least a magnetic recording layer-forming step
of forming a magnetic recording layer on the magnetic recording medium glass substrate. 
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until the guide member of the first press mold and the second press mold 

are in contact with each other; and 

  a second step of continuing to press, with the pr ess mold 

body of the first press mold and the second press m old, plate glass with 

the guide member of the first press mold and the se cond press mold being 

in contact with each other. 

 

 [Claim 38] 

 A method of manufacturing a magnetic recording med ium according 

to claim 37,  

 wherein the flatness of the glass blank for a magn etic recording 

medium glass substrate and the flatness of the magn etic recording medium 

glass substrate are substantially the same. 

 

 [Claim 39] 

 An apparatus for manufacturing a glass blank for a  magnetic recording 

medium glass substrate, comprising at least: 

 a molten glass effluent pipe including an outlet t hrough which 

a molten glass flow falls downward in the vertical direction; 

 a pair of shear blades placed so as to be opposed to each other 

in a direction substantially perpendicular to a dir ection in which the 

molten glass flow flowing out from the molten glass  effluent pipe falls, 

on both sides of the direction in which the molten glass flow falls, 

for cutting a forward end portion of the molten gla ss flow by being inserted 

into the molten glass flow from both sides thereof to form a molten glass 

gob; and 

 a first press mold and a second press mold placed so as to be opposed 

to each other in a direction substantially perpendi cular to the direction 

in which the molten glass gob falling downward in t he vertical direction 
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falls, on both sides of the direction in which the molten glass gob falls, 

for press-molding the molten glass gob into plate g lass by sandwiching 

the molten glass gob from both sides thereof,  

 wherein at least the first press mold at least com prises: 

  a press mold body having a press-molding surface;   

  a guide member having at least the function of ma intaining 

a substantially fixed distance between the press-mo lding surfaces of 

the first press mold and the second press mold in t he press molding, 

by, when pushed to the side of the second press mol d which is placed 

so as to be opposed to the press-molding surface, b eing brought into 

contact with a part of the second press mold which is placed so as to 

be opposed to the press-molding surface; 

  a first pushing member for pushing at the same ti me the press 

mold body and the guide member in a direction perpe ndicular to the 

press-molding surface and to the side of the second  press mold placed 

so as to be opposed to the press-molding surface; a nd 

  a second pushing member for, after the first push ing member 

brings the guide member and a part of the second pr ess mold placed so 

as to be opposed to the press-molding surface into contact with each 

other, pushing the press mold body in a direction p erpendicular to the 

press-molding surface and to the side of the second  press mold placed 

so as to be opposed to the press-molding surface. 

 

 [Claim 40] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate, comprising a press-molding step of press-molding 

a plate glass by directly pressing a molten glass g ob by using a pair 

of press molds which are placed so as to be opposed  to each other and 

have substantially the same temperature, 
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 wherein the press-molding step includes continuing  to press the 

molten glass gob by the pair of press molds until t he temperature of 

the molten glass gob is equal to or lower than a te mperature which is 

10°C higher than a strain point of a glass material  forming the plate 

glass. 

 

 [Claim 41] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 40, furth er comprising 

performing annealing after maintaining a state in w hich the molten glass 

gob and the pair of press molds are brought into in timate contact with 

each other until the temperature of the molten glas s gob is equal to 

or lower than the strain point of the glass materia l. 

 

 [Claim 42] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to claim 40 or 41,  wherein: 

 the press-molding step includes a first pressing s tep for 

determining a thickness of the plate glass and a se cond pressing step 

for improving a flatness of the plate glass; and 

 the first pressing step and the second pressing st ep are carried 

out continuously by using the pair of press molds. 

 

 [Claim 43] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate according to any one of clai ms 40 to 42, 

 wherein the press-molding step is carried out so t hat the thickness 

of the plate glass is 2 mm or less and the flatness  thereof is 10 µm 

or less. 
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 [Claim 44] 

 A method of manufacturing a magnetic recording med ium glass 

substrate, comprising: 

 producing the glass blank for a magnetic recording  medium glass 

substrate by the manufacturing method according to any one of claims 

40 to 43; and 

 processing the glass blank for a magnetic recordin g medium glass 

substrate to produce a magnetic recording medium gl ass substrate. 

 

 [Claim 45] 

 A method of manufacturing a magnetic recording med ium, comprising: 

 producing the magnetic recording medium glass subs trate by the 

manufacturing method according to claim 44; and 

 producing a magnetic recording medium, comprising at least a 

magnetic recording layer-forming step of forming a magnetic recording 

layer on the magnetic recording medium glass substr ate. 

 


