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(57) ABSTRACT 

The present invention relates to a glass substrate of Which 
the outer periphery portion is unprocessed. The present 
invention also relates to a manufacturing method for a glass 
substrate of Which the outer periphery portion is unproc 
essed, characterized in that a ?rst lapping process, a second 
lapping process, a polishing process and a Washing process 
are carried out after a press molding process is carried out so 

as to compress glass betWeen an upper mold and a loWer 
mold Without regulating the edge surface of the outer 
periphery portion of the glass and, then, a crystallization 
process or an annealing process is carried out. 



Patent Application Publication Jul. 17, 2003 Sheet 1 0f 16 US 2003/0134734 A1 

Fig 1 

melting of glass 

1 
press molding 

i 
crystallization or annealing 

i 
centerofgravity coring 

Y 

precision inner periphery 
edge surface process 

?rst lapping 

inner periphery edge 
surface polishing process 

l 1 
second lapping 

J, 
polishing 

l 
washi ng 

J, 
inspection 



Patent Application Publication Jul. 17, 2003 Sheet 2 0f 16 US 2003/0134734 A1 

Fig 2 

4/1 
3\/ 

(A) We 4/___\ 
.\2 

1 
f, 
I 

( B ) 15\/\4Z/////////,)/\_/ 15 



Patent Application Publication Jul. 17, 2003 Sheet 3 0f 16 US 2003/0134734 A1 

Fig 3 

(A) 

4 

1 

( B ) 5 '.\\\I'IIIIIIIIJI\\\‘I 5 



Patent Application Publication 

Fig 4 

Jul. 17, 2003 Sheet 4 0f 16 

melting of glass 

i 
press molding 

l 
crystallization or annealing 

i 
center of 

gravity coring 

precision inner periphery 
edge surface process 

l 
inner periphery edge 

surface polishing process 

l 
second lapping 

l 
polishing 

l 
washing 

i 
inspection 

US 2003/0134734 A1 

(?rst lapping step is omitted) 



Patent Application Publication Jul. 17, 2003 Sheet 5 0f 16 US 2003/0134734 A1 

Fig 5 

melti ng of glass 

i 
press molding 

l 
crystallization or annealing 

center of 
gravl ty con'ng 

(?rst lapping step is omitted) 

precision inner periphery 
edge surface process 

l 
inner periphery edge 

surface polishing process 

(second lapping step is omitted) 

Y 

polishing 

l 
washing 

l 
inspection 



Patent Application Publication Jul. 17, 2003 Sheet 6 0f 16 US 2003/0134734 A1 

Fig 6 

(A) 

(B) 



Patent Application Publication Jul. 17, 2003 Sheet 7 0f 16 US 2003/0134734 A1 

Fig 7 

5 

3 

5 

(A) 5 H 

II: 1 

13%;, 
4---'-\ m6 

' 2 

l I 

' : 

4 

/1 
(B) 



Patent Application Publication 

Fig 8 

Jul. 17, 2003 Sheet 8 0f 16 US 2003/0134734 A1 

melting of glass 

press molding with recess creation 

crystallization or annealing 

l (cori ng step is omitted) 

?rst lapping 

l @ 
outer diameter scribing 
and splitting or outer @ 
dlameter gnndlng 

1e 
precision edge surface process 

l 
edge surface polishing process 

l 
second lapping 

l 
polishing 

l 
washing 

1 
inspection 



Patent Application Publication Jul. 17, 2003 Sheet 9 0f 16 US 2003/0134734 A1 

Fig 9 

(A) 

\~ 

2 

(B) ‘9 [/4 

T11: ( \i9'-~—- 21:0 



Patent Application Publication 

Fig 10 

(A) 

(B) 

(C) 

Jul. 17, 2003 Sheet 10 0f 16 US 2003/0134734 A1 

/ 

A 

l I 

11 11 

10 kg‘ 

1 

f 
/ 

A 

I I 

11 11 

10 B 

1 

f 
/ 

A 

I I 

10 -I 



Patent Application Publication Jul. 17, 2003 Sheet 11 0f 16 US 2003/0134734 A1 

Fig 11 20 

'js'jjjjj 22 
22 24 21 23 l 21 24 

24 25 24 

K a 

22 22 

25 25 

24 

¢ 22 

Fig 12 
000 w 

J 30 

000 32 



Patent Application Publication Jul. 17, 2003 Sheet 12 0f 16 US 2003/0134734 A1 

Fig 13 

(A) 

B 



Patent Application Publication 

Fig 14 

Jul. 17, 2003 Sheet 13 0f 16 

melting of glass 

i 
press molding 

l 
crystallization or annealing 

l 
coring or outer periphery pre-process 

US 2003/0134734 A1 

(?rst lapping step is omitted) 

precision edge surface process 

l 
edge surface polishing process 

l 
Iappi ng 

l 
polishing 

l 
washi ng 

l 
inspection 



Patent Application Publication Jul. 17, 2003 Sheet 14 of 16 US 2003/0134734 A1 

Fig 15 

melting of glass 

i 
press molding 

l 
crystallization or annealing 

l 
coring or outer periphery pre-process 

(?rst lapping step is omitted) 

precision edge surface process 

i 
edge surface polishing process 

(second lapping step is omitted) 

polishing 

l 
washi ng 

l 
inspection 



Patent Application Publication Jul. 17, 2003 Sheet 15 0f 16 US 2003/0134734 A1 

Fig 16 

101 

1 03 
W —> (////////////////////) 

102 

Fig 17 



Patent Application Publication 

Fig 18 

melting of glass 

Jul. 17, 2003 Sheet 16 0f 16 

i 
press molding 

l 
crystallization or annealing 

l 
coring or outer periphery pre-process 

l 
?rst lapping 

l 
precision edge surface 
process (inner and outer) 

edge surface polishing 
process (inner and outer) 

second lapping 

l 
polishing 

l 
washi ng 

l 
inspection 

US 2003/0134734 A1 



US 2003/0134734 A1 

PRESS MOLDING METHOD FOR GLASS AND 
MANUFACTURING METHOD FOR GLASS 

SUBSTRATE USING THIS METHOD 

[0001] This application is based on applications No. 
240741/2001, No. 240746/2001 and No. 259840/2001 ?led 
in Japan, the contents of Which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a press molding 
method for glass and to a manufacturing method for a glass 
substrate using this method. 

[0004] The present invention also relates to molded glass, 
for example, to a glass substrate, in particular, to a glass 
substrate of Which the outer periphery portion is unproc 
essed and to a glass substrate provided With a center hole, as 
Well as to manufacturing methods for the above. 

[0005] 2. Description of the Related Art 

[0006] A type of hard disk utiliZed as an information 
recording medium of a computer Wherein a base layer, a 
recording layer and a protective layer are sequentially lay 
ered on the surface (including the outer periphery edge 
surface) of a disk-shaped substrate made of glass is knoWn 
and is utiliZed by rotation, having the center of this disk 
shaped substrate as the center of rotation. The outer periph 
ery portion of such a glass substrate is processed With 
precision and the center hole of a glass substrate of a hard 
disk provided With a center hole is created so that the center 
of the center hole becomes center of the hard disk. 

[0007] A manufacturing method for a glass substrate of a 
hard disk is brie?y described using the ?oW chart of FIG. 
18. First, glass material is melted (glass melting step), the 
melted glass is made to ?oW into a loWer mold and press 
molding is carried out by means of an upper mold (press 
molding step). In the press molding step, methods such as 
are shoWn in FIGS. 16 and 17 are generally adopted. In 
FIG. 16, simple press molding is carried out on glass 
material 103 so that it attains a predetermined thickness 
utiliZing an upper mold 101 and a loWer mold 102 provided 
With molding surfaces having planar forms (Japanese unex 
amined patent publication H11 (1999)-255524). In FIG. 17, 
press molding is carried out on glass material 108 When an 
outer diameter regulating frame 107, in a ring form, is 
intervened betWeen an upper mold 105 and a loWer mold 
106 provided With molding surfaces having planar forms. In 
the method shoWn in FIG. 17, according to a detailed 
description, the outer periphery edge surface of glass mate 
rial 108 contacts outer diameter regulating frame 107, in a 
ring form, at the time of press molding so that the outer 
diameter of the glass substrate is regulated (Japanese unex 
amined patent publication H7 (1995)-133121). 

[0008] The glass material (glass substrate) on Which press 
molding has been carried out is crystalliZed or annealed and, 
then, is cooled (crystalliZation step or annealing step). Ahole 
is created, if desired, in the center portion of the cooled glass 
substrate through cutting and, after that, the outer periphery 
edge portion of the glass substrate, at least, is cut so that the 
dimensions of the outer diameter and the circularity of the 
glass substrate are pre-adjusted (coring step or outer periph 
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ery pre-processing step). The glass substrate, of Which the 
dimensions of the outer diameter, or the like, have been 
pre-adjusted, undergoes the ?rst lapping process Wherein the 
tWo surfaces are polished so that the entire form of the glass 
substrate, that is to say, the parallelism, the ?atness and the 
thickness of the glass substrate, is pre-adjusted (?rst lapping 
step). The outer periphery edge surface, at least, and the 
inner periphery edge surface of the hole in the glass sub 
strate, if desired, of the glass substrate, of Which the paral 
lelism, and the like, are pre-adjusted, are polished or 
rounded so that the dimensions of the outer diameter and the 
circularity of the glass substrate, the dimensions of the inner 
diameter of the hole, as Well as the concentricity of the glass 
substrate and the hole, are microscopically adjusted (preci 
sion edge surface processing step (inner and outer)). The 
outer periphery edge surface, at least, and the inner periph 
ery edge surface of the hole, if desired, of the glass substrate, 
of Which the dimensions of the outer diameter, or the like, 
have been microscopically adjusted, are polished so that the 
edge surfaces are made to have a mirror surface (edge 
surface polishing process (inner and outer)). The tWo sur 
faces of the glass substrate, of Which the edge surfaces have 
been polished, are again polished so that the entire form of 
the glass substrate, that is to say, the parallelism, the ?atness 
and the thickness of the glass substrate, is microscopically 
adjusted (second lapping step). The glass substrate, of Which 
the parallelism, and the like, has been microscopically 
adjusted, undergoes the polishing step so that the tWo 
surfaces are polished and the unevenness of the surfaces is 
eliminated (polishing step). The glass substrate, Which has 
been polished, is ?nally Washed and inspected so that only 
those that have passed inspection can be utiliZed as sub 
strates for hard disks. 

[0009] According to conventional methods there is a limit 
to the degree of the mirror surface of the outer periphery 
edge surface although mirror surfaces can be achieved on 
the top surface and on the bottom surface of the glass 
substrate. That is to say, even though the outer periphery 
portion of the glass substrate is processed as described 
above, in particular, even though the outer periphery edge 
surface of the glass substrate is polished in the edge surface 
polishing step according to the conventional methods, the 
outer periphery edge surface cannot be sufficiently con 
verted to a mirror surface because this process for the edge 
surface is complex and because polishing of this edge 
surface cannot be carried out for suf?ciently long period of 
time due to manufacturing cost considerations. Described in 
detail, microscopic scratches remain in the outer periphery 
edge surface of the glass substrate gained according to the 
conventional methods so that the surface has a surface 
coarseness of at least approximately 5 nm and a maximum 
surface coarseness of approximately 250 nm. When micro 
scopic scratches remain in the outer periphery edge surface 
in such a manner, it is dif?cult to layer a base layer, a 
recording layer, a protective layer, and the like, on top of 
these microscopic scratches. In addition, even in the case 
that a base layer, a recording layer, a protective layer, and the 
like, can be layered on top of the microscopic scratches, the 
amount of alkaline components exuding out of these micro 
scopic scratches signi?cantly increases as time elapses and, 
therefore, a base layer, a recording layer, a protective layer, 
and the like, Which have been layered onto the surfaces 
(including the outer periphery edge surface) are corroded 
from the outer periphery portion of the substrate at a 
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comparatively early stage so that a problem arises, as a 
consequence, Wherein the stored data is destroyed compara 
tively easily. 

[0010] In addition, as for a cutting method in the coring 
step in the case that a glass substrate of a hard disk provided 
With a center hole is manufactured, inner and outer diameter 
processing by means of polishing, a method Wherein scrib 
ing is carried out on at least one surface of a glass substrate 
and, then, an impact is given to the portion to be cut in the 
condition Wherein this scribed surface is facing upWard 
(Japanese uneXamined patent publication H11 (1999) 
116261), a method of dividing a glass substrate by cutting 
shalloW lines into the glass substrate by means of a laser 
beam (for example, Japanese uneXamined patent publication 
2000-281371), and the like, are generally adopted. Accord 
ing to the conventional methods, hoWever, a hole is created 
in a glass substrate, of Which the tWo surfaces are ?at 
through their entirety, in the coring step by means of the 
above described cutting methods and, therefore, there is the 
problem of increased cost of manufacture because process 
ing time becomes too lengthy, the utiliZed devices are too 
expensive and the processes are too complex. 

[0011] Furthermore, according to the conventional meth 
ods, the precision of the press molding step is particularly 
poor so that it becomes necessary to adjust the entire form 
of a glass substrate by means of the above described lapping 
step, or the like, and because the number of steps is great an 
increase in the cost of manufacture has become a problem. 
That is to say, according to the method shoWn in FIG. 16, 
the thickness of a glass substrate is controlled according to 
the distance betWeen the upper mold and the loWer mold 
and, therefore, it is difficult to gain a glass substrate having 
a predetermined thickness. Furthermore, When glass sub 
strates are repeatedly manufactured, one aXis, of the center 
aXis of the upper mold of the center aXis of the loWer mold, 
easily becomes tilted relative to the other aXis so that the 
parallelism is deteriorated. In addition, according to the 
method shoWn in FIG. 17, glass makes contact With the 
entirety of the upper mold, the loWer mold and the outer 
diameter regulating frame at the time of press molding and, 
therefore, a slight increase in the amount of glass prevents 
pressure from being uniformly conveyed to the glass so that 
the parallelism and the ?atness easily become deteriorated. 
In addition, When molding is repeatedly carried out, a great 
dispersion in thickness results. 

SUMMARY OF THE INVENTION 

[0012] The present invention is formed of the folloWing 
inventions A to C. 

[0013] A purpose of invention A is to provide a glass 
substrate of a hard disk that can be simply manufactured at 
a loW cost and of Which the outer periphery edge surface is 
sufficiently converted to a mirror surface and to provide a 
manufacturing method for the same. 

[0014] Apurpose of invention B is to provide a method for 
manufacturing, simply and at a loW cost, a glass substrate of 
a hard disk provided With a center hole. 

[0015] A purpose of invention C is to provide a press 
molding method for glass having a high precision With 
respect to the parallelism, the ?atness and the dispersion in 
thickness and to provide a manufacturing method for a glass 
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substrate of a hard disk that can reduce the manufacturing 
cost by reducing the number of manufacturing steps. 

[0016] Invention A relates to a glass substrate of a hard 
disk of Which the outer periphery portion is unprocessed. 

[0017] Invention A also relates to a manufacturing method 
for a glass substrate of a hard disk, of Which the outer 
periphery portion is unprocessed, characteriZed in that a 
press molding process is carried out on glass betWeen an 
upper mold and a loWer mold Without regulating the edge 
surface of the outer periphery portion of the glass and a ?rst 
lapping process, a second lapping process, a polishing 
process and a Washing process are carried out after a 
crystalliZation process or after an annealing process. 

[0018] Invention A also relates to a manufacturing method 
for a glass substrate of a hard disk, of Which the outer 
periphery portion is unprocessed, characteriZed in that a 
press molding process is carried out on glass betWeen an 
upper mold and a loWer mold Without regulating the edge 
surface of the outer periphery portion of the glass and a 
center of gravity coring process is carried out in order to 
create a center hole, of Which the center is the center of 
gravity, and then a ?rst lapping process, a precision inner 
periphery edge surface process, an inner periphery edge 
surface polishing process, a second lapping process, a pol 
ishing process and a Washing process are carried out after a 
crystalliZation process or after an annealing process. 

[0019] Invention B relates to a manufacturing method for 
a glass substrate of a hard disk provided With a center hole 
characteriZed by being created in a manner Wherein a press 
molding process for compressing glass is carried out so as to 
gain a glass substrate having a recessed portion, Which has 
been compressed by a protruding portion, Wherein the 
thickness D of the glass becomes 0.1 T1 to 0.5 T1 (T1 is the 
distance betWeen the molding surface of the upper mold and 
the molding surface of the loWer mold at the time of the 
completion of the press molding process) by compressing 
the glass betWeen the upper and loWer molds, the molding 
surface of one of the upper and loWer molds having the 
protruding portion in the form of a circular truncated cone 
formed by cutting a cone With a plane parallel to the bottom 
surface of the cone Wherein the ratio (B/A), of the diameter 
B of the top cross section to the diameter A of the bottom 
surface, is 0.7 to 0.99 and, after that, a lapping process is 
carried out on, at least, the surface of this glass substrate 
Without the recessed portion. 

[0020] Invention C relates to a press molding method for 
glass characteriZed in that glass is compressed betWeen an 
upper mold and a loWer mold With a parallel spacer inter 
vened betWeen the upper mold and the loWer mold While the 
outer periphery portion of the glass and the parallel spacer 
maintain the non-contact condition. 

[0021] Invention C also relates to a manufacturing method 
for a glass substrate of a hard disk Wherein the above 
described press molding method is adopted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a flow chart of one eXample of a 
manufacturing method for a glass substrate of a hard disk, of 
Which the outer periphery portion is unprocessed according 
to invention A; 
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[0023] FIG. 2(A) is a schematic con?guration diagram, 
showing upper and lower molds, for describing a manufac 
turing method for a glass substrate of a hard disk, of Which 
the outer periphery portion is unprocessed according to 
invention A and FIG. 2(B) is a schematic state diagram of 
the upper mold and the loWer mold after press molding has 
been carried out using the upper and loWer molds of FIG. 

2(A); 
[0024] FIG. 3(A) is a schematic con?guration diagram, 
shoWing upper and loWer molds, for describing one eXample 
of a method according to inventions A and C and FIG. 3(B) 
is a schematic state diagram of the upper mold and the loWer 
mold after press molding has been carried out using the 
upper and loWer molds of FIG. 3(A); 

[0025] FIG. 4 is a ?oW chart of an eXample of a manu 
facturing method for a glass substrate of a hard disk accord 
ing to invention A; 

[0026] FIG. 5 is a ?oW chart of an eXample of a manu 
facturing method for a glass substrate of a hard disk accord 
ing to invention A; 

[0027] FIG. 6(A) represents a schematic cross sectional 
diagram shoWing an eXample of a press molding device 
suitable for utiliZing methods according to inventions A and 
C, a schematic layout diagram of the upper mold of this 
device seen from beloW and a schematic layout diagram of 
the loWer mold seen from above and FIG. 6(B) is a 
schematic state diagram of the upper mold and the loWer 
mold after press molding has been carried out using the 
device of FIG. 6(A); 

[0028] FIG. 7(A) represents a schematic cross sectional 
diagram shoWing an eXample of a press molding device 
suitable for utiliZing methods according to inventions A and 
C, a schematic layout diagram of the upper mold of this 
device seen from beloW and a schematic layout diagram of 
the loWer mold seen from above and FIG. 7(B) is a 
schematic state diagram of the upper mold and the loWer 
mold after press molding has been carried out using the 
device of FIG. 7(A); 

[0029] FIG. 8 is a ?oW chart of one eXample of a 
manufacturing method for a glass substrate of a hard disk 
according to invention B; 

[0030] FIG. 9(A) is a schematic con?guration diagram, 
shoWing upper and loWer molds, With an enlarged diagram 
of a protruding portion for describing a manufacturing 
method for a glass substrate of a hard disk according to 
invention B and FIG. 9(B) is a schematic state diagram of 
the upper mold and the loWer mold after press molding has 
been carried out using the upper and loWer molds of FIG. 

9(A); 
[0031] FIGS. 10(A), 10(B) and 10(C), respectively, shoW 
eXamples of forms of the protruding portion; 

[0032] FIG. 11 represents a schematic cross sectional 
diagram and a schematic layout diagram for describing the 
outer diameter scribing and splitting step; 

[0033] FIG. 12 is a schematic cross sectional diagram for 
describing the outer diameter grinding step; 

[0034] FIG. 13(A) is a schematic con?guration diagram, 
shoWing upper and loWer molds, for describing one eXample 
of a manufacturing method for a glass substrate of a hard 
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disk according to invention B and FIG. 13(B) is a schematic 
state diagram of the upper mold and the loWer mold after 
press molding has been carried out using the upper and 
loWer molds of FIG. 13(A); 

[0035] FIG. 14 is a ?oW chart of an eXample of a 
manufacturing method for a glass substrate of a hard disk 
according to invention C; 

[0036] FIG. 15 is a ?oW chart of an eXample of a 
manufacturing method for a glass substrate of a hard disk 
according to invention C; 

[0037] FIG. 16 is a schematic con?guration diagram of 
metal molds for describing a press molding method accord 
ing to a prior art; 

[0038] FIG. 17 is a schematic con?guration diagram of 
metal molds for describing a press molding method accord 
ing to a prior art; and 

[0039] FIG. 18 is a ?oW chart of a manufacturing method 
for a glass substrate of a hard disk according to a prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] In the present speci?cation, parallelism is an indeX 
representing the degree of “tilt of the surface (top surface), 
according to transfer from the molding surface of the upper 
mold, relative to the surface (bottom surface), according to 
transfer from the molding surface of the loWer mold” caused 
by one aXis, either the center aXis of the upper mold or the 
center axis of the loWer mold, Which is tilted relative to the 
other ads. The tilt of the top surface relative to the bottom 
surface is a “tilt of the top surface When the bottom surface 
is regarded as a horiZontal plane” and the parallelism is 
represented by the difference in height due to the tilt of the 
top surface per 100 mm unit length of the loWer surface in 
the cross section Wherein the above tilt is the greatest. Such 
parallelism is herein represented by the value measured by 
a Digimatic indicator (manufactured by Mitutoyo Corpora 
tion), hoWever, it is not necessary to use this device for 
measurement but, rather, any device may be used for mea 
surement, as long as the device can measure the above 
described parallelism. 

[0041] The ?atness is an indeX representing the degree of 
Warp of a molded article and is represented by the distance 
betWeen the highest point on the top surface and a horiZontal 
plane surface When the molded article is placed on the 
horiZontal plane surface. Such ?atness is herein represented 
by the value measured by a Digimatic indicator (manufac 
tured by Mitutoyo Corporation), hoWever, it is not necessary 
to use this device for measurement but, rather, any device 
may be used for measurement, as long as the device can 
measure the above described ?atness. 

[0042] The thickness indicates the thickness of the thin 
nest portion in the molded article. 

[0043] The dispersion in thickness is the difference 
betWeen the average thickness When a plurality of molded 
articles is molded and the thickness that differs the most 
from this average thickness. 

[0044] The thickness is herein represented by the value 
measured by a Digimatic indicator (manufactured by Mitu 
toyo Corporation), hoWever, any device may be used for 
measurement. 








































