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(57) ABSTRACT

An optical element processing tool for grinding or polishing
an optical element includes: a base plate including a fixing
region having a predetermined curvature; and a plurality of
grindstones each formed in a columnar body having a same
initial height, one end surface of the columnar body having
an initial shape molded into a first spherical shape conform-
ing to a processing target spherical shape of the optical
element, and the other end surface of the columnar body
being fixed to the fixing region of the base plate. A grind-
stone deviant from a condition among the plurality of
grindstones, which is the grindstone not meeting a condition
determined by a processing tool diameter of the processing
tool, includes an outer end portion cut out at least in parallel
to a center axis of the base plate so as to meet the condition.

A i
! i
row. ]
el SC1-1 a3
: ! 4a Ads
. \\\ :TC R2 : ;, I‘.___
N 4o |
NN N ] - e
RN T (U .
‘\ ‘\ oy / _—p—— —A2
R Sl % ! 13 ____$>-Hb(>Ha)

,,,,
. )

6 6 3

|
Ha |Pb 6




Patent Application Publication  Sep. 28, 2017 Sheet 1 of 9 US 2017/0274491 A1

FIG.1

\|_\

=

A
h 4

—m e c——————r
o S




Patent Application Publication

Sep. 28,2017 Sheet 2 of 9

A

fm—m—mmmmmmc——g————

\\
.
o N Tc
s 4e
NN \\
)
.
R .
.
.
.
.
NN
o3
N

Ny

6 6 3

|
Ha {Pb6 6 6
|

US 2017/0274491 A1l

’A2

[} ,’
: x
d
, [ SR A
& ’
5
."‘4‘;’/,5 ’
St Hb(=H
Uiy B PN 2 (=Ha
Al



US 2017/0274491 A1l

Sep. 28,2017 Sheet 3 of 9

Patent Application Publication

3

FIG




US 2017/0274491 A1l

Sep. 28,2017 Sheet 4 of 9

Patent Application Publication

M
2)

FIG.4




Patent Application Publication  Sep. 28, 2017 Sheet 5 of 9 US 2017/0274491 A1




Patent Application Publication  Sep. 28, 2017 Sheet 6 of 9 US 2017/0274491 A1




Patent Application Publication  Sep. 28, 2017 Sheet 7 of 9 US 2017/0274491 A1




US 2017/0274491 A1l

Sep. 28,2017 Sheet 8 of 9

Patent Application Publication

FIG.8

(1)

Y
\
\
a
1Y

_—
[&]
I
A P
o <
H A
4
/ »
b_ ] \\ 3
hwn ] ] >
4.A|\Y Tl
N g
] - \\\
| \\“

P —

D2
|

i m\
e
v
7




Patent Application Publication  Sep. 28, 2017 Sheet 9 of 9 US 2017/0274491 A1

FIG.9

,
/ '
.
e
A 4 2 i ,
3 5, a0, 7, T, % T
s s
3 b a7, o
AN
Sesns frnrne e Y g
o

J '

A22 A23s



US 2017/0274491 Al

OPTICAL ELEMENT PROCESSING TOOL
AND OPTICAL ELEMENT
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2015/075047 filed on Sep.
3, 2015 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Applications No. 2014-255416, filed
on Dec. 17, 2014, incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to an optical element
processing tool and an optical element manufacturing
method.

[0003] As an optical element processing tool to grind or
polish an optical element such as a lens, a pellet-like
grindstone obtained by solidifying abrasive grains and mold-
ing the same into a cylindrical shape is used. For example,
proposed is an optical element processing tool in which a
grindstone having an upper surface molded into a spherical
shape conforming to a processing target spherical shape of
the optical element is used and a counterbore to fix the
grindstone is provided at a pasting surface for a spherical
grindstone, thereby improving placement accuracy of a
grindstone and stabilizing a spherical surface shape of an
optical element to be processed (refer to JP 2000-084820 A,
for example).

SUMMARY

[0004] An optical element processing tool according to
one aspect of the present disclosure is an optical element
processing tool for grinding or polishing an optical element
including: a base plate including a fixing region having a
predetermined curvature; and a plurality of grindstones each
formed in a columnar body having a same initial height, one
end surface of the columnar body having an initial shape
molded into a first spherical shape conforming to a process-
ing target spherical shape of the optical element, and the
other end surface of the columnar body being fixed to the
fixing region of the base plate, wherein a grindstone deviant
from a condition among the plurality of grindstones, which
is the grindstone not meeting a condition determined by a
processing tool diameter of the processing tool, includes an
outer end portion cut out at least in parallel to a center axis
of the base plate so as to meet the condition.

[0005] The above and other objects, features, advantages
and technical and industrial significance of this disclosure
will be better understood by reading the following detailed
description of presently preferred embodiments of the dis-
closure, when considered in connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a plan view of an optical element pro-
cessing tool according to a first embodiment;

[0007] FIG. 2 is a cross-sectional view taken along a line
A-A in FIG. 1,
[0008] FIG. 3 is an enlarged view of a main portion of the

processing tool illustrated in FIG. 2;
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[0009] FIG. 4 is a view to describe a manufacturing
method for the optical element processing tool illustrated in
FIG. 1,

[0010] FIG. 5 is a partial cross-sectional view to describe
an optical element manufacturing method by using the
processing tool illustrated in FIG. 1;

[0011] FIG. 6 is a view illustrating a cross section of an
optical element processing tool according to a second
embodiment taken along a plane passing a center axis of a
base plate of the processing tool;

[0012] FIG. 7 is an enlarged view of a main portion of the
processing tool illustrated in FIG. 6;

[0013] FIG. 8 is a view to describe a manufacturing
method for the optical element processing tool according to
the second embodiment; and

[0014] FIG. 9 is a partial cross-sectional view to describe
an optical element manufacturing method by using the
processing tool illustrated in FIG. 6.

DETAILED DESCRIPTION

[0015] In the following description, an optical element
processing tool for grinding or polishing an optical element
will be described as a mode to implement the present
disclosure (hereinafter referred to as “embodiment™). Addi-
tionally, note that the present disclosure is not limited to this
embodiment. Furthermore, in the drawings, a same portion
is denoted by a same reference sign. Moreover, it should be
noted that the drawings are schematic illustrations and a
relationship between a thickness and a width of each mem-
ber, a proportion of each member, and the like may differ
from those used in practice. Also, note that portions having
sizes or proportions different from each other between the
drawings are included as well.

First Embodiment

[0016] FIG. 1 is a plan view of an optical element pro-
cessing tool according to a first embodiment of the present
disclosure. FIG. 2 is a cross-sectional view taken along a line
A-A in FIG. 1. FIG. 3 is an enlarged view of a main portion
(region S1) of the processing tool illustrated in FIG. 2.
[0017] The optical element processing tool 1 illustrated in
FIGS. 1 and 2 is a tool used to process a surface to be
processed in an optical element material into a shape form-
ing a part of a spherical surface (hereinafter referred to as
“spherical shape”). The processing tool 1 is adapted to
process the optical element material into a projecting spheri-
cal shape.

[0018] The processing tool 1 according to the present first
embodiment includes: a base plate 2; and a plurality of
grindstones 3 fixed to an upper surface 2a (fixing region) of
the base plate 2 with an adhesive 6. A processing target
spherical shape of the optical element material to be pro-
cessed is a spherical shape having a spherical center at a
center axis La of the base plate 2 and having a curvature
radius R1. A processing tool diameter of the processing tool
1 is set to D1. In the example of FIG. 1, the plurality of
grindstones 3 is arranged on the upper surface 2a of the base
plate 2 at uneven intervals.

[0019] The upper surface 2a of the base plate 2 has a
predetermined curvature and a shape molded into a spherical
shape in which a spherical center O1 is located on the center
axis La of the base plate 2. A curvature radius of the upper
surface 2a is a value R2 obtained by adding an initial height
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Ha of the grindstone 3 and a thickness of the adhesive 6
described later to the curvature radius R1. In other words, as
illustrated in FIG. 2, in the case of viewing a cross-section
of the base plate 2, the upper surface 2a forms a shape
formed along an arc A2 conforming to a spherical shape
which has a spherical center at a point O1 on the center axis
La and has the curvature radius R2. The base plate 2 is
formed of, for example, a metal or an alloy of copper, brass,
and stainless, and the like.

[0020] The grindstone 3 is obtained by solidifying abra-
sive grains including diamond and the like and molding the
same into a pellet having a cylindrical shape and then
molding both bottom surfaces of the pellet into a predeter-
mined shape. The grindstone 3 may be metal-based or
plastic-based such as a resin.

[0021] Each of the plurality of grindstones 3 has a colum-
nar body having the same initial height Ha. Each of the
grindstones 3 has an upper end surface, namely, one end
surface in a height direction having a shape molded into a
spherical shape (first spherical shape) conforming to the
processing target spherical shape of the optical element. An
initial shape of the upper end surface of each grindstones 3
is molded into the spherical shape having the spherical
center O1 located on the center axis La of the base plate 2
and having the curvature radius R1, and in the case of
viewing the cross-section thereof like FIG. 2, the upper end
surface forms a shape formed along an arc A3 conforming
to the spherical shape having the spherical center at the point
O1 on the center axis La and having the curvature radius R1.
Alower end surface that is the other end surface in the height
direction of each grindstone 3 is respectively fixed to the
upper surface 2a of the base plate 2 with the adhesive 6. The
plurality of grindstones 3 all has the same shape.

[0022] In the processing tool 1, among the plurality of
grindstones 3, grindstones deviant from a condition (such as
grindstones 35, 3¢) which are the grindstones not meeting a
condition determined by the processing tool diameter D1
have outer end portions cut out at least in parallel to the
center axis La so as to meet the condition.

[0023] A projection region, on which a circle having the
center axis La as a center and having a diameter of the
processing tool diameter D1 is projected in parallel to the
center axis La, is defined as a projection region C1 (refer to
FIG. 1) for illustrative purposes. This projection region C1
has a cylindrical shape in which a diameter is the processing
tool diameter D1 and a center axis is the axis La. In FIG. 2,
a side surface of the projection region C1 having such a
cylindrical shape is indicated by a dotted line SC1. The
grindstone deviant from the condition is a grindstone partly
included in a region deviated from this projection region C1.

[0024] In the grindstones 35, 3c¢ illustrated in FIG. 2, the
outer end portions are cut out such that grind surfaces are
prevented from being located in the region more outside
than the projection region C1. Among them, as for the
grindstone 34, a portion 54 deviated from the projection
region C1 is cut out in parallel to the center axis La along the
side surface SC1 of the projection region C1 as illustrated in
FIG. 3. As for the grindstone 3¢ also, a portion deviated from
the projection region C1 is cut out in parallel to the center
axis La along the side surface SC1 of the projection region
C1 in a similar manner. Therefore, a cut-out surface 4a of the
grindstone 35 and a cut-out surface 4¢ of the grindstone 3¢
have shapes formed along the side surface SC1.
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[0025] The grindstone deviant from the condition has a
spherical center at a position O2 obtained by moving the
spherical center O1 along the center axis La in a direction to
a lower end surface Pb from an upper end surface Pa of the
grindstone 3a by the initial height Ha of the grindstone 3,
and also is cut out up to above a position where the
projection region C1 intersects with the second spherical
shape having the curvature radius R1. An arc A3s conforms
to the second spherical shape. The grindstones 35, 3¢ have
the outer end portions cut out up to above the position where
the arc A3s intersects with the side surface SC1 of the
projection region C1 A cut-out surface 4b of the grindstone
35 is a surface orthogonal to the side surface SC1, and the
cut-out end portion corresponds to the position where the arc
A3s intersects with the side surface SC1.

[0026] In the processing tool 1, a fixing position of each
grindstone 3 is adjusted so as to have a center of the upper
end surface of the grindstone located inside the projection
region C1 such that a grind surface having a constant area
may be secured even in the grindstone deviant from the
condition and having the outer end portion cut out. For
example, in the case of grindstones 35, 3¢, fixing positions
of'a center Tb of the upper end surface of the grindstone 35
(refer to FIG. 1) and a center Tc of the upper end surface of
the grindstone 3¢ (refer to FIGS. 1 and 2) are set so as to be
located inside the projection region C1.

[0027] FIG. 4 is a view to describe a manufacturing
method for the optical element processing tool 1 illustrated
in FIG. 1. The processing tool 1 is completed by: fixing each
of'the grindstones 3 on the upper surface 2a of the base plate
2 with the adhesive 6 as illustrated in (1) of FIG. 4; and then
cutting out portions deviated from the projection region C1
of grindstones deviant from the condition (e.g., grindstones
3bp, 3¢p) in parallel to the center axis La along the side
surface SC1 of the projection region C1 as illustrated in (2)
of FIG. 4. Such a cut-out process is executed by using a
grinding and cutting tool such as a curve generator (CG)
machine and a file.

[0028] By the way, the grindstone 3 is abraded by repeat-
edly processing an optical element, and a height thereof is
gradually reduced. An abrasion loss of the grindstone 3 is
varied by an arrangement position on the upper surface 2a
of the base plate 2, and it is known from experience that an
inner-side grindstone 3 (e.g., center grindstone 3a) is
abraded faster than outer-side grindstones 3 (e.g., grind-
stones 3bp, 3cp at outer ends) are. In the case where the
center grindstone 3a which is abraded fastest is abraded
down to the lower end surface Pb, an optical element
material may not be processed into a target spherical shape.
Additionally, it is known that each grindstone 3 has a shape
of the upper end surface gradually abraded while keeping its
spherical shape having the curvature radius R1 although the
spherical center is gradually moved in a direction of the
center axis La. In the case of viewing the cross-section of the
upper end surface of each grindstone 3 as illustrated in FIG.
2, the initial shape formed along the arc A3 is changed to a
shape formed along the arc A3s along with progress of
abrasion.

[0029] As illustrated in (1) of FIG. 4, the outer-end grind-
stones 3bp, 3cp having side surface portions included in the
region deviated from the side surface SC1 of the projection
region C1 are fixed in a manner tilted from the center axis
La while conforming to the curvature of the base plate 2.
Therefore, when abrasion progresses in the center axis La



US 2017/0274491 Al

direction, the outer end portions of the upper end surfaces of
the grindstones 3bp, 3cp expand outward from the side
surface SC1 of the projection region C1, and the processing
tool diameter of the processing tool is gradually increased
from the processing tool diameter D1. In the case where
abrasion progresses down to the lower end surface Pb of the
center grindstone 3a, the upper end surface of each grind-
stone 3 comes to have the spherical shape conforming to the
arc A3s. In this case, since the upper end surfaces of the
outer-end grindstones 3bp, 3cp also expand outward from
the side surface SC1 along the arc A3s, the processing tool
diameter of the processing tool becomes D11 (>D1) and is
changed from the target diameter (D1).

[0030] In the present first embodiment, as for the grind-
stones at the outer end portions (e.g., grindstones 3bp, 3¢p)
partly included in the region deviated from the projection
region C1, at least the outer end portions deviated from the
projection region C1 are cut out in parallel to the center axis
La as illustrated in (2) of FIG. 4, thereby abrading the outer
end portions of the upper end surfaces of the grindstones 35,
3¢ while keeping the shape formed along the side surface
SC1 of the projection region C1 even when abrasion pro-
gresses.

[0031] Moreover, in the present first embodiment, the
initial height and the like of the grindstone 3 may be set such
that the grindstones deviant from the condition (e.g., grind-
stones 35, 3¢) may keep cut-out surfaces (e.g., cut-out
surfaces 4a, 4¢) in a shape formed along the side surface
SC1 of the projection region C1 even in the case where the
center grindstone 3a is all used up. A length Hb illustrated
in FIGS. 2 and 3 is a length of a straight line that connects
a position where the side surface SC1 of the projection
region C1 intersects with the arc A3 to a position where the
arc A3s intersects with the side surface SC1 in the grindstone
deviant from the condition (e.g., grindstone 35) in a manner
parallel to the center axis La. In the present first embodi-
ment, the initial height Ha of each grindstone 3, a size of the
upper surface 2a of the base plate 2, and the like may be set
such that the length Hb of the straight line that connects the
intersection point between the first spherical shape and the
projection region to the intersection point between the
second spherical shape and the projection region becomes
the initial height Ha or more of the grindstone 3 in a height
direction of the center axis La in the grindstone deviant from
the condition. With such setting, in the case of using the
processing tool 1 until the center grindstone 3a is abraded
down to the lower end surface Pb, in other words, even in the
case of using the processing tool 1 until the center grindstone
3a is abraded by an amount corresponding to the initial
height Ha, the cut-out surfaces 4a, 4c¢ of the grindstones 35,
3¢ located at the outer end portions may keep the shape
formed along the side surface SC1 of the projection region
C1, and the processing tool 1 may keep the processing tool
diameter D1.

[0032] Thus, in the present first embodiment, even when
abrasion of the grindstone 3 progresses, the processing tool
diameter D1 of the processing tool 1 may be kept constant
because the outer end portion of the grindstone deviant from
the condition, which does not meet the condition determined
by the processing tool diameter D1 of the processing tool 1,
is cut out at least in parallel to the center axis La so as to
meet the condition. Therefore, quality of the processed
surface of the optical element may be stabilized, and quality
of the optical element may be kept constant.
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[0033] Furthermore, the processing tool 1 of the present
first embodiment may be formed of only the grindstones 3
each having the same shape, and may be manufactured by a
simple process of cutting out only an outer end portion of a
grindstone deviant from a condition among the plurality of
grindstones 3 so as to meet the condition. Meanwhile, the
grindstone 3 has the upper end surface molded in a manner
conforming to the first spherical shape, and multiple kinds
thereof having various diameters may also be used as far as
the grindstone has a columnar body with the initial height
Ha. Additionally, in the present first embodiment, the case of
fixing the grindstones 3 to the upper surface 2a of the base
plate 2 in an irregular manner has been described, but
needless to mention, the grindstones may be fixed in a
regular manner.

[0034] Next, an optical element manufacturing method by
using the processing tool 1 will be described with reference
to FIG. 5. FIG. 5 is a partial cross-sectional view to describe
the optical element manufacturing method by using the
processing tool 1.

[0035] First, the processing tool 1 is installed at a polish-
ing device or a grinding device not illustrated, and an optical
element material 10 to be processed is installed at a jig (not
illustrated) provided in the polishing device or the grinding
device, and then a process to bring an upper surface of each
grindstone 3, namely, a grind surface of the processing tool
1 into contact with a surface to be processed 10a of the
optical element material 10. Subsequently, the polishing
device or the grinding device rotates the processing tool 1
while setting the center axis La of the base plate 2 as a
rotational axis, and also a processing step to grind or polish
the optical element material 10 is performed by sliding the
processing tool 1. In other words, the polishing device or the
grinding device rotates the processing tool 1 as indicated by
an arrow Y2 and slides the same as indicated by an arrow
Y3. After that, the optical element subjected to the process-
ing is removed from the jig, thereby achieving the optical
element in which the surface to be processed 10q is formed
into a shape conforming to the upper surface of the grind-
stone 3, namely, the spherical shape having the curvature
radius R1. According to the processing tool 1, even when
abrasion of the grindstone 3 progresses, the processing tool
diameter of the processing tool 1 may be kept at DI.
Therefore, quality of a processed surface of an optical
element may be stabilized. Meanwhile, in FIG. 5, exempli-
fied is the case where the processing tool 1 is installed below
an optical element and the processing tool diameter D1 is set
larger than a diameter of the optical element, however; in the
case of installing the processing tool 1 above the optical
element, the processing tool diameter D1 is set smaller than
the diameter of the optical element. Furthermore, in the
example of FIG. 5, the processing tool 1 is tilted, but there
may be a case where an optical element installed at an upper
axis or a processing tool installed at the upper axis is set in
a tilted manner.

Second Embodiment

[0036] Next, a second embodiment will be described. FIG.
6 is a view illustrating a cross section of an optical element
processing tool according to a second embodiment taken
along a plane passing a center axis of a base plate of the
processing tool. FIG. 7 is an enlarged view of a main portion
(region S2) of the processing tool illustrated in FIG. 6. A
processing tool 21 according to the second embodiment
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illustrated in FIG. 6 is adapted to process an optical element
material into a recessed spherical shape.

[0037] As illustrated in FIG. 6, the processing tool 21
includes a base plate 22 and a plurality of grindstones 23
fixed to an upper surface 22a (fixing region) of the base plate
22 with an adhesive 6. A processing target spherical shape of
the optical element material to be processed has a spherical
center on a center axis Lb of the base plate 22 and has a
curvature radius R3. A processing tool diameter of the
processing tool 21 is set to D2. In FIG. 6, a side surface of
a projection region, on which a circle having a center at the
center axis Lb and having a diameter of the processing tool
diameter D2 is projected in parallel to the center axis Lb, is
indicated by a dotted line SC2. In the example of FIG. 6, the
plurality of grindstones 23 is uniformly arranged on the
upper surface 22a of the base plate 22.

[0038] The upper surface 22a of the base plate 22 has a
predetermined curvature and has a shape molded into a
spherical shape having a spherical center O3 located on the
center axis Lb of the base plate 22. A curvature radius of the
upper surface 22a is a value R4 obtained by subtracting an
initial height Hc of the grindstone 23 and a thickness of the
adhesive 6 described later from the curvature radius R3. In
the case of viewing a cross-section of the base plate 22, the
upper surface 22a forms a shape formed along an arc A22
conforming to the spherical shape which has the spherical
center at a point O3 on the center axis Lb and has the
curvature radius R4. The base plate 22 is formed of a
material same as a base plate 2.

[0039] The grindstone 23 is formed of a material same as
a grindstone 3. Each of the plurality of grindstones 23 has a
columnar body having the same initial height He. An initial
shape of an upper end surface of each grindstone 23 is
molded into a spherical shape having the spherical center O3
located on the center axis Lb of the base plate 22 and having
the curvature radius R3, and the upper end surface forms a
shape formed along an arc A23 conforming to the spherical
shape which has the spherical center at the point O3 on the
center axis Lb and has the curvature radius R3. A lower end
surface of each grindstone 23 is respectively fixed to the
upper surface 22a of the base plate 22 with the adhesive 6.

[0040] In the case where an upper end surface Pc of a
center grindstone 23a abraded fastest is abraded down to a
lower end surface Pd, the upper end surface of each grind-
stone 23 is changed from the shape formed along an arc A23
to a shape formed along an arc A23s. The arc A23s has a
spherical center at the spherical center O4 obtained by
moving the spherical center O3 along the center axis Lb in
a direction from the upper end surface Pc to the lower end
surface Pd of the grindstone 23a by the initial height He of
the grindstone 23, and also conforms to the spherical shape
that has the curvature radius R3. In the second embodiment,
as for a grindstone 235 partly located in a region more
outside than the side surface SC2 of the projection region, a
portion 256 deviated from the side surface SC2 of the
projection region is cut out at least up to above a position
where the arc A23s intersects with the side surface SC2 as
illustrated in FIG. 7 in a manner similar to the first embodi-
ment. A cut-out surface 245 of the cut-out portion has a
shape formed along the side surface SC2. Additionally, as
for a grindstone 23c¢ also, a portion deviated from the side
surface SC2 of the projection region is cut out at least up to
a position where the arc A23s intersects with the side surface
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SC2 as illustrated in FIG. 6, and the cut-out surface 24¢
along the side surface SC2 is formed.

[0041] Additionally, in the processing tool 21 also, a
height or the like of the cut-out surface may be set such that
the cut-out surfaces (e.g., cut-out surfaces 245, 24¢) may be
kept in the shape formed along the side surface SC2 of the
projection region even in the case of using up the entire
center grindstone 23a. A length Hd illustrated in FIGS. 6 and
7 is a length of a straight line that connects a position where
the side surface SC2 of the projection region intersects with
the arc A23 to a position where the arc A23s intersects with
the side surface SC2 in a manner parallel to the center axis
Lb. In the present second embodiment also, the length Hd
may be set so as to be the initial height He or more of the
grindstone 23 in a manner similar to the first embodiment,
and in this case, even when the processing tool 21 is used
until the center grindstone 23q is abraded down to the lower
end surface Pd, the cut-out surfaces 245, 24c¢ of the grind-
stones 235, 23¢ corresponding to the grindstones deviant
from a condition may keep the shape formed along the side
surface SC2 of the projection region, and the processing tool
diameter D2 may be kept.

[0042] Furthermore, in the second embodiment also, as for
the grindstone deviant from the condition, a fixing position
of each grindstone 23 is adjusted so as to locate the center
of the grindstone deviant from the condition inside the
projection region such that a grind surface may secure a
constant area. Specifically, like the grindstones 234, 23c,
fixing positions of the grindstones 235, 23¢ are set such that
a center Te of the upper end surface of the grindstone 235
(refer to FIG. 6) and a center Tf of the upper end surface of
the grindstone 23c¢ (refer to FIG. 6) are located more inside
than the side surface SC2 of the projection region.

[0043] FIG. 8 is a view to describe a manufacturing
method for the optical element processing tool 21 illustrated
in FIG. 6. The processing tool 21 is completed by: fixing the
respective grindstones 23 on the upper surface 22a of the
base plate 22 with the adhesive 6 as illustrated in (1) of FIG.
8; and then cutting out, in parallel to the center axis Lb along
the side surface SC2 of the projection region, portions of
grindstones deviant from the condition (e.g., grindstones
23bp, 23cp) deviated from the side surface SC2 of the
projection region as illustrated in (2) of FIG. 8. Such a
cut-out process is executed by using a grinding and cutting
tool such as a CG machine and a file in a similar manner as
the first embodiment.

[0044] As it has been described in the first embodiment, in
the case where there is no cut-out portion in the outer-side
grindstones 23bp, 23¢p, when the center grindstone 23a is
abraded down to the lower end surface Pd, the upper end
surface of each grindstone 23 comes to have the spherical
shape conforming to the arc A23s, and outer ends of the
upper end surfaces of the outer-end grindstones 236p, 23¢p
reach closer to the side surface SC2 side from the outside of
the side surface SC2 of the projection region, in other words,
a diameter of the projection region becomes smaller. There-
fore, the processing tool diameter of the processing tool is
reduced to D2 (<D21). In the present second embodiment
also, as for the grindstones deviant from a condition, located
at the outer end portions, and partly included in the region
deviated from the projection region (e.g., grindstones 235,
23c¢), at least the portion deviated from the projection region
is cut out in parallel to the center axis Lb. Additionally, as
for the processing tool 21 also, even when abrasion of the
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grindstone 23 progresses, the processing tool diameter D2 of
the processing tool 21 may be kept constant while the outer
end portions of the upper end surfaces of the outer-side
grindstones 235, 23¢ are abraded along the side surface SC2
of the projection region. Therefore, effects similar to the first
embodiment may also be provided in the processing tool 21
according to the present second embodiment.

[0045] Meanwhile, FIG. 9 is a partial cross-sectional view
to describe an optical element manufacturing method by
using the processing tool 21. First, the processing tool 21 is
installed at a polishing device or a grinding device not
illustrated, and an optical element material 13 to be pro-
cessed is set at a jig (not illustrated) provided in the
polishing device or the grinding device, and then a process
to bring an upper surface of each grindstone 23, namely, a
grind surface of the processing tool 21 into contact with a
surface to be processed 13a of the optical element material
13. Subsequently, the polishing device or the grinding
device rotates the processing tool 21 as indicated by an
arrow Y5 while setting the center axis Lb of the base plate
22 as a rotational axis, and also a processing step to grind or
polish the optical element material 13 is performed by
sliding the processing tool 21 as indicated by an arrow Y6.
After that, the optical element subjected to the processing is
removed from the jig, thereby achieving the optical element
in which the surface to be processed 13a is formed into the
spherical shape having the curvature radius R3. According
to the processing tool 21, even when abrasion of the grind-
stone 23 progresses, the processing tool diameter of the
processing tool 21 may be kept at D2. Therefore, quality of
the processed surface of the optical element may be stabi-
lized. Meanwhile, in the case of installing the processing
tool 21 on an optical element similar to the first embodiment,
the processing tool diameter D2 is set smaller than a
diameter of the optical element, and the optical element
installed at an upper axis or the processing tool installed at
the upper axis is set in a tilted manner.

[0046] According to the present disclosure, an optical
element processing tool includes: a base plate including a
fixing region having a predetermined curvature; and a plu-
rality of grindstones each formed in a columnar body having
a same initial height, one end surface of the columnar body
having an initial shape molded into a first spherical shape
conforming to a processing target spherical shape of the
optical element and the other end surface of the columnar
body being fixed to the fixing region of the base plate.
Among the plurality of grindstones, a grindstone deviant
from a condition, which is the grindstone not meeting a
condition determined by a processing tool diameter of the
processing tool, has an outer end portion cut out at least in
parallel to a center axis of the base plate so as to meet the
condition. Therefore, by keeping the processing tool diam-
eter constant even though the grindstone is abraded, quality
of'a processed surface of the optical element subjected to the
processing may be stabilized, and quality of the optical
element may be kept constant.

[0047] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
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What is claimed is:

1. An optical element processing tool for grinding or
polishing an optical element, comprising:

a base plate including a fixing region having a predeter-

mined curvature; and

a plurality of grindstones each formed in a columnar body

having a same initial height, one end surface of the
columnar body having an initial shape molded into a
first spherical shape conforming to a processing target
spherical shape of the optical element, and the other
end surface of the columnar body being fixed to the
fixing region of the base plate,

wherein a grindstone deviant from a condition among the

plurality of grindstones, which is the grindstone not
meeting a condition determined by a processing tool
diameter of the processing tool, includes an outer end
portion cut out at least in parallel to a center axis of the
base plate so as to meet the condition.

2. The optical element processing tool according to claim
1, wherein

the first spherical shape has a first spherical center located

on the center axis of the base plate and has a first
curvature radius,

the fixing region of the base plate has a shape molded into

a spherical shape having a spherical center located on
the center axis of the base plate, and

the grindstone deviant from the condition is a grindstone

partly included in a region deviated from a projection
region on which a circle having the center axis as a
center and having a diameter corresponding to the
processing tool diameter is projected in parallel to the
center axis, and a portion deviated from the projection
region is cut out.

3. The optical element processing tool according to claim
2, wherein the grindstone deviant from the condition has an
outer end portion cut out up to above a position where a
second spherical shape intersects with the projection region,
and the second spherical shape has a second spherical center
obtained by moving the first spherical center by an initial
height of the grindstone in a direction from one end surface
to the other end surface of the grindstone along the center
axis and also has the first curvature radius.

4. The optical element processing tool according to claim
2, wherein the grindstone deviant from the condition is fixed
to the fixing region such that a center of the one end surface
of'the grindstone deviant from the condition is located inside
the projection region.

5. An optical element manufacturing method, in which an
optical element processing tool for grinding or polishing an
optical element includes: a base plate including a fixing
region having a predetermined curvature; and a plurality of
grindstones each formed in a columnar body having a same
initial height, one end surface of the columnar body having
an initial shape molded into a first spherical shape conform-
ing to a processing target spherical shape of the optical
element, and the other end surface of the columnar body
being fixed to the fixing region of the base plate, the optical
element manufacturing method comprising the steps of:

bringing one end surface in a height direction of each of

the grindstones included in the optical element pro-
cessing tool into contact with an optical element mate-
rial to be processed, wherein a grindstone deviant from
a condition among the plurality of grindstone, which is
the grindstone not meeting a condition determined by a
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processing tool diameter of the processing tool, has an
outer end portion cut out at least in parallel to a center
axis of the base plate so as to meet the condition; and

performing processing to grind or polish the optical
element material by rotating the optical element pro-
cessing tool while setting the center axis of the base
plate as a rotational axis.
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