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POLISHING OR GRINDING METHOD, 
PROCESSING METHOD OF OPTICAL ELEMENT, 

PROCESSING METHOD OF FLUORITE, 
POLISHING OR GRINDING APPARATUS, 

POLISHING AND/OR GRINDING APPARATUS 
FOR OPTICAL ELEMENT, APPARATUS FOR 

PROCESSING SURFACE OF OPTICAL ELEMENT, 
AND LENS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique of 
grinding or polishing a surface to be processed. 

[0003] The present invention also relates to a supplying 
technique of processing liquid When grinding or polishing a 
surface to be processed of an object. 

[0004] The present invention also relates to a grinding or 
polishing apparatus. 

[0005] The present invention also relates to a supplying 
method and apparatus in Which plural processing liquids are 
supplied When grinding or polishing by bringing a process 
ing tool in touch With a surface to be processed. 

[0006] The present invention also relates to a supplying 
method and apparatus of processing liquid When grinding or 
polishing an optically functional surface of an optical ele 
rnent. 

[0007] The present invention further relates to a supplying 
method and apparatus in Which processing liquid is sepa 
rately supplied according to a processing region When 
grinding or polishing an optically functional surface of an 
optical element. 

[0008] 2. Description of the Related Art 

[0009] An optically functional surface of a lens for use in 
a camera or the like is sequentially processed by taking the 
steps of rough machining of a glass raW material, rough 
grinding, polishing, and ?ne polishing With a predetermined 
surface processing accuracy established for each step. 

[0010] In these steps, a processing position in Which a 
processing tool comes into contact on a lens surface to be 
processed and a surrounding area of the processing position 
are thoroughly supplied With polishing liquid including 
polishing abrasive grains. 

[0011] In order to polish a lens having a large diameter, the 
lens surface is scanned With a processing tool having a 
diameter smaller than that of the lens so as to partially 
remove the processing surface. 

[0012] During processing of the large-diarneter lens, the 
processing liquid may be supplied enough only in the 
processing region; hoWever, When doing so, a part of the 
liquid is splashed on the region Which is already processed 
or Will be processed, Whereby diarnond abrasive grains in 
the processing liquid adhere to the lens surface so as to form 
a reaction product thereon by the reaction therebetWeen, 
resulting in deterioration in accuracies of the lens surface. 

[0013] In particular, a ?uoride lens made of a crystalline 
glass material of calcium ?uoride is soft and liable to be 
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damaged and may be reacted with diamond abrasive grains 
in the processing liquid in comparison With a conventional 
non-crystalline optical lens. 

[0014] Therefore, it is difficult to obtain a desired process 
ing accuracy by a method in Which the processing liquid is 
supplied over the entire surface of the lens just like in the 
conventional method due to the reaction With abrasive 
grains. 

SUMMARY OF THE INVENTION 

[0015] In order to solve the problem described above, a 
polishing method according to an aspect of the present 
invention comprises supplying liquids functionally different 
from each other to a processing region Which is processed 
With a tool and a non-processing region, respectively. 

[0016] In accordance With another aspect of the present 
invention, a polishing method of a surface to be processed 
of an object, the method comprises dividing the surface to be 
processed into a region to be processed by a processing tool 
and a region other than the region to be processed, and 
supplying different processing liquids according to the 
divided region. 

[0017] In accordance With another aspect of the present 
invention, a polishing method comprises separately supply 
ing a processing liquid Which includes polishing abrasive 
grains to a region to be processed by a processing tool of an 
object and a processing liquid Without the polishing abrasive 
grains to a region other than the region to be processed. 

[0018] In accordance With another aspect of the present 
invention, a processing method of an optical element corn 
prises supplying liquids functionally different from each 
other to a region to be processed by a tool of the optical 
element and a region other than the region to be processed, 
respectively. 
[0019] In the processing method of an optical element, the 
optical element may be ?uorite. 

[0020] In order to solve the problem described above, a 
processing method of an optical element according to 
another aspect of the present invention comprises using a 
processing tool having a processing area Which is small 
relative to a processed area of a surface of the optical 
element, and supplying liquids functionally different from 
each other to a region to be processed by the processing tool 
and a region other than the region to be processed, respec 
tively. 
[0021] In accordance With another aspect of the present 
invention, a processing method of an optical element corn 
prises supplying a liquid having a polishing function to a 
processed surface of the optical element and a liquid having 
a dry-protecting function to a region other than the pro 
cessed surface of the optical element. 

[0022] In accordance With another aspect of the present 
invention, a processing method of an optical element corn 
prises supplying liquid having a dry-protecting function to a 
region other than a processed surface of the optical element. 

[0023] In accordance With another aspect of the present 
invention, a processing method of an optical element by 
polishing, the method comprises keeping a region other than 
a processed surface of the optical element in a non-dry state 
during processing. 
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[0024] In accordance With another aspect of the present 
invention, a processing method of an optical element by 
polishing, the method comprises keeping a region other than 
a region processed by a tool of the optical element Wet 
during processing. 
[0025] In accordance With another aspect of the present 
invention, a processing method of an optically functional 
surface of ?uorite comprises keeping a region other than a 
region processed by a tool for processing the optically 
functional surface of the ?uorite in a non-dry state during 
processing. 
[0026] In accordance With another aspect of the present 
invention, a processing method of an optically functional 
surface of ?uorite comprises supplying a liquid for dry 
protecting to a region other than a processed region on the 
optically functional surface during the processing the opti 
cally functional surface. 

[0027] In accordance With another aspect of the present 
invention, a processing apparatus for polishing an optical 
element comprises a plurality of supplying means for sup 
plying processing liquid to a surface to be processed of the 
optical element. 

[0028] In the processing apparatus for polishing an optical 
element, the kind of the processing liquid supplied by the 
supplying means for supplying processing liquid may differ 
according to the region on the processed surface to Which the 
processing liquid is applied. 

[0029] The processing apparatus for polishing an optical 
element may further comprise dividing means for dividing 
the processing liquid. 

[0030] In accordance With another aspect of the present 
invention, a processing apparatus for polishing an optical 
element comprises ?rst processing-liquid-supplying means 
for supplying processing liquid to a region to be processed 
of the optical element, dividing means for dividing a region 
other than a region processed by the tool on the surface of 
the optical element, and second processing-liquid-supplying 
means for supplying processing liquid to a region other than 
the processed region. 

[0031] In the processing apparatus for polishing an optical 
element, the optical element may be ?uorite. 

[0032] In accordance With another aspect of the present 
invention, an apparatus for processing a surface of an optical 
element comprises supplying means for supplying a plural 
ity of processing liquids functionally different from each 
other to the surface to be processed of the optical element 
and mixture preventing means for preventing the plurality of 
processing liquids from miXing. 

[0033] In the processing apparatus processing a surface of 
an optical element, the mixture preventing means may be 
compressed air. 

[0034] In accordance With another aspect of the present 
invention, an apparatus for processing a surface of an optical 
element comprises means for supplying processing liquids 
functionally different from each other to the surface to be 
processed of the optical element and for independently 
recovering the processing liquids. 

[0035] In the processing apparatus processing a surface of 
an optical element, the optical element may be ?uorite. 
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[0036] In accordance With another aspect of the present 
invention, a ?uoride lens prepared by a process comprises 
supplying a ?rst processing liquid to a portion to be pro 
cessed by a processing tool and supplying a second pro 
cessing liquid to a region other than the portion to be 
processed by the processing tool during processing of an 
optical surface of the lens. 

[0037] As described above, according to the present 
invention, processing liquid supplied to a processing region 
of an object to be processed and processing liquid supplied 
to a non-processing region are functionally divided so that a 
bad in?uence on the non-processing region is eliminated to 
thereby obtain a processing method and a processing appa 
ratus With a high degree of ef?ciency. 

[0038] Further objects, features and advantages of the 
present invention Will become apparent from the folloWing 
description of the preferred embodiments With reference to 
the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a schematic representation of a structure 
of the present invention. 

[0040] FIG. 2 is a schematic representation of a second 
embodiment according to the present invention. 

[0041] FIG. 3 is a schematic representation of a third 
embodiment according to the present invention. 

[0042] FIG. 4 is a schematic representation of a fourth 
embodiment according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] First Embodiment 

[0044] Description of the Structure of a Processing Appa 
ratus 

[0045] FIG. 1 shoWs an essential structure of a processing 
apparatus according to the present invention. 

[0046] In the draWing, an X-Y table 2 places a lens 4 
thereon, Which is an object to be processed, for moving the 
lens 4 in the X- and Y-aXial directions along the horiZontal 
surface of a base 1 of the processing apparatus. 

[0047] A processing-liquid-receiving tank 6 accommo 
dates the table 2 and processing liquid. 

[0048] A supporting member 8 attached to the base 1 
supports a processing tool 10. 

[0049] The processing tool 10 comes into contact on a 
surface to be processed 4A of the lens 4 for removing-Work 
of the surface to be processed 4A by grinding or polishing. 
The processing tool 10 is made of pitch manufactured from 
asphalt as a raW material. 

[0050] The processing tool 10 held by a tool holding 
member 12A is tilted and rotated by pressuriZing means and 
rotating means (both not shoWn), respectively. 

[0051] A cylindrical tubular member 14 locates the pro 
cessing tool 10 in the center thereof and has a function of 
separating means for separating a ?rst processing liquid and 
a second processing liquid. 
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[0052] The tubular member 14 is made of an anti-corro 
sion material such as a resin and metal having an elastic 
member such as sponge and felt bonded at the end thereof 
and is attached to the holding member 12A via a spring 
member 18. 

[0053] The tubular member 14 is con?gured so as to 
lightly urge in contact With a surface to be processed due to 
a spring force of the spring member 18. 

[0054] The tubular member 14 locates the processing tool 
10 in the center of the tube and separates a processing region 
and a non-processing region so that the processing region is 
inside the tube and the non-processing region is outside the 
tube and spaced from the center of the processing tool 10 by 
the radius of the tubular member 14. 

[0055] A contact portion 14A to the surface of the lens 4 
at the end of the tubular member 14 has a resin such as 
Te?on, a nonWoven cloth, and an elastic member such as 
polyurethane attached thereto so as to eliminate the effect on 
the lens due to the contact pressure. 

[0056] The ?rst processing liquid is supplied on a surface 
to be processed of the lens 4 Within the tubular member 14 
from a ?rst processing-liquid tank 22 via a pump 24, 
supplying member 26, and a ?rst processing-liquid-supply 
pipe 20. 

[0057] The ?rst grinding/polishing liquid including dia 
mond abrasive grains is supplied into the ?rst processing 
liquid tank 22. 

[0058] Asupply noZZle 28A of a second processing-liquid 
supply pipe 28 is located in the outer periphery of the tubular 
member 14, and the liquid from the second processing 
liquid-supply pipe 28 is supplied to the non-processing 
region of the lens 4. 

[0059] The second processing liquid is supplied to the 
second processing-liquid-supply pipe 28 from a second 
processing-liquid tank (not shoWn). 

[0060] A processing-liquid-recovery-pipe member 30 is 
connected to a discharge outlet of the processing-liquid 
receiving tank 6 so as to send the processing liquid to a 
recovery tank 32. 

[0061] Description of a Processing Method 

[0062] Apolishing liquid including diamond poWder con 
trolled to have a predetermined particle siZe is prepared in 
the ?rst processing-liquid tank 22 as the ?rst processing 
liquid to have a constant consistency by agitating means 
built in the tank 22. 

[0063] The lens 4 to be processed is placed on the X-Y 
table 2 so as to prepare the processing. 

[0064] Dry-preventing liquid for preventing the non-pro 
cessing region of the lens surface from being dried is 
prepared in a second processing-liquid tank (not shoWn). 

[0065] The dry-preventing liquid uses the same kind of the 
liquid (Water) as the ?rst processing liquid Without the 
diamond abrasive grains. 

[0066] When the lens to be processed is ?uoride and the 
liquid including the diamond abrasive grains just like the 
?rst processing liquid is used, the diamond abrasive grains 
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react With the surface ingredient of the ?uoride so as to form 
a reaction product on the surface of the non-processing 
region of the ?uoride. 

[0067] When the surface of the ?uoride is dried, a reaction 
called as “tarnish” is produced on the surface. 

[0068] In the embodiment, the consistency of the diamond 
abrasive grains in the ?rst processing liquid is adjusted to be 
approximately 0.5% by Weight. 

[0069] Polishing Conditions in the Embodiment 

[0070] Lens Diameter SiZe: 200 mm 

[0071] Lens Shape: non-spherical lens (lens for eXpos 
ing a substrate for a semi-conductor) 

[0072] 
l'Ill'Il 

Inner Diameter of the Tubular Member 14: 80 

[0073] Supplying Rate of the First Processing Liquid: 
10 cc/min 

[0074] Supplying Rate of the Second Processing Liq 
uid: 400 cc/min 

[0075] Processing Tool SiZe: 20 mm 

[0076] Rotation Speed of the Processing Tool: 100 rpm 

[0077] The processing tool 10 is brought into contact on 
the surface to be processed 4A of the lens 4; the ?rst 
processing liquid is supplied Within the tubular member 14 
at the supplying rate mentioned above; furthermore, the 
second processing liquid is supplied to the non-processing 
region of the lens 4 via the second processing-liquid-supply 
pipe 28, Whereby the processing is performed While rotating 
the processing tool 10 and feeding the table 2. 

[0078] In the processing region Within the tubular member 
14, the removing process of the lens surface by the diamond 
abrasive grains included in the ?rst processing liquid is 
performed While the second processing liquid for keeping 
Wet is supplied in the non-processing region outside the 
tubular member 14 so that the reaction described above in 
the non-processing region is suppressed. 

[0079] By the feed operation of the X-Y table 2, the 
processing region and the non-processing region on the lens 
surface are changed; hoWever, because the tubular member 
14 is also moved by folloWing the table 2, the processing 
region and the non-processing region alWays keep up With 
the table 2. 

[0080] Water is adopted as an eXample of the processing 
liquid; hoWever, When the lens material to be processed is a 
crystalline glass material such as ?uorite, any liquid other 
than Water may be used as far as it has a loW viscosity, 
high-dispersibility of the diamond abrasive grains, non 
reactivity, and non-volatility. 

[0081] For eXample, it may be silicone oil, mineral oil, or 
ethylene glycol. 
[0082] Second Embodiment 

[0083] FIG. 2 shoWs an essential structure according to a 
second embodiment of the present invention. 

[0084] FIG. 2 shoWs separating means for separating the 
processing liquid into the ?rst processing liquid and the 
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second processing liquid on a surface of a lens to be 
processed as the second embodiment. 

[0085] Alens to be processed 40 is placed on the X-Y table 
2 shoWn in FIG. 1 and a holding member 44 is attached on 
the base 1. 

[0086] In the separating means for the processing liquid 
according to the embodiment, an air curtain utiliZing air 
pressure is formed around a processing tool 42, Whereby the 
miXing betWeen the ?rst processing liquid and the second 
processing liquid is protected. 

[0087] A holloW cylindrical member 46 attached to the 
holding member 44 is provided With numerous holes 46A 
and 46B for supplying compressed air formed at the center. 

[0088] A ?rst processing-liquid-supplying pipe 48 is for 
supplying processing liquid including abrasive grains. 

[0089] A second processing-liquid-supplying pipe 50 is 
for supplying dry-protecting liquid such as Water. 

[0090] In the structure according to the embodiment con 
?gured as above, the lens to be processed 40 is attached on 
the table 2; the processing tool 42 is urged in contact on a 
surface to be processed; compressed air at a predetermined 
pressure is supplied by compressed-air-supplying means 52 
toWard the lens surface via the supplying holes 46A and 46B 
While the ?rst processing liquid and second processing 
liquid are supplied, respectively; and the polishing process 
is performed. 

[0091] The supplying holes 46A are equally spaced in the 
circumferential direction around the processing tool 42, and 
the compressed air from the supplying holes 46A strikes on 
the lens surface so as to form an air curtain 54 for preventing 
the ?rst processing liquid from dispersing from the vicinity 
of the tool 42 and for preventing the second processing 
liquid from moving toWard the tool 42. 

[0092] In the embodiment, When the conditions such as a 
lens shape, a supplying rate of processing liquid, and a 
processing tool are the same as those of the ?rst embodi 
ment, the compressed air pressure is 0.2 Kg/cm2. 

[0093] Third Embodiment 

[0094] FIG. 3 shoWs a third embodiment, and in the 
embodiment, sucking means for sucking liquid is provided 
at the position in Which the ?rst processing liquid and second 
processing liquid are to be miXed With each other so as to 
prevent the ?rst processing liquid and second processing 
liquid from being miXed, so that diamond abrasive grains 
included in the ?rst processing liquid is prevented from 
entering into the non-processing region. 

[0095] As shoWn in FIG. 3, a cylindrical member 62 is 
arranged around a processing tool 60, and the cylindrical 
member 62 is provided With sucking holes 62A and 62B 
equally spaced for sucking processing liquid on the surface 
of a lens to be processed 64. 

[0096] The sucking holes 62A and 62B are connected to 
sucking means 68. 

[0097] To the processing region inside the cylindrical 
member 62, processing liquid is supplied via a ?rst process 
ing-liquid-supplying pipe 66, and to the non-processing 
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region outside the cylindrical member 62, dry-protecting 
liquid is supplied via a second processing-liquid-supplying 
pipe 70. 

[0098] Fourth Embodiment 

[0099] FIG. 4 shoWs a fourth embodiment, and in the 
embodiment, a processing tool 80 is provided With a central 
hole 80A Which is connected to a through-hole of a tool 
supporting shaft 82, so that abrasive grains are supplied to 
the processing tool 80 from the upper end of the through 
hole. 

[0100] A cylindrical member 84 arranged around the pro 
cessing tool 80 is provided With plural processing-liquid 
supplying holes 84A formed therein. 

[0101] The liquid supplied to the processing-liquid-sup 
plying holes 84A is Water. 

[0102] A second processing-liquid-supplying pipe 86 is 
arranged outside the cylindrical member 84 for dry-protec 
tion. 

[0103] In the embodiment, the liquid supplied from the 
holes 84A and the liquid supplied from the processing 
liquid-supplying pipe 86 are the same kind of Water. 

[0104] The Water supplied from the holes 84A is miXed 
With the diamond abrasive grains supplied from the hole 
80A at the center of the processing tool 80 so as to form the 
processing liquid for polishing While the Water supplied 
from the supplying pipe 86 to the outside of the cylindrical 
member 84 covers the non-processing region of the lens to 
perform the dry-protection. 

[0105] While the present invention has been described 
With reference to What are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. The scope of the 
folloWing claims is to be accorded the broadest interpreta 
tion so as to encompass all such modi?cations and equiva 
lent structures and functions. 

What is claimed is: 
1. A polishing method comprising: 

supplying liquids functionally different from each other to 
a processing region Which is processed With a tool and 
a non-processing region, respectively. 

2. Apolishing method of a surface to be processed of an 
object, the method comprising: 

dividing the surface to be processed into a region to be 
processed by a processing tool and a region other than 
the region to be processed; and 

supplying different processing liquids according to the 
divided region. 

3. A polishing method comprising: 

separately supplying a processing liquid Which includes 
polishing abrasive grains to a region to be processed by 
a processing tool of an object and a processing liquid 
Without the polishing abrasive grains to a region other 
than the region to be processed. 
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4. Aprocessing method of an optical element comprising: 

supplying liquids functionally different from each other to 
a region to be processed by a tool of the optical element 
and a region other than the region to be processed, 
respectively. 

5. A method according to claim 4, Wherein the optical 
element is ?uorite. 

6. Aprocessing method of an optical element comprising: 

using a processing tool having a processing area Which is 
small relative to a processed area of a surface of the 
optical element; and 

supplying liquids functionally different from each other to 
a region to be processed by the processing tool and a 
region other than the region to be processed, respec 
tively. 

7. Aprocessing method of an optical element comprising: 

supplying a liquid having a polishing function to a pro 
cessed surface of the optical element and a liquid 
having a dry-protecting function to a region other than 
the processed surface of the optical element. 

8. Aprocessing method of an optical element comprising: 

supplying a liquid having a dry-protecting function to a 
region other than a processed surface of the optical 
element. 

9. A processing method of an optical element by polish 
ing, the method comprising: 

keeping a region other than a processed surface of the 
optical element in a non-dry state during processing. 

10. A processing method of an optical element by pol 
ishing, the method comprising: 

keeping a region other than a region processed by a tool 
of the optical element Wet during processing. 

11. Aprocessing method of an optically functional surface 
of ?uorite comprising: 

keeping a region other than a region processed by a tool 
for processing the optically functional surface of the 
?uorite in a non-dry state during processing. 

12. Aprocessing method of an optically functional surface 
of ?uorite comprising: 

supplying a liquid for dry-protecting to a region other than 
a processed region on the optically functional surface 
during processing the optically functional surface. 

13. A processing apparatus for polishing an optical ele 
ment comprising: 

a plurality of supplying means for supplying processing 
liquid to a surface to be processed of the optical 
element. 
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14. An apparatus according to claim 13, Wherein the kind 
of the processing liquid supplied by the supplying means for 
supplying processing liquid differs according to the region 
on the processed surface to Which the processing liquid is 
applied. 

15. An apparatus according to claim 14, further compris 
ing dividing means for dividing the processing liquid. 

16. A processing apparatus for polishing an optical ele 
ment comprising: 

?rst processing-liquid-supplying means for supplying 
processing liquid to a region to be processed of the 
optical element; 

dividing means for dividing a region other than a region 
processed by the tool on the surface of the optical 
element; and 

second processing-liquid-supplying means for supplying 
processing liquid to a region other than the processed 
region. 

17. An apparatus according to any one of claims 13 to 16, 
Wherein the optical element is ?uorite. 

18. An apparatus for processing a surface of an optical 
element comprising: 

supplying means for supplying a plurality of processing 
liquids functionally different from each other to the 
surface to be processed of the optical element; and 

mixture preventing means for preventing the plurality of 
processing liquids from miXing. 

19. An apparatus according to claim 18, Wherein the 
mixture preventing means is compressed air. 

20. An apparatus for processing a surface of an optical 
element comprising: 

means for supplying processing liquids functionally dif 
ferent from each other to the surface to be processed of 
the optical element and for independently recovering 
the processing liquids. 

21. An apparatus according to any one of claims 18 to 20, 
Wherein the optical element is ?uorite. 

22. A ?uoride lens prepared by a process comprising: 

supplying a ?rst processing liquid to a portion to be 
processed by a processing tool and supplying a second 
processing liquid to a region other than the portion to 
be processed by the processing tool during processing 
of an optical surface of the lens. 


