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OPTICAL ELEMENT 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to a manufacturing 
method for an optical element such as a diffraction element, 
which is provided with minute grooves. 
0003 2. Description of Related Art 

1. Field of the Invention 

0004. A diffraction element which is used in an optical 
head device to record onto or reproduce from a CD, a CD-R 
or a DVD is provided with many fine or minute grooves 
formed at a prescribed pitch on the surface of a base member 
of an optical element. The minute grooves cannot be formed 
by a conventional working machine with a degree of work 
ing accuracy of 0.1 um. Therefore, the diffraction element is 
conventionally manufactured by using semiconductor pro 
CCSSCS. 

0005. However, the manufacturing costs are high when 
the semiconductor processes are used as the manufacturing 
method for the optical element. Further, in order to form the 
minute grooves having a protruded part and a recessed part 
by the semiconductor processes, a mask layer is formed by 
utilizing a photo lithography technique and etchings are 
performed on the base member through apertures of the 
mask layer. Using these techniques, Slant faces cannot be 
formed. Accordingly, in recent years, it has been considered 
to form the minute grooves on a diffraction element by using 
an ultra-precision working machine whose resolution power 
is 1 nm. 

0006. However, even though the ultra-precision working 
machine is used, when the groove is machined, a high degree 
of precision is not attained for the inclination of the bottom 
part of the recessed part or the upper part of the protruded 
part, which form the minute grooves. The degree of preci 
sion of the inclination is +1 at most. The low precision 
causes the variation of the height differences between right 
and left side faces of the groove. As a result, the diffracted 
beams with a first or more order, which are to be diffracted 
symmetrically, will not have equal diffracted efficiency 
unfavorably. For example, the diffracted efficiencies of a (+) 
first-order diffracted beam and a (-) first-order diffracted 
beam are not equal to each other. 
0007. In other words, in the conventional machine work 
ing, all errors, that is, an error caused by the machining 
precision of the working machine itself, an error caused by 
the configuration of a tool, a mounting error of the tool to the 
working machine, an error caused by the configuration of the 
base member to be machined, and a mounting error of the 
base member to the working machine, are Summed up and 
cause inclination errors of the bottom Surface of a recessed 
part or the upper surface of a protruded part which forms the 
groove. 

SUMMARY OF THE INVENTION 

0008. In view of the problems described above, it is an 
advantage of the present invention to provide a manufac 
turing method for an optical element, which can manufac 
ture the optical element provided with minute grooves 
having a high degree of precision of its configuration and 
dimension by using a mechanical processing at a low cost. 
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0009. In order to achieve the above advantage, according 
to the present invention, there is provided a manufacturing 
method for an optical element including providing a base 
member for an optical element and a cutting tool from which 
a blade tip part is protruded, forming an inspection groove 
on the surface of the base member by the blade tip part of 
the cutting tool by means of relatively moving the cutting 
tool and the base member while the cutting tool is rotated 
(inspection groove forming step), and inspecting the incli 
nation of a cut Surface of the inspection groove formed by 
the cutting tool (inspection step). The method also includes 
correcting the angle defined by the base member and the 
blade tip part of the cutting tool on the basis of the inspection 
result (correction step), and forming formal grooves on the 
surface of the base member formed with the inspection 
groove by the blade tip part of the cutting tool by means of 
relatively moving the cutting tool and the base member at 
the same time that the inspection groove is cut out (finishing 
step). 

0010. In accordance with an embodiment of the present 
invention, an inspection groove or inspection grooves are 
formed in advance (inspection groove forming step) on the 
surface of the base member by the cutting tool. Then, the 
inclination or the inclinations of the cut surfaces of the 
inspection grooves, which is constituted, for example, of a 
recessed part and a protruded part, is inspected (inspection 
step). After that, on the basis of the inspection result, the 
angle defined by the base member and the cutting tool is 
corrected, in other words, the angle defined by the reference 
surface of the base member and the lower end part (edge 
line) of the blade tip part of the cutting tool is corrected 
(correction step). Then, final and formal prescribed minute 
grooves are formed on the surface of the base member 
provided with the inspection grooves by the same cutting 
tool while cutting out the portion including the inspection 
grooves (finishing step). 

0011. Therefore, the error caused by the configuration of 
the cutting tool, the mounting error of the cutting tool to the 
working machine, the error caused by the configuration of 
the base member, and the mounting error of the base 
member to the working machine do not affect the inclina 
tions of the bottom surface of the recessed part and the upper 
surface of the protruded part which form the final and formal 
prescribed grooves. Consequently, according to the embodi 
ment of the present invention, the optical element provided 
with the grooves having a high degree of precision relating 
to the configuration and the dimension can be formed by the 
mechanical processing at a low cost. 
0012. In accordance with an embodiment of the present 
invention, the width dimension D of the blade tip part is 
preferably slightly wider than half (%) of the pitch (W1+ 
W2) of the formal groove, wherein one interval (W1+W2) 
of the recessed part having a width dimension W1 and the 
protruded part having a width dimension W2 is one pitch of 
the formal groove. In the case that the width dimension D of 
the blade tip part is formed narrower than the half (%) of the 
pitch (W1+W2) of the groove, at least one of the recessed 
part and the protruded part is required to perform cutting two 
times or a plurality of times. However, when the width 
dimension D of the blade tip part is slightly wider than the 
half (%) of the pitch (W1+W2) of the groove, both the 
recessed part and the protruded part can be formed by 
executing the cutting only once. 
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0013 Preferably, in accordance with an embodiment of 
the present invention, the width dimension D of the blade tip 
part of the cutting tool is set to be equal to the width 
dimension W1 of the recessed part and slightly wider than 
the width dimension W2 of the protruded part. In this case, 
when the cutting tool is shifted by half ((W1+W2)/2) of the 
pitch (W1+W2) of the groove in the widthwise direction of 
the groove and the recessed and protruded parts are 
machined, the blade tip part of the cutting tool cuts the 
protruded part so as to cover the edge portion of the recessed 
part and the protruded part. Thus, the edge portions formed 
between the recessed part and the protruded part can be 
formed properly and the protruded part is also formed by 
machining only one time with a high degree of precision. 
The processes that the cutting tool is shifted by half ((W1+ 
W2)/2) of the pitch (W1+W2) of the groove in the widthwise 
direction of the groove and then the recessed part or the 
protruded part is machined are repeated to form the formal 
grooves constituted of the recessed part and the protruded 
part alternately. 

0014. In accordance with an embodiment of the present 
invention, the angles (corner angle), which are defined by 
the edge line extended along the widthwise direction at the 
lower end edge of the blade tip part and the side faces of the 
blade tip part, may be substantially equal to each other and 
may be set between 90°(included) and 120°(included). 

00.15 Preferably, in accordance with an embodiment of 
the present invention, the angle that is defined by the base 
member and the edge line of the blade tip part of the cutting 
tool is corrected to be 0+0.02° or less with respect to a 
prescribed designed angle for the groove in the correction 
step. According to the optical element manufactured by the 
method described above, the precision of the configuration 
and the dimension of the groove can be enhanced to be high, 
and thus the deviation of the balance of the diffracted light 
beams with a first or more order can be suppressed within 
+3%. For example, the deviation of the balance of the (+) 
first-order diffracted light beam and the (-) first-order dif 
fracted light beam can be suppressed within +3%. 

0016. In order to achieve the above advantage, according 
to another present invention, there is provided a manufac 
turing method for an optical element including providing a 
base member for a molding die for an optical element and a 
cutting tool from which a blade tip part is protruded, forming 
an inspection groove on the Surface of the base member by 
the blade tip part of the cutting tool by means of relatively 
moving the cutting tool and the base member while the 
cutting tool is rotated (inspection groove forming step), and 
inspecting the inclination of a cut Surface of the inspection 
groove formed by the cutting tool (inspection step). The 
method also includes correcting the angle defined by the 
base member and the blade tip part of the cutting tool on the 
basis of the inspection result (correction step), forming 
formal grooves on the surface of the base member of the 
molding die formed with the inspection groove by the 
cutting tool by means of relatively moving the cutting tool 
and the base member at the same time that the inspection 
groove is cut out (finishing step), and manufacturing an 
optical element by using the molding die with the formal 
grooves (optical element manufacturing process). 

0017. In accordance with an embodiment of the present 
invention, an inspection groove or inspection grooves are 
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formed in advance (inspection groove forming step) on the 
surface of the base member, which constitutes the molding 
die for the optical element, by using the cutting tool simi 
larly. Then, the inclination or the inclinations of the cut 
Surfaces of the inspection grooves, which is constituted, for 
example, of a recessed part and a protruded part, is inspected 
(inspection step). On the basis of the inspection result, the 
angle defined by the base member and the axial line of the 
cutting tool is corrected (correction step). After that, final 
and formal prescribed grooves are formed on the surface of 
the base member by using the cutting tool at the same time 
that the inspection groove is cut out (finishing step). Then, 
the optical element is manufactured by using the molding 
die with the formal grooves manufactured as described 
above. 

0018. Therefore, the error caused by the configuration of 
the cutting tool, the mounting error of the cutting tool to the 
working machine, the error caused by the configuration of 
the base member for the molding die, and the mounting error 
of the base member to the working machine do not affect the 
inclinations of the surfaces which form the formal pre 
scribed groove. Consequently, according to the embodiment 
of the present invention, the molding die provided with the 
grooves with a high degree of precision regarding to the 
configuration and the dimension can be formed by the 
mechanical processing at a low cost, and therefore the 
optical element can be molded by the molding die and 
manufactured with a high degree of precision. 

0019. In accordance with an embodiment of the present 
invention, the width dimension D of the blade tip part is 
preferably slightly wider than half (%) of the pitch (W1+ 
W2) of the formal groove similarly as described above. 

0020. In accordance with an embodiment of the present 
invention, the angles (corner angle), which are defined by 
the edge line extended along the widthwise direction at the 
lower end edge of the blade tip part and the side faces of the 
blade tip part, may be substantially equal to each other and 
may be set between 90° (included) and 120° (included). 
According to the cutting tool formed as described above, the 
groove on the molding die is formed in Such a manner that 
the area at the opening part of the recessed part of the groove 
is formed larger than the bottom part of the recessed part and 
thus molded products are Smoothly disengaged from the 
molding die and high productivity can be achieved. 

0021 Preferably, in accordance with an embodiment of 
the present invention, the angle that is defined by the base 
member and the edge line of the blade tip part of the cutting 
tool is corrected to be 0+0.02° or less with respect to a 
prescribed designed angle for the groove in the correction 
step. According to the optical element manufactured by the 
method described above, the deviation of the balance of the 
diffracted light beams with a first or more order can be 
suppressed, for example, within +3%. 

0022. Other features and advantages of the invention will 
be apparent from the following detailed description, taken in 
conjunction with the accompanying drawings that illustrate, 
by way of example, various features of embodiments of the 
invention. 
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BRIEF DESCRIPTION OF DRAWINGS 

0023 FIG. 1 is an explanatory perspective view showing 
a groove configuration of a diffraction element as an optical 
element according to an embodiment of the present inven 
tion. 

0024 FIG. 2(A) is an explanatory perspective view of a 
fine working machine used for manufacturing the diffraction 
element shown in FIG. 1. FIG. 2(B) is a front view of the 
blade tip part of a cutting tool and FIG. 2(C) is a side view 
of the blade tip part of the cutting tool. 
0.025 FIG. 3 is an explanatory perspective view showing 
an inspection groove forming step of the manufacturing 
steps for the optical element according to the embodiment of 
the present invention. 
0026 FIG. 4 is an explanatory perspective view showing 
a correction step of the manufacturing steps for the optical 
element according to the embodiment of the present inven 
tion. 

0027 FIG. 5 is an explanatory perspective view showing 
a finishing step of the manufacturing steps for the optical 
element according to the embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0028. A manufacturing method for an optical element 
Such as a diffraction element in accordance with an embodi 
ment of the present invention will be described in detail 
below with reference to the accompanying drawings. 

First Embodiment 

0029 FIG. 1 is an explanatory perspective view showing 
a groove configuration of a diffraction element as an optical 
element according to an embodiment of the present inven 
tion. FIG. 2(A) is an explanatory perspective view of a fine 
working machine used for manufacturing the diffraction 
element shown in FIG. 1. FIGS. 2(B) and 2CC) are a front 
view and a side view of the blade tip part of a cutting tool. 
FIG. 3 is a perspective view showing an inspection groove 
forming step, FIG. 4 is a perspective view showing a 
correction step and FIG. 5 is a perspective view showing a 
finishing step of the manufacturing steps for the optical 
element. 

0030. In an optical head device for recording onto or 
reproducing from a CD, a CD-R, or a DVD, a diffraction 
element 10 is used on which a row of grooves 20 are formed 
on the surface of a base member 11 for an optical element 
with the pitch almost the same as the wavelength of a light 
beam as shown in FIG. 1. 

0031. A fine working machine 1 used in this embodiment 
to form the diffraction element 10 is provided with a spindle 
4 mounted on a spindle base 2 and a stage 5 on which the 
base member 11 is placed as shown in FIG. 2(A). A cutting 
tool 3 is provided with a round bar-shaped shank 310 of the 
spindle 4. A blade tip part 300 of the cutting tool 3 is 
protruded so as to be perpendicular to the axial line L of the 
cutting tool 3, i.e., of the shank 310 of the cutting tool 3 
toward the outside of the shank 310. 

0032. The spindle base 2 is constituted in such a manner 
that the angle of the spindle base 2 is adjustable in a direction 
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as shown by the arrow 0. Therefore, by adjusting the angle 
of the spindle base 2 in the direction shown by the arrow 0, 
the inclination of the rotational axis line L of the cutting tool 
3, i.e., the inclination of the edge line along the widthwise 
direction of the blade tip part 300 can be adjusted. 
0033 Alternatively, instead of constituting the spindle 
base 2 Such that it is capable of being angularly adjusted in 
the direction shown by the arrow 0, the spindle 4 may be 
mounted on the spindle base 2 or the shank 310 may be 
mounted to the spindle 4 so as to be angularly adjusted in the 
same direction as shown by the arrow 0. Also, instead of 
adjusting the spindle base 2, the stage 5 for positioning the 
base member 11 for the optical element may be angularly 
adjusted in the same direction as shown by the arrow 0. 
0034. The stage 5 includes an X-direction slide block 51 
for sliding the base member 11 in the direction as shown by 
the arrow X and a Y-direction slide block 52 for sliding the 
X-direction slide block 51 in the direction as shown by the 
arrow Y. Therefore, the base member 11 is movable in both 
the X-direction and the Y-direction. 

0035) The blade tip part 300 of the cutting tool 3 is 
provided with a cutting part made of a single crystal dia 
mond and having a flat edge line 301 at the lower end part 
as shown in FIGS. 2(B) and 2CC). The width dimension D 
of the cutting part is set to be equal to the width dimension 
W1 of the recessed part 21 and slightly wider than the width 
dimension W2 of the protruded part 22, which form the 
grooves of the diffracting element 10 as shown in FIG. 1. 
Therefore, the width dimension W2 of the protruded part 22 
is set to be slightly narrower than the width dimension W1 
of the recessed part 21. In other words, the relationship 
between the width of the recessed part 21 and the width of 
the protruded part 22 is determined with the reference to the 
pitch of the groove (width dimension W1 of the recessed 
part 21)+(width dimension W2 of the protruded part 22)) as 
described above. Also, in the blade tip part 300 of the cutting 
tool 3, both corner angles C. which are formed by the edge 
line 301 and the side face 302 are respectively set to be 90°. 
0036) A manufacturing method for the diffraction ele 
ment 10 shown in FIG. 1 by using the above-mentioned fine 
working machine 1 will be described below. First, as shown 
in FIG. 3, an inspection groove forming step is performed. 
In the inspection groove forming step, the cutting tool 3 is 
relatively moved on the surface of the base member 11 along 
an extending direction of the groove (Y-direction) while the 
cutting tool 3 is rotated at a high speed around the axial line 
L shown by the alternate long and short dash line. Therefore, 
an inspection groove 30 is formed on the surface of the base 
member 11 by rotating the blade tip part of the cutting tool 
3 similarly as the case when the formal groove is formed. 
0037. The inspection groove 30 may be constituted with 
only one recessed part 31, but a plurality of inspection 
grooves 30 are preferably formed to obtain the average value 
of the inclinations of the plural recessed parts 31. Therefore, 
the recessed parts 31 can be formed as the inspection 
grooves 30 by means of relatively moving the cutting tool 3 
and the base member 11 in the Y-direction whenever the 
cutting tool 3 is relatively shifted by a prescribed dimension 
in the X-direction, for example, the width dimension W1 of 
the recessed part 31 or the width dimension W2 of the 
protruded part 32. 
0038. In the case that both the recessed part 31 and the 
protruded part 32 are constituted as the inspection groove 
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30, it is preferable to shift the cutting tool 3 relatively by half 
((W1+W2)/2) of the pitch in the X-direction where one 
interval (W1+W2) of the recessed part having the width 
dimension W1 and the protruded part having the width 
dimension W2 is one pitch of the groove 30. Therefore, after 
the recessed part 31 is formed, the cutting tool 3 is relatively 
shifted with respect to the base member 11 by half ((W1+ 
W2)/2) of the pitch in the X-direction and then the protruded 
part 32 is machined. Next, the cutting tool 3 is shifted again 
by half ((W1+W2)/2) of the pitch in the X-direction and the 
next recessed part 31 is machined. And then, the cutting tool 
3 is shifted again by half ((W1+W2)/2) of the pitch in the 
X-direction and the next protruded part 32 is machined. 
Further, these operations are successively repeated, and then 
the recessed part 31 and the protruded part 32 are formed as 
the inspection grooves 30. Alternatively, the inspection 
groove 30 formed of only one pair of the recessed part 31 
and the protruded part 32 may be applicable. 

0.039 Concretely, in order to form the inspection groove 
30, while the cutting tool 3 is rotated at a high speed around 
the rotational axis line L as shown by the arrow A, the 
cutting tool 3 is moved downward to a position which is 
determined such that the edge line 301 of the blade tip part 
300 is capable of forming the bottom surface of the recessed 
part 31. Then the cutting tool 3 is relatively moved with 
respect to the base member 11 in the Y-direction to form the 
recessed part 31 of the inspection groove 30. Afterwards, the 
cutting tool 3 is relatively shifted to the base member 11 by 
half ((W1+W2)/2) of the pitch in the X-direction. After that, 
the cutting tool 3 cuts the upper face to form the protruded 
part 32 of the inspection groove 30 by positioning the edge 
line 301 of the blade tip part 300 of the cutting tool 3 a little 
lower than the surface of the base member 11. 

0040. Next, an inspection step is performed. In the 
inspection step, as shown in FIG. 4, the inclination of the 
bottom face 311 of the recessed part 31 and/or the inclination 
of the upper face 321 of the protruded part 32 which 
constitutes the inspection groove 30 are inspected. When the 
inspection groove 30 is formed of only one recessed part 31, 
only the inclination of the bottom face 311 of the recessed 
part 31 is inspected. In the case that the recessed part 31 and 
the protruded part 32 are alternately and repeatedly consti 
tuted as the inspection grooves 30, an average of the 
inclinations based on an appropriate combination may be 
preferably obtained. 

0041) Next, a correction step is performed. In the correc 
tion step, on the basis of the inspection results obtained as 
described above, the cutting tool 3 is adjusted and corrected 
as shown by the Solid line in Such a manner that the angle 
between the reference surface R of the base member 11 and 
the rotational axis line L of the cutting tool 3, that is, the 
angle between the reference surface R of the base member 
11 and the edge line 301 of the blade tip part 300 of the 
cutting tool 3, is set to be 0+0.02° or less with respect to the 
designed angle for the groove. 

0042. After that, a finishing step is successively per 
formed as shown in FIG. 5 under the state that the same base 
member 11 with the inspection grooves on its surface is held 
on the stage 5 after the inspection groove forming step, the 
inspection step and the correction step have been completed. 
In other words, in the finishing step, the cutting tool 3 is 
relatively moved on the surface of the base member 11, 
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which has been worked on both by the inspection groove 
forming step and the correction step, along the extending 
direction of the groove (Y-direction) and the width direction 
of the groove (X-direction) while the cutting tool 3 is rotated 
at a high speed around the axial line L. Therefore, the surface 
of the base member 11, on which the inspection grooves 30 
are already formed, is cut again by the blade tip part 300 of 
the cutting tool 3 and finally required formal grooves 20 are 
formed. 

0043. In other words, while the cutting tool 3 is rotated at 
a high speed around the axial line L, the cutting tool 3 is 
moved downward to a position where the edge line 301 of 
the blade tip part 300 is required to form the bottom face 211 
of the formal recessed part 21. Then the cutting tool 3 is 
relatively moved with respect to the base member 11 in the 
Y-direction to form the recessed part 21 of the final formal 
groove 20. After the formal recessed part 21 is formed, the 
cutting tool 3 is shifted relatively by half ((W1+W2)/2) of 
the pitch of the final formal groove 20 in the X-direction 
where one interval (W1+W2) of the recessed part having the 
width dimension W1 and the protruded part having the width 
dimension W2 is one pitch of the final formal groove 20, and 
then the protruded part 22 is machined by the cutting tool 3 
to form the upper face 221 of the base member 11. 

0044 As described above, the width dimension D of the 
blade tip part 300 of the cutting tool 3 is set to be equal to 
the width dimension W1 of the recessed part 21 and slightly 
wider than the width dimension W2 of the protruded part 22, 
which form the final formal grooves of the diffracting 
element 10 shown in FIG.1. Therefore, the width dimension 
W2 of the protruded part 22 is set to be slightly narrower 
than the width dimension W1 of the recessed part 21. As a 
result, when the cutting tool 3 is shifted by half ((W1+W2)/ 
2) of the pitch in the X-direction after the recessed part 21 
is formed and the protruded part 22 is machined, the blade 
tip part 300 of the cutting tool 3 cuts the protruded part 22 
So as to cover the boundary portion (edge) of the recessed 
part 21 and the protruded part 22. Thus, the boundary 
portion (edge) between the recessed part 21 and the pro 
truded part 22 can be formed properly and the protruded part 
22 can be formed by machining only once with a high degree 
of precision. 

0045 Next, the cutting tool 3 is shifted again by half 
((W1+W2)/2) of the pitch in the X-direction and the next 
recessed part 21 is machined. As described above, when the 
cutting tool 3 is shifted by half ((W1+W2)/2) of the pitch in 
the X-direction and the recessed part 21 is machined, the 
blade tip part 300 of the cutting tool 3 cuts the recessed part 
21 so as to include the portion where the cutting tool 3 has 
already cut as the protruded part 22. Therefore, the boundary 
portion (edge) between the protruded part 22 and the 
recessed part 21 can be also formed properly and the 
protruded part 22 is formed by machining only once with a 
high degree of precision. 

0046. In addition, after the recessed part 21 is formed, the 
cutting tool 3 is shifted again by half ((W1+W2)/2) of the 
pitch in the X-direction and the protruded part 22 is 
machined. These procedures are performed repeatedly to 
form the row of formal grooves 20 constituted of the 
recessed part 21 having the width dimension W1 and the 
protruded part 22 having the width dimension W2 alter 
nately. 
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0047 As a result, all the recessed parts 31 and the 
protruded parts 32 which constitute the inspection grooves 
30 are completely cut out from the surface of the base 
member 11, and a new row of formal grooves 20 are formed 
on the surface of the base member 11 as shown in FIG. 1. 
Then, the base member 11 is cut at a prescribed dimension 
and a desired diffraction element 10 is obtained. 

0.048. As described above, the row of the grooves 20 
formed on the surface of the diffraction element 10 are 
formed so as to have the width dimension W1 for the 
recessed part 21 and the width dimension W2 (W2CW1) for 
the protruded part 22 by the width dimension D of the 
cutting tool 3. Also, the corner angle “B” of the recessed part 
21 constituting the groove 20 is defined at an angle of 90° 
that is equal to the corner angle “C.” between the edge line 
301 and the side face 302 of the cutting tool 3. 
0049 According to the manufacturing method for the 
diffraction element 10 in this embodiment of the present 
invention, the inclination of the bottom face 311 of the 
recessed part 31 and the inclination of the upper face 321 of 
the protruded part 32, which form the inspection groove 30, 
are inspected and then, on the basis of the inspection results, 
the angle defined by the base member 11 and the edge line 
301 of the blade tip part 300 of the cutting tool 3 is corrected. 
After that, the grooves 20 are formed in such a manner that 
the surface including the inspection groove 30 of the base 
member 11 is cut again by the blade tip part 300 of the 
cutting tool 3. Therefore, the error due to the configuration 
of the cutting tool 3, the error due to attaching the cutting 
tool 3 to the working machine, the error due to the configu 
ration of the base member 11, and the error due to attaching 
the base member 11 to the working machine do not cause the 
errors relating to the inclination of the bottom face 211 of the 
recessed part 21 and the inclination of the upper face 221 of 
the protruded part 22. 

0050. Accordingly, the precisions of the inclination of the 
bottom face 211 of the recessed part 21 and the inclination 
of the upper face 221 of the protruded part 22 are extremely 
high Such as t0.02°. Consequently, according to the embodi 
ment of the present invention, the diffraction element 10 
provided with the grooves 20 having a high degree of 
precision relating to the configuration and the dimension can 
be formed by the mechanical processing at a low cost. 
Further, according to the diffraction element 10 manufac 
tured by the method of the embodiment of the present 
invention, the precision of the configuration and the dimen 
sion of the groove 20 is extremely high, and thus the 
deviation of the balance of the diffracted light beams with a 
first or more order, for example, the deviation of the balance 
of the (+) first-order diffracted light beam and the (-) 
first-order diffracted light beam, can be suppressed within 
+3%. Therefore, an excellent balance of the diffraction 
efficiency and the maximum transmitting efficiency are 
achieved. 

0051. According to the embodiment of the present inven 
tion described above, the row of the grooves 20 are formed 
by means of the cutting tool 3 having the width dimension 
D, which is equal to the width dimension W1 of the recessed 
part 21 and slightly wider than the width dimension W2 of 
the protruded part 22. In other words, the width dimension 
D of the blade tip part 300 is slightly wider than half (%) of 
the pitch (W1+W2) of the groove. Therefore, when the 
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protruded part 22 is formed, the cutting tool 3 is required to 
move in the X-direction only once. Consequently, according 
to the embodiment of the present invention, successive 
grooves 20 of the diffraction element 10 are efficiently 
formed. 

0.052 On the contrary, if the width dimension D of the 
blade tip part 300 is formed narrower than half (%) of the 
pitch (W1+W2) of the groove, at least one of the recessed 
part 21 and the protruded part 22 is required to cut the base 
member a plurality of times when a rectangular diffraction 
grating is formed. For example, the width dimension D of 
the cutting tool 3 is set to be smaller than both the width 
dimension W1 of the recessed part 21 and the width dimen 
sion W2 of the protruded part 22, the cutting tool 3 is 
required to shift a plurality of times in the X-direction to 
form both the protruded part 22 and the recessed part 21. 
Therefore, a cutting time becomes longer and the service life 
of the blade tip part is reduced. 
0053 According to the embodiment of the present inven 
tion described above, the angles (corner angle “C.”), which 
are defined by the edge line 301 extended along the width 
wise direction at the lower end edge of the blade tip part 300 
and the side faces 302 of the blade tip part 300, may be 
Substantially equal to each other and may be set within the 
range between 90° (included) and 120° (included). 

Second Embodiment 

0054 The above-mentioned first embodiment discloses 
the manufacturing method for the diffraction element 10 on 
which the fine grooves 20 are formed by performing the 
mechanical processing to the base member 11 for the optical 
element. However, the manufacturing method of the present 
invention may be applied to a second embodiment that the 
fine grooves are formed on a base member for a molding die 
which is used to produce the optical element. The recessed 
parts and the protruded parts of the fine grooves formed on 
the molding die are transferred to an optical material to 
produce the diffraction element 10. 
0055. A concrete manufacturing method in this second 
embodiment is similar to the first embodiment described 
above, and thus the detailed description is omitted. Accord 
ing to the second embodiment of the present invention, as 
similar to the first embodiment, in the inspection groove 
forming step, the cutting tool 3 is relatively moved on the 
Surface of the base member of the molding die along an 
extending direction of the groove (Y-direction) while the 
cutting tool 3 is rotated at a high speed around the axial line 
L to form inspection grooves on the Surface of the base 
member by the blade tip part of the cutting tool 3. The 
inspection grooves 30 are formed by relatively moving the 
cutting tool 3 and the base member in the Y-direction 
whenever the cutting tool 3 is shifted by a predetermined 
dimension in the X-direction. Then, an inspection step is 
performed and the inclination of the bottom face 311 of the 
recessed part 31 and the inclination of the upper face 321 of 
the protruded part 32 are inspected. After the inspection step, 
based on the inspection results, a correction step is per 
formed and the angle of the edge line 301 of the blade tip 
part 300 of the cutting tool 3 is adjusted to the reference 
surface “R” of the base member. Then, a finishing step is 
successively performed and the cutting tool 3 is relatively 
moved on the surface of the base member along the extend 
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ing direction of the groove (Y-direction) and the width 
direction of the groove (X-direction) while the cutting tool 
3 is rotated at a high speed around the axial line L. 
Therefore, the surface of the base member, on which the 
inspection grooves 30 are formed, is cut again by the blade 
tip part 300 of the cutting tool 3 and the final formal grooves 
are formed on the molding die. 
0056. According to the second embodiment of the present 
invention, the molding die for the diffraction element 10 
provided with the grooves 20 can be formed by the mechani 
cal processing at a low cost with a high degree of precision 
relating to the configuration and the dimension of the 
grooves. Therefore, an optical element such as the diffrac 
tion element 10 provided with the grooves 20 can be formed 
by using the molding die manufactured as described above. 
0057. In the second embodiment of the present invention, 
the angles (corner angle “C.”), which are defined by the edge 
line 301 of the blade tip part 300 and the side faces 302 of 
the blade tip part 300, may be substantially equal to each 
other and may be preferably set within the range between 
90° and 120°. According to the molding die described above, 
the area at an opening part of the recessed part of the groove 
is formed larger than the bottom part of the recessed part, 
and thus molded products are Smoothly disengaged from the 
molding die and high productivity can be achieved. 
0.058 Also in the second embodiment, it is preferable that 
the width dimension D of the blade tip part 300 is slightly 
wider than half (%) of the pitch (W1+W2) of the groove. In 
the case that the width dimension D of the blade tip part 300 
is slightly wider than half (%) of the pitch (W1+W2) of the 
groove, both the recessed part and the protruded part can be 
formed by moving the cutting tool 3 in the X-direction only 
OCC. 

0059. In the embodiment of the present invention 
described above, the deviation of the angle defined by the 
edge line 301 formed at the lower end of the blade tip part 
300 along the widthwise direction and the base member of 
the molding die is preferably set to be 0.02° or less with 
respect to the designed reference angle of the respective 
grooves. As a result, the deviation of the balance of the 
diffracted light beams can be suppressed, for example, to 
less than 3%. 

Other Embodiments 

0060. In the embodiments described above, the present 
invention is applied to the diffraction grating provided with 
a row of grooves 20 whose cross-section is in a rectangular 
shape or in a nearly rectangular shape. However, the present 
invention may be applied to manufacture a stair-like dif 
fraction grating Such as a binary blazed diffraction grating. 
Further, the manufacturing method according to the present 
invention may be applied to manufacture an optical element 
other than the diffraction grating which is provided with fine 
grooves on its Surface. 
0061. In the correction step according to the embodi 
ments of the present invention described above, the angle 
defined by the base member 11 and the edge line 301 of the 
blade tip part 300 of the cutting tool 3 is corrected so as to 
be within 0+0.02° with respect to the designed and prede 
termined angle of the grooves. Alternatively, when the 
desired shape of the groove is in a 'V' concaved shape, the 
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edge line 301 of the blade tip part 300 of the cutting tool 3 
is corrected so as to be within 0+0.02 with respect to the 
prescribed angle which is inclined to the horizontal line. In 
this case, a plurality of V-shaped grooves can be formed by 
the corner edge portion of the cutting tool 3. 
0062 Further, the present invention may be applied to 
manufacture a V-groove shaped grating by using a rotating 
cutting tool provided with a V-shaped blade tip part. The 
grooves having Such a configuration are difficult to be 
formed by semiconductor processes. However, according to 
the manufacturing method of the present invention, the 
V-shaped grooves are easily and precisely manufactured. In 
this case, the attitude of the cutting tool is preferably 
corrected such that both the inclinations of the right and left 
cutting Surfaces for forming the V-groove are equal to each 
other. Furthermore, the present invention may be applied to 
manufacture an optical lens provided with a diffraction 
grating. 

0063 As described above, according to the present 
invention, an inspection groove is formed in advance on the 
surface of the base member by the cutting tool by means of 
relatively moving the cutting tool and the base member. 
Then, the inclination of the cut surface of the inspection 
groove is inspected and, on the basis of the inspection result, 
the angle defined by the base member and the cutting tool is 
corrected. After that, formal prescribed grooves are formed 
on the Surface of the base member having the inspection 
groove by using the cutting tool at the same time that the 
inspection groove is cut out. Therefore, the error caused by 
the configuration of the cutting tool, the mounting error of 
the cutting tool to the working machine, the error caused by 
the configuration of the base member, and the mounting 
error of the base member to the working machine do not 
affect the inclinations of the faces which form the formal 
prescribed grooves. Consequently, according to the embodi 
ment of the present invention, the optical element provided 
with the grooves having a high degree of precision relating 
to the configuration and the dimension can be formed by the 
mechanical processing at a low cost. 
0064. While the description above refers to particular 
embodiments of the present invention, it will be understood 
that many modifications may be made without departing 
from the spirit thereof. The accompanying claims are 
intended to cover such modifications as would fall within the 
true scope and spirit of the present invention. 
0065. The presently disclosed embodiments are therefore 
to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims, rather than the foregoing description, and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

1-14. (canceled) 
15. An optical element comprising: 

a base member, 

an inspection groove formed on a surface of the base 
member by a blade tip part of a cutting tool by 
relatively moving the cutting tool and the base member 
while the cutting tool is rotated, the inspected groove 
has an inspected inclination of a cut Surface formed by 
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the cutting tool and a corrected angle defined by the 
base member and the blade tip part; and 

formal grooves formed on the surface of the base member 
having the inspection groove by the blade tip part of the 
cutting tool by relatively moving the cutting tool and 
the base member while the cutting tool is rotated 
simultaneously with the inspection groove being cut 
Out. 

16. The optical element according to claim 15, wherein 
the inspection groove includes a recessed part and a pro 
truded part formed by the cutting tool and the inspection 
groove is simultaneously cut out when the formal grooves 
are formed. 

17. The optical element according to claim 16, wherein 
the cutting tool is mounted so as to adjust an inclination of 
a rotational axis line of the cutting tool Such that the angle 
defined by the base member and the blade tip part of the 
cutting tool is corrected by adjusting the inclination of the 
rotational axis line of the cutting tool. 

18. The optical element according to claim 15, wherein 
one interval (W1+W2) of the recessed part having a width 
dimension W1 and the protruded part having a width dimen 
sion W2 is one pitch of the formal grooves, and a width 
dimension D of the blade tip part is slightly wider than half 
(%) of a pitch (W1+W2) of the formal grooves. 

19. The optical element according to claim 18, wherein 
the width dimension D of the blade tip part is set to be equal 
to the width dimension W1 of the recessed part and slightly 
wider than the width dimension W2 of the protruded part, 
and the cutting tool is repeatedly shifted by half ((W1+W2)/ 
2) of the pitch in a widthwise direction of the inspection 
groove to form the formal grooves constituted of the 
recessed part having the width dimension W1 and the 
protruded part having the width dimension W2 alternately. 

20. The optical element according to claim 15, wherein 
angles which are defined by an edge line extended along a 
widthwise direction at a lower end edge of the blade tip part 
and side faces of the blade tip part, are substantially equal to 
each other and set between 90° and 120°. 

21. An optical element formed by a method comprising: 
providing a base member for the optical element and a 

cutting tool from which a blade tip part protrudes: 
forming an inspecting groove on a Surface of the base 
member by the blade tip part of the cutting tool by 
relatively moving the cutting tool and the base member 
while the cutting tool is rotated: 

inspecting an inclination of a cut Surface of the inspection 
groove formed by the cutting tool to form an inspection 
result; 

correcting an angle defined by the base member and the 
blade tip part of the cutting tool based on the inspection 
result; and 

forming formal grooves on the Surface of the base mem 
ber having the inspection groove by the blade tip part 
of the cutting tool by relatively moving the cutting tool 
and the base member while the cutting tool is rotated 
simultaneously with the inspection groove being cut 
Out. 
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22. An optical element formed by a method comprising: 
providing a base member for a molding die for the optical 

element and a cutting tool from which a blade tip part 
protrudes: 

forming an inspecting groove on a surface of the base 
member by the blade tip part of the cutting tool by 
relatively moving the cutting tool and the base member 
while the cutting tool is rotated: 

inspecting an inclination of a cut Surface of the inspection 
groove formed by the cutting tool to form an inspection 
result; 

correcting an angle defined by the base member and the 
blade tip part of the cutting tool based on the inspection 
result; and 

forming formal grooves on the Surface of the base mem 
ber having the inspection groove by the blade tip part 
of the cutting tool by relatively moving the cutting tool 
and the base member while the cutting tool is rotated 
simultaneously with the inspection groove being cut 
out; and 

manufacturing the optical element formed in a recessed 
and-protruded shape using the molding die with the 
formal grooves. 

23. The optical element according to claim 22, wherein 
the inspection groove includes a recessed part and a pro 
truded part formed by the cutting tool and the inspection 
groove is simultaneously cut out when the formal grooves 
are formed. 

24. The optical element according to claim 23, wherein 
the cutting tool is mounted so as to adjust an inclination of 
a rotational axis line of the cutting tool Such that the angle 
defined by the base member and the blade tip part of the 
cutting tool is corrected by adjusting the inclination of the 
rotational axis line of the cutting tool. 

25. The optical element according to claim 22, wherein 
one interval (W1+W2) of the recessed part having a width 
dimension W1 and the protruded part having a width dimen 
sion W2 is one pitch of the formal grooves, and a width 
dimension D of the blade tip part is slightly wider than half 
(%) of a pitch (W1+W2) of the formal grooves. 

26. The optical element according to claim 25, wherein 
the width dimension D of the blade tip part is set to be equal 
to the width dimension W1 of the recessed part and slightly 
wider than the width dimension W2 of the protruded part, 
and the cutting tool is repeatedly shifted by half ((W1+W2)/ 
2) of the pitch in a widthwise direction of the inspection 
groove to form the formal grooves constituted of the 
recessed part having the width dimension W1 and the 
protruded part having the width dimension W2 alternately. 

27. The optical element according to claim 22, wherein 
angles which are defined by an edge line extended along a 
widthwise direction at a lower end edge of the blade tip part 
and side faces of the blade tip part, are substantially equal to 
each other and set between 90° and 120°. 


