
A NUMERICAL APERTURE CONTROLLING FILTER AND A  METHOD
FOR MANUFACTURING THE SAME BACKGROUND 1. Technical
Field [0000 The present invention relates to a
numerical aperture  controlling filter and a method
for manufacturing the numerical  aperture-controlling
filter, especially a numerical aperture  controlling
filter that is used for condensing a laser beam having
a.  different wavelength to an optical disk through a
single Ions in  optical pickup, wherein a light source
that emits two or more  wavelengths is used, and has a
diaphragm function for a different  incident light, as
well as a method for manufacturing such a numerical
aperture controlling filter.  2. Related Art [0002]
When the information recording or reproducing of
optical  disks such as CDs, DVDs, etc. is performed,
the technique of optical  pickup is employed. In
optical pickup, when a light source that  emits a
laser beam having two or more wavelengths is used, a
numerical aperture controlling filter having a
diaphragm function,  wherein laser beams of several
wavelengths can be handled with a  single lens, is
used. [0003] Figs. 4A and 4B are diagrams showing an
example use of a  known numerical aperture controlling
filter. Fig. 4A shows an  example configuration in the
case of condensing laser beams to an  optical disk..
Fig. 4B shows the configuration of a numerical
aperture controlling filter The example configuration
in Fig. 4A 



shows how laser beams having two wavelengths are
emitted from a  light source in optical pickup,
wherein, the laser beams are emitted  to the pit of an
optical disk 3 through a numerical aperture
controlling filter 1 and an objective lens 2. The
light source emits  two types of laser beams: one
having a wavelength Al and the other  having a
wavelength 12. A region A on the numerical aperture
controlling filter 1 allows the transmission of both
types of laser  beams having the wavelengths Al. and
A2. However, a region B on  the numerical aperture
controlling filter 1 only allows the  transmission of
the laser beam having the wavelength A2 and  reflects
the laser beam having the wavelength Al. Therefore,
the  laser beam having the wavelength Al is narrowed
into a predefined  range to enter the objective lens
2. [0004) On the other hand, in the recording surface
of the optical  disk 3, a first recording layer, from
which information is read by the  wavelength Al, and a
second recording layer, from which  information is
read by the wavelength A2, are provided in different
depths. The objective lens 2 condenses the laser beam
having the  wavelength Al to the first recording layer
and the laser beam  having the wavelength A2 to the
second recording layer. For  example, if the laser
beam having the wavelength Al enters the objective
lens 2 without being narrowed by the numerical
aperture  controlling filter 1, the laser beam is not
condensed to the first  recording layer due to the
aberration of the objective lens 2. In  order to solve
such a problem, the numerical aperture controlling
meter 1 is employed in optical pickup using a laser
beam having a  



different wavelength.. 2 [00061 The- numerical
aperture controlling filter 1 shown in Fig.  4B -is
configured by depositing a first optical thin film 5
in the  region A on a glass substrate 4 and a second
optical thin film. 6 in  the region B on the glass
substrate 4, The first optical thin film 5  and the
second optical thin film 6, which have different
thin-film  configurations, axe deposited by
alternately evaporating  high-refractive
materials'(TA205, Ti02, Nb205, etc) and
low-refractive materials (Si02, MgF2, etc.) [00061
Next, a method for manufacturing the known numerical
aperture controlling filter will be described. [00071
Fig'. 5 is a diagram showing the manufacturing steps
of the  known numerical aperture controlling filter.
First, in order to form  the first optical thin film 5
in the region A, a photoresist 7 is applied  all over
the glass substrate 4. Then, the photoresist 7 is
patterned  so as to leave the photoresist 7 only in
the region B (a step 1). Further, after depositing a
multilayer film by performing a first  evaporation
using a predefined thin-film material 8 (a step 2),
the  thin-film material 8, which is evaporated on the
photoresist 7, is  removed together with the
photoresist 7 (a step 3). Thus, the  formation of the
first optical thin film 5 in the region A is
completed. [00081 Further, in order to form the second
optical thin film 6 in  the region B,, the photoresist
7 is applied all over the glass substrate 4. Then, the
photoresist 7 is patternibd so as to leave the
photoresist 7 only in the region A (a stop 4).
Further, after  



depositing another multilayer film by performing a
second  evaporation using another predefined thin-film
material 9 (a step 5),  the thin-film material 9,
which is.evaporated on the photoresist 73. is removed
together with the photoresist 7 (a step 6). Thus, the
formation of the second optical thin film 6 in the
region B is  completed. The numerical aperture
controlling filter is completed  through the above
first deposition and the second deposition. [00091
JP-A-2004-79010 is an example of' related art.  [00101
In the known numerical aperture controlling filter,
however there has been a difference in evaporated film
thickness  between the first optical thin film 5
deposited in the region A and  the second optical thin
film 6 deposited in the region B, which has  caused a
difference in optical path length. When the laser beam
having the wavelength 12 transmits through the region
A and the  region B in such circumstances, a
difference in phase (hereinafter  referred to as a
phase gap) occurs due to the difference in optical
path length between the first optical thin film 5 and
the second  optical thin film 6. The phase gap is
problematic because of the  influence on data reading
and writing when a numerical aperture  controlling
filter is used in optical pickup. [00111 Fig. 6 is a
diagram showing a phase gap in the known  numerical
aperture controlling Alter. Supposing that n is the
refractive index of a thin film and that d is the
physical film  thickness of the thin film, the optical
path length of the first optical  thin film 5 is
defined as nidk; and the optical path length of the
second optical thin film 6 is defined as n2d2. Hence,
the phase gap  



And is expressed as: [00121 And = nidi -- n2da [00131
Therefore, in the known method, an experimental
production has been performed during the designing
process, for the purpose of reducing the phase gap, by
measuring the actual phase  gap and, based on the
measurement result, 'amending design values  before
proceeding to mass production. However, there has been
a  problem that, in the actual evaporation, the actual
optical path  length varies from the design value
depending on the aging and  degradation of the
evaporation equipment. As the wavelength of a  laser
beam to be used becomes shorter, the influence brought
by the  phase gap becomes larger. Therefore, the
accuracy of laser beams  having the wavelengths of 780
nm and 660 nm, which are used in  known. CDs, DVDs,
etc., has been controlled as required by adjusting the
evaporation equipment. However, the accuracy  control
of a laser beam having a blue laser in 405nm
wavelenth,  which is used for high density optical
disks as two-types including a  Blu-ray disc (BD) and
High-Density DVD (HD DVD) using a violet
semiconductor laser, has been difficult. [00141 Fig. 7
is a table showing the degree of influence brought by
the phase gap of numerical aperture controlling
filters. As shown  in Fig. 7, supposing that the
degree of phase-gap influence brought  by the
wavel~ngth of 780 nm, which is used for CDs, is
defined as 1,  the degree of phase-gap influence
brought by the blue laser in a  405nm wavelength is
multiplied up to 12.7 times. Therefore, disks
employing the blue laser requires an accuracy of
1/12.7, compared to  



CDs. SUMMARY  [00151 An advantage of the invention is
to provide a numerical aperture controlling filter
that has a smaller phase gap among optical thin films
that is caused when the numerical aperture
controlling filter is configured by depositing several
types of optical thin films on a glass substrate.
[00161 In order to achieve the above advantage, a
numerical  aperture controlling filter and a method
for manufacturing the  numerical aperture controlling
filter according to the invention  employ the
following. [00171 According to a first aspect of the
invention, a numerical aperture controlling filter
includes: a first region that allows, when  a laser
beam having a different wavelength is incident on the
numerical aperture controlling filter, the
transmission of laser  beams having all the
wavelengths; and a second region that blocks  the
transmission of a laser beam having a predefined
wavelength.  In the above numerical aperture
controlling filter, different  materials are used for
outermost layers of a first optical thin film  that is
formed in the first region and a second optical thin
film that  is formed in the second region. Further,
the optical path length of  either of the first
optical thin film or the second optical. thin film is
adjusted by means of etching after depositing the
first optical thin  film and the second optical thin
film. [00181 In the numerical aperture controlling
filter according to  the first aspect of the
invention, it is preferable that the  



wavelengths of the laser beams to be incident on the
numerical  aperture controlling filter are 780 nm, 660
nm, and 405 mu. [00191 In the numerical aperture
controlling filter according to  the first aspect of
the invention, it is preferable that the first optical
thin film is a multilayer thin film that is configured
by alternately 6 evaporating a plurality of layers
including. Ta205/SiO2/A12O3 as  thin-film materials;
and that the outermost layer of the first optical
thin film is the deposition of A1203. 100201 In the
numerical aperture controlling filter according to
the first aspect of the invention, it is preferable
that the first optical  thin film is a multilayer thin
film that is configured by alternately  evaporating a
plurality of layers including Ta205/SI02/MgF2 as
thin-film materials; and that the outermost layer of
the first optical  thin film is the deposition of
MgF2. [00211 In the numerical aperture controlling
filter according to  the first aspect of the
invention, it is preferable that the second  optical
thin film is a multilayer thin film that is configured
by  alternately evaporating a plurality of layers
including Ta2O5/SiO2  as thin-film materials; and that
the outermost layer of the second  optical thin film
is the deposition of SiO2. [00221 In the numerical
aperture controlling filter according to  the first
aspect of the invention, it is preferable that the
second  optical thin film is a multilayer thin film
that is configured by  alternately evaporating a
plurality of layers including TiO2/SiO2 as  thin-film
materials; and that the outermost layer of the second 



optical thin film is the deposition of SiO2. [00231-
According to a second aspect of the invention, a
method for  manufacturing a numerical aperture
controlling filter having a first  region and a second
region includes: applying, in order to evaporate  a
first optical thin film in the first region, a
photoresist all over a  glass substrate and patterning
the photoresist so as to leave the  photoresist only
in the second region; depositing a multilayer film 7
by performing a first evaporation using a predefined
thin-film  material; completing the formation of the
first optical thin film in  the first region by
removing the thin-film material, which is  evaporated
on the photoresist, together with the photoresist;
applying, in order to evaporate a second optical thin
film in the  second region, a photoresist all over the
glass substrate, on which  the first optical thin film
is deposited, and patterning the  photoresist so as to
leave the photoresist only in the first region;
depositing a multilayer film by performing a second
evaporation  using a predefined thin-film material;
completing the formation. of  the second optical thin
film in 'the second region by removing the  thin-film
material, which is evaporated on the photoresist,
together  with the photoresist; and adjusting an
optical path length of either  of the first optical
thin film or the second optical thin film by  etching
either of the first optical thin film or the second
optical thin  film. In the above method, the first
region allows, when a laser beam having a different
wavelength are incident on the numerical  aperture
controlling filter, the transmission of laser beams
having  



all wavelengths; and the second region blocks the
transmission of a  laser beam having a predefined
wavelength. (00241 In the first and second aspects of
the invention, since the  phase gap is reduced by
scraping one of the optical thin films by  means of
etching performed in the post-process of the
manufacturing of a numerical aperture controlling
filter, higher  accuracy in the evaporation process
can be achieved. Therefore,  the optical properties of
numerical aperture controlling filters are  improved
and the control of the blue laser in a 405nm
wavelength 8 becomes possible. Besides, the yield
ratio in a production of  numerical aperture
controlling filters is also improved, which  lowers
the cost of numerical aperture controlling filters and
provides a great advantage in using numerical aperture
controlling  filters. IEF DESCRIPTION QF-ME IN [00251
The. invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like  elements. [0026] Figs. I.A. and lB are
configuration diagrams showing an  embodiment of a
numerical aperture controlling filter according to
the first aspect of the invention. [00271 Figs. 2A and
2B show the optical properties in a region B  when the
thickness of an outermost layer 15 of a second optical
thin  film 13 is varied in the numerical aperture
controlling filter according to the first aspect of
the invention. 



[00281 Fig. 3 is a diagram showing the manufacturing
steps of the  numerical aperture controlling filter
according to the second aspect  of the invention.
[00291 Figs. 4A and 4B are diagrams showing an example
use of a  known numerical aperture controlling filter.
[00301 Fig. 5 is a diagram showing the manufacturing
steps of the  known numerical aperture controlling
filter. [00311 Fig. 6 is a diagram showing a phase gap
in the known  numerical aperture controlling filter.
[00321 Fig. 7 is a table showing the degree of
influence brought by 9 the phase gap of numerical
aperture controlling filters. DESCRIPTION OF EXEMPLAR
NT [00331 An embodiment of the invention will now be
described in  detail with reference to the
accompanying drawings. [00341 In the embodiment of the
invention, in order to reduce the  phase gap between
two optical thin films, a step for scraping one of
the two optical thin films by means of etching has
been added to the  post-process of a method for
manufacturing a numerical aperture  controlling
filter. In the above step, different materials are
used  for depositing each outermost layer of a first
optical thin film and a  second optical thin film. The
thin-film material of one optical thin  film in a
region that does not require etching is harder and has
a  higher chemical resistance than the thin-film
material of the other  optical thin film in another
region that is to be scraped by etching.  Thus, only
the optical thin film in one of the regions is scraped
off in 



the etching process. [00351 Figs. IA and lB are
configuration diagrams showing an  embodiment of a
numerical aperture controlling filter according to
the first aspect of the invention. Fig. IA shows the
incidence plane  of a numerical aperture controlling
filter 10. Fig. 1B shows the  cross section taken
along the line A-A' of the numerical aperture
controlling filter 10. In the embodiment, a first
optical thin film 12  is deposited in a region A (a
first region) on a glass substrate Ii, and  a second
optical thin film. 13 is deposited in a region B (a
second  region) on the glass substrate 11. The first
optical thin-film 12 and  the second optical thin film
13 have individual thin-film 10 configuration using
different materials. The first optical thin film  12
deposited on the region A. allows the transmission of
laser beams  having the wavelengths of 780 nm, 660
nm., and 405 nm at a transmittance of 95% or higher.
The second optical thin film 13  deposited on the
region B allows the transmission of laser beams
having the wavelengths of 660 urn and 405 nm at a
transmittance of  95% or higher and controls the
transmittance of a laser beam  having the wavelength
of 780 nm to be 4% or lower. [00361 The first optical
thin film 12 is a multilayer thin film that.  is
configured by alternately evaporating a plurality of
layers  including Ta205lSiO2/AI203 as thin-film
materials or a'multilayer  thin film that is conftured
by alternately evaporating a plurality of  layers
including Ta205/SiO2[MgF2. In either case, A1203 or
Mg12,  which is hard and has a high chemical
resistance, needs to be  



deposited as an outermost layer 14 of the first
optical thin film 12.  On the other hand, the second
optical thin film 13 is a multilayer  thin film that
is configured by alternately evaporating a plurality
of  layers including Ta205/Si02 as thin-film materials
or a multilayer  thin film that is configured by
alternately evaporating a plurality of  layers
including Ti02/Si.02. In either case, Si02, which is
easy to etch compared to hard and highly
chemical-resistant A1203 or  MgF2 used as the
thin-film material of the outermost layer 14 of the
first optical thin film 12, needs to be deposited as
an outermost  layer 15 of the second optical thin film
13. [00371 In addition, the embodiment describes the
case where: the  first optical thin film 12 is a
multilayer thin film configured by  alternately
evaporating a plurality of layers including 11 14
Ta2O5/SiO2/Al2O3 as thin-film materials or a
muitilayer thin film  configured by alternately
evaporating a plurality of layers including
Ta205/SiO2[MgF2; and the second optical thin film 13
is a multilayer thin film configured by alternately
evaporating a  plurality of layers including
Ta2O5/S102 as thin-film materials or a  multilayer
thin film configured by alternately evaporating a
plurality of layers including Ti02/Si02. However, the
following optical thin-film configuration can also be
allowed: the first optical  thin Slxn 12 is a
multilayer thin film configured by alternately
evaporating a plurality of layers including.Ta2O5/Si02
or a  multilayer thin film configured by alternately
evaporating a 



plurality of layers including T.iO2/SiO2; and the
second optical thin  film 13 is a multilayer thin film
configured by alternately  evaporating a plurality of
layers including Ta205/SiO2/A1203 or a  multilayer
thin film configured by alternately evaporating a
plurality of layers including Ta205/SiO2/MgF2. [00381
Further, in the embodiment, etching is performed after
depositing the first optical thin film 12 and the
second optical thin  film 13, so as to eliminate the
phase gap. In the embodiment  shown in Figs. IA and
1B, the second optical thin film 13 is etched,  with
the first optical thin film 12 left unetched. Since
the thin film  of the outermost layer 14 in the first
optical thin film 12 is harder  and has a higher
chemical resistance than the thin film of the
outermost layer 15 in the second optical thin film 13,
as described  above, the etching of the second optical
thin film 13 to obtain a  desired film thickness does
not affect the first optical thin film 12. [00391
Next, the influence on the optical properties of the
second .12 optical thin film 13 that is brought by the
etching of the second  optical thin film 13 will be
described. [00401 Figs. 2A and 2B show the optical
properties in a region B,.  on which the second
optical thin film 13 is deposited, when the  thickness
of an outermost layer 15 of the second optical thin
film 13  is varied in the numerical aperture
controlling filter according to  the first aspect of
the invention. Fig. 2A shows the properties of
incident laser beams that are set to wavelengths of
350 nm to 850  nm. Fig. 2B, which is an enlargement of
Fig. 2A, shows the  



properties of incident laser beams that are set to
wavelengths of 350  nm to 450 nm, for a close
observation of the optical properties  around the
blue-laser wavelength of 405 nm. The optical
properties shown in Figs. 2A and 2B are. derived from
a simulation,  wherein the thickness of the outermost
layer 15 in the second  optical thin film 13 is varied
as: nd = 1.5, 1.3, 1.1, 1.0, 0.9, 0.7, and  0.5. The
required transmittance is: 95% or higher around 405
nm.,  which is the wavelength for high density optical
disks as two-types including BD and HD DVD, and 660
nm, which is the wavelength of  the light source used
for DVDs; and 4% or lower around 780 nm,  which is the
wavelength of the light source used for CDs. [00411 In
Fig. 2D, the line graphs except the ones indicated as
nd  1.5 and n,d = 0.5 indicate the values of nd = 1.3
to 0.7. As  evidenced in Fig. 2B, a transmittance of
95% or higher is secured  around the wavelength of 405
nm in the graphs of nd = 1.3 to nd =  0.7. Therefore,
taking the graph of nd = 1.3 as a reference, there is
no significant influence on the optical properties in
.the region B  even when the outermost layer 15 of the
second optical thin film 13 13 is etched 'within the
width of 0.6 (approximately 50 nom in
optical-path-length equivalent). [00421 Next, a method
for manufacturing a numerical aperture  controlling
filter according to the second aspect of the invention
will  be described. [00431 Fig. 3 is a diagram showing
the manufacturing steps of the  numerical aperture
controlling filter according to the second aspect  



of the invention. First, in order to evaporate the
first optical thin  film 12 in the region A, the
photoresist 7 is applied all over the glass  substrate
11. Then, the photoresist 7 is patterned so as to
leave  the photoresist 7 only in the region B (a step
1). Then, after  depositing a multilayer film by
performing a first evaporation using  a predefined
thin-film`material 16 (a step 2), the thin-film
material  16, which is evaporated on the photoresist
7, is removed together  with the photoresist 7 (a step
3). Thus, the formation of the first  optical thin
film 12 in the region A is completed.  [00441 Further,
in order to evaporate the second optical thin film  13
in the region B, the photoresist 7 is applied all over
the glass  substrate 11. Then, the photoresist 7 is
patterned so as to leave  the photoresist 7 only in
the region A (a step 4). Then, after  depositing
another multilayer film by performing a second
evaporation using a predefined thin-film material 17
(a step 5), the  thin-film material 17, which is
evaporated on the photoresist 7, is  removed together
with the photoresist 7 (a step 6). Thus, the formation
of the second optical thin film 13 in the region B is
completed. Further, by etching the second optical thin
film 13  within a predefined range so as to reduce the
phase gap, the 14 numerical aperture controlling
filter is completed (a step 7).  [0045] ' In addition,
the embodiment describes the case of  depositing the
first optical thin film 12 first and then the second
optical thin film 13. However, the second optical thin
film 13 can  be deposited before depositing the first
optical thin film. 12. 



15 What is claimed is L A numerical aperture
controlling filter, comprising: a first region that
allows, when a Iaser beam having a  different
wavelength is incident on the numerical aperture
controlling  filter, transmission of laser beams
having all the wavelengths; and a second region that
blocks transmission of a laser beam having a
predefined wavelength, wherein: different materials
are used for outermost layers  of a first optical thin
film that is formed in the first region and a second
optical thin film that is formed in the second region;
and an optical path  length of either of the first
optical thin film or the second optical thin  f3lm is
adjusted by means of etching after' depositing the
first optical  thin film and the second optical thin
film. 2, The numerical aperture controlling filter
according 'to Claim 1,  wherein the wavelengths of the
laser beams to be incident on the  numerical aperture
controlling filter are 780 nni, 6 60 um, and 405 nm.
3. The numerical aperture controlling filter according
to Claim 1,  wherein: the first optical thin film is a
multilayer thin film that is  configured by
alternately evaporating a plurality of layers
including  Ta2O5/SiO2/AI203 as thin-film materials;
and ah outermost layer of  the first optical thin film
is a deposition of A1203. 4. The numerical aperture
controlling filter according to Claim 1,  wherein: the
first optical thin film is a multilayer thin film that
is  configured by alternately evaporating a plurality
of layers including  Ta2O5/SiO2/MgF2 as thin-film
materials; and an outermost layer of the  



first optical thin film is a deposition of MgF2. 15.
The numerical aperture controlling filter according to
Claim 1, 16 wherein: the second optical thin film is a
multilayer thin film that is  configured by
alternately evaporating a plurality of layers
including  Ta205/SiO2 as thin-film materials; and an
outermost layer of the  second optical thin film is a
deposition of Si02_ 6. The numerical aperture
controlling filter according to Claim 1,  wherein: the
second optical thin film is a multilayer thin film
that is  configured by alternately evaporating a
plurality of layers including  Ti02/SiO2 as thin-film
materials; and an outermost layer of the second
optical thin film is a deposition of SiO2. 7. A method
for manufacturing a numerical aperture controlling
filter  having a first region and a second region,
comprising: applying a photoresist all over a glass
substrate in order  to evaporate a first optical thin
film in the first region, and patterning  the
photoresist so as to leave the photoresist only in the
second region;  depositing a multilayer film by
performing a first evaporation using a predefined
thin-film material; completing a formation of the
first optical thin film in the  first region by
removing the thin-film material, which is evaporated
on  the photoresist, together with the photoresist;
applying, in order to evaporate a second optical thin
film  in the second region, a photoresist all over the
glass substrate, on which  the first optical thin film
is deposited, and patterning the photoresist so  as to
leave the photoresist only in the first region; 



depositing a multilayer film by performing a second
evaporation using a predefined thin-film material;
completing a formation of the second optical thin film
in  the second region by removing the thin-film
material, which is 17 evaporated on the photoresist,
together with the photoresist; and  adjusting an
optical path length of either of the first  optical
thin film or the second optical thin film by etching
either of the first optical thin film or the second
optical thin film, wherein: the first region allows,
when a laser beam having  a different wavelength is
incident on the numerical aperture  controlling
filter, a transmission of laser beams having all
wavelengths;  and the second region blocks a
transmission of a laser beam having a  predefined
wavelength. 18 


