A NUMERI CAL APERTURE CONTROLLI NG FILTER AND A METHCD
FOR MANUFACTURI NG THE SAME BACKGROUND 1. Techni cal
Field [0000 The present invention relates to a
nunerical aperture controlling filter and a nethod
for manufacturing the nunerical aperture-controlling
filter, especially a nunerical aper-t ure controlling
filter that is used for condensing a | aser beam havi ng
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that emMETHODFORMANDYACTURNGTHECdAMR] has a
di aphragm function for a di fferent Incident |ight, as

well as a nmethod for manufacturing such a nuneri cal
aperture controlling filter. 2. Related Art [0002]
When the information BAGKGR@GUND r epr oduci ng of
optical disks such as CDs, DVDs, etc. is perforned,
ehunisahdfigle of optical pickup is enployed. In
O(&él cal pickup, when a light source that enmts a
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wavelengths is used, and has a diaphragm function for a different
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incident light, as well as a method for manﬁfacturing such a
numerical aperture controlling filter.
2. Related Axt
[0002] When the information recording or reproducing of optical
disks such as CDs, DVDs, ete. is pexformed, the techniqgue of optical
pickup is employed. In optical pickup, when a light sour'ce that
emits a laser beam having two or moxe wavelengths is lised, a
pumerical aperture controlling filtex 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 conﬁ'guratién of a nunierical
aperture controlling filtex. The example configuration -in Fig. 4A




shows how | aser beans having two wavel engths are
emtted froma |ight source in optical pickup
wherein, the | aser beans are enmtted to the pit of an
optical disk 3 through a nunerical aperture
controlling filter 1 and an objective lens 2. The
light source emts two types of |aser beans: one

havi ng-a wavel ength Al and the other having a
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t he | aser beam havi ng the wav gth A2 an

t bentrailngtfdast haddantdigevidvellenge2h Athe kbRt 8bAkSe emits
the 1laser beam having the wavel ength A is narrowed

i two typps efd¢hsarcbeamangre havinger wiaveledythcX 1 uad gisother
2. [0004) On the other hand, in the recording surface
ohaving apvavelength 2. 3 A aefionsA ancthor diuneriealeap exftnoen
which jpforpation is read by the wavelength A, and a
s"éﬁ’ffﬁﬂi]%%% Siltam] alleyes the tramsmission ohbothdypes of taser
read by the wavel ength , are provided in.different
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aberration of the objective |ens er to solve
panbe doentbk ¢he dbjectivebénsal aperture control |ing

meter 1 is enployed in optical pickup using a |aser
[oo®gam havOnghe other hand, in the recording surface of the optical
disk 3, a first recording layer, from which information is read by the
wavelength A1, and a second recording layer, from w_hich
information is read by the wavelength A2, are provided in different
depths. The objective lens 2 condenses the laser beam having the
‘wavelength A1 to the first recording layer and the laser beam
having the wavelength A2 to fhe second recording layex. For
example, if the laser Iaeam having the wavelength A1 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 {o solve such a problem, the numerical aperture controlling
filter 1 is employed in optical pickup using a laser beam having a

different wavelength.




different wavel ength.. 2 [00061 The- nunerica
aperture controlling filter 1 showmn in Fig. 4B -is
configured by depositing a first optical thin filmb5
inthe region A on a glass substrate 4 and a second
optical thin film 6 in the region B on the gl ass
substrate 4, The first optical thin film5 and the
second optical thin film®6, which have different
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in the region A a photoresist 7 is applie over
t benfipasstiend saread epasitdd by, altbin 18Dk 8VLpbSdtin,
patterned so as to | eave the photoresist 7 on?y in
t xgh agﬁrenmse(mammplsm‘am,tmz Nb2OS5,dtp)siid ng a
erformng a first evaporation
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Further, after
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, aftex 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 phptoresist 7,18
removed together with the photoresist 7 (a step 3). Thus, the
formation of the first optical thin film 5 in the region Ais completed.
[0008] Further, in order to form the second. optical thin film 6 in
the région B, the photoreéist 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 A (a stép 4). Farther, 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 7, is




depositing another nultilayer filmby performng a
second evaporation using another predefined thin-film
material 9 (a step 5), the thin-filmmterial 9,

whi ch is.evaporated on the photoresist 73. is renoved
together with the photoresist 7 (a step 6). Thus, the
formati on of the second optical thin film®6 in the
region Bis conpleted. The numerical aperture
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filme6 deposited in the region B, which has ~caused a
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havj ng the wavel ength 12 transmts through the region
[0010hq "t heln thgkaeve nrmeritalaperuse znnesolling filter,
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second optical thin film®6 is defined as n2d2. Hence,

. path jemgkh bepween 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.

[o011] Fig. 6 is a diagram showing a phase gap in the known
B ~ numerical aperture controlling filter. 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 5is gleﬁned' as nidy; and the optical path length of the
second optical thin film 6 is defined as nsd2. Hence, the phase gap
And is expressed as:
f0012] And =n1d; - nade _
- [0013] Therefore, in the known method, an experimental

production has been performed during the designing process, for the




And is expressed as: [00121 And = nidi -- n2da [00131
Therefore, in the known nethod, an experinental
producti on has been performed during the designing
process, -for the purpose of «educing the phase gap, by
nmeasuring the actual phase gap and, based on the
measur ement result, 'anending design values before
proceedi ng to mass production. However, there has been

o tERe ek OBbing Phé Phaft #apy b WirasaetEthe, appel phase
d ' i i f..th .

PR Iated b L B QA EER BN B g Sasign palues
b datk t '
b;?@ ﬁqﬂ:ﬂpfgﬁzgge gagsgecoﬁgs argenr'. ﬁﬁgégfe %’lr@,{]é}t%h}gésoﬂg&a

apevbRey thht) BS e RBAIH eVipbrafich) %h\@aae%hg%gbﬁ%va%aﬁo

nm and 660 nm which are used in “"known.

elengthhesribs fromabier @b4; mu@emﬂerneﬂngw@%@ag%{?aﬁae

evapor ati on equi pnent. wever, the accuracy r ol
ofegrddudion bf dhe hvaipogatiohlaygripasait. | A4 0B Ravelength of a
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1/12.7, conpared
Blu-ray disc (BD) and High-Density DVD (HD DVD) using a violet

semiconductor laser , has been difficult.

[o014] 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 wavelength 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 waveleﬁgth is mﬁltiplied up to 12.7 times. Therefore, disks

- employing the blue laser requires an accuracy of 1/12.7, compared to

CDs.

 [o0151 An advantage of the invention is to provide a numerical

aperture controlling filter that has a smaller phase gap among




CDs. SUMVARY [00151 An advantage of the invention is
to provide a nunerical aperture controlling filter
that has a small er phase gap anong optical thin filnms
that is caused when the nunerical aperture
controlling filter is configured by depositing severa
types of optical thin filnms on a glass substrate.
[00161 In order to achieve the above advantage, a
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cemploy thedolotieg, different materials are used for
outernost layers of a first optical thin film that is
[00171ned | Aaderding to afomitaspent! of thednrdntiph, aaluieiical
filmthat 1is fornmed in the second region. Further,
tanergpre eantrolling feligr ndudes; alfirstofegiow that atlows; when
[, thi il mor,_the second optical:. thin filmis

fg‘gialtfcéi%&f%? |f|'|h§90 " Wtrwaaﬁ;mgthésggpid% cltm&:f
bR BBk o B RSO OR b et L
b DA B0 Bap 5 bR 5abod bl ehat ok

the transmission of a laser beam having a predefined wavelength.
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In the above numerical aperture controlling filter, different
maferials are used for outermost layers of a first optical thin film
that is formed in the first region and a second ox;tical thin film that
is formed in the second region. Fuxther, the optical path Iength 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. |
[0018] 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 nmn.
[0019] 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 alternataly




wavel engt hs of the | aser beans to be incident on the
nuneri cal aperture controlling filter are 780 nm 660
nm and 405 nmu. [00191 In the nunerical aperture
controlling filter according to the first aspect of
the invention, it is preferable that the first optica
thin filmis a nultilayer thin filmthat is configured
by alternately 6 evaporating a plurality of |ayers

i ncluding. Ta205/Si @2/ A12C8 as _thin-filmmaterials;
arfy apioxe plaxalitysef laypes intluding Ta205/5p02¢41208 as

t[}'hg?f' Imis the depgsition of A1203. 100201 In the
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thin filmis a mltilayer thin filmthat is configured
bihinabile matediylse vadottedt tle eutdmiedtilayepbf thy it optical

including Ta2Gb/SiQ2 as thin-filmmterials; and that
ttihdn dilme isthe deppsitiad of BdgEBcond optical thin film
I S,the deposition of Si Q2. [00221 In the nuneri cal
(0023t ur e Bofertpepisal apestuze contoldng diltehacddnding to
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as thin film materials; and that the outermost layer of the second
optical thin film is the deposition of Si02.
[0022] 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 éonﬂgured by
alternately evaporating a plurality of layers including TiO2/Si0O2 as
thin-fi_]m materials; and that the outermdst layer of the gecond
optical thin film is the deposition of Si02.

[0023]- According to 2 second aspect of the invention, a method for
manufacturing a numerical aperture controlling filter having a fixst
region and a second region includes: applying, in oxder 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




optical thin filmis the deposition of SiO2. [00231-
According to a second aspect of the invention, a

nmet hod for manufacturing a numerical aperture
controlling filter having a_first region and a second
regi on includes: applying, in order to evaporate a
first optical thin filmin the first region, a
photoresist all over a glass substrate and patterning
t he phqgtoresist so as to | eave the photoresist only

i Ryiprrfeaping afixstoyamypbion wsipga predéfingé thin ifihay
by perfaormng.a.first evaporatign using a predefined
¢ RreriginFompl ehing) the dowpiadiom et the firet enticeh thin fim in
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-evaporation wusing a predefined thin-tilm erial;
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filmin '"the second region by renoving the thin-film

fepesiting awhidtilayerfilmobypesforminges pbatd eshporation
together with the photoresist; ‘and adjusting an
$5i2% 3/ Predefinedndrin-Glmenaterial:tompleting the dptinasion. of
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M@ﬂrst optical thin film or the second optical thin film by
etching either of the fixst 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 axe incident on the numeﬁcal
aperture controlling filter, the transmission of laser beams having
all wavelengths; and the second region blocks the transmission of a
laser beam baving a predefined wavelength.

[0024]1 - In the fixst and second aspecfs 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 aﬁerture controlling filter, higher
aiccura’cy in the evaporation process can be achieved. Therefore,
the optical properties of numerical aperture controlling filters are

improved and the control of the blue lasex in a 405nm Wével’ength




al |l wavel engths; and the second regi on bl ocks the
transm ssion of a |aser beam having a predefined
wavel ength. (00241 In the first and second aspects of
the invention, since the phase gap is reduced by
scraping one of the optical thin filnms by neans of
etching perforned in the post-process of the
nanufacturing of a nuneri cal aperture controlling
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the cost of nunerical aperture controlling filters and
pfitteirsles a great advantage in using nunerical aperture
controlling filters. |EF DESCRI PTION QF-ME | N [ 00251

The. | nventl on will be described with reference to the
acconpanyj ng dr aw ns wher ein Ilke nurrbers ref erence
like el HBEEED OF THE RRAR
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tellggrﬁgﬂ ss of an outernost layer 15 of a second optical
|Im13 is varied in the nunerical aperture

[oosﬂ];t ol | Fiks. 1A b8l P8Getadtidultatlth hldg¥arlS BROWIRE an
embodiment of a numerical apexture controlling filter according to
the first aspect of the invention.

[o027] 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 fixst aspect of the invention.

[0028] Fig. 3 is a diagram showing the manufacturing steps of the
numerical apertuxe controlling filter according to the second aspect
of the invention. ‘ -

[0029] Figs. 4A and 4B are diagrams showing an example use of 2
known numerical aperture controlling filter. |

[0030] Fig. 5 is a diagram showing the manufactuxing steps of the
known numerical aperture controlling filter.

[0031] Fig. 6 is a diagram showing a phase gap in the known

numerical aperture controlling filter. |

[0032] Fig. 7is a table showing thé degree of influence brought by




[00281 Fig. 3 is a diagram show ng the manufacturing
steps of the nunerical aperture controlling filter
according to the second aspect of the invention.
[00291 Figs. 4A and 4B are diagrans show ng an exanpl e
use of a known nunerical aperture controlling filter.
[00301 Fig. 5 is a diagram show ng the manufacturing
steps of the known numerical aperture controlling
f i thephal8QaiblofhGmeBidal ap et eaﬁﬁ%m\qlg Haelfgbase gap
in the known nunerical aperture controlTing filter.
[00321 Fig. 7 is a table show ng the degree of
i nfluence brought by 9 the phase gap of nunerica
apertur Barint ‘ RIB O TNET 2
00331 enbaodi nent of the invention will now be
["%ér i bed 4t emhodimentiof Hhedhaeation willtivew be described in
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thin-filmmterial of one optical _
regiteollimgfiltaes Inothe sk Stef, diffadent mliedfila 3 Y3
a higher chemcal resistance than the thin-film
rfat dlepaisi i gteaehoritermosplaget of bifirdti dpbiédl HIAHIRA and a
region that is to be scraped by etching. Thus, only
tSeeondiopdigaltthin fiim.m Theahdndilm hratedabof ons opticapeHin
f in X
m 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. '

[0035] Figs. 1A and 1B are configuration diagrams showing an
embodiment of a numerical ai)erture controlling filter according to
the first aspect of the invention. Fig. 1A shows the incidence plane

-of 2 numerical aperture controlling filter 10. Fig. 1B shows the
cross section taken aloﬁg the line A-A' of the numerical aperturé
controlling filter 10; In the embodiment, a first optical thin film 12
is deposited in a regién A (a first region) on a glass substrate 11, 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-flm

10




the etching process. [00351 Figs. 1A and IB are
configuration diagrans showi ng an enbodi nent of a
nunerical aperture controlling filter according to
the first aspect of the inveantion. Fig. | A shows the
i ncidence plane of a nunerical aperture controlling
filter 10. Fig. 1B shows the cross section taken
along the line A-A" of the nunerical aperture

contr “iin filter . In the egﬁgdlnent a firs
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havi hg the wavel engt hs of 660 urn and 405 nmat a

thaviee theywayelsngthsof 580 minyferbead®% evluwed. st he
rooéﬁ?éé“ ke g Jgéﬁsﬁéwﬁﬁﬂ[ o462 Wnlsilasesthipiioathat.

th £ | thin filmthat

Progialy Sfethiale P Dombin ?ﬁ'éanaalm?mﬁhmrsof
hi n-fil
ﬂ?@#aﬁg#?%%@%l%%fﬁéés' P el of achettitaver
X0 L OV RPRBEA AR b Bl §igpliey of

baye gtlgg(i:‘ﬂéﬂﬁn e’%@@ﬁ%@ﬁh\heﬁza Rh e £2/41203 or MgF2,
which is hard and has a high chemical resistance, needs to be
deposited as an oute.r.most layer 14 of the first optical thin film 12.
On. the other hémd, 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 TiO2/Si02. In eithex case, SiO2, 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 optieal thin film 13.
[0037] - In addition, the embodiment describes the case where: the
first optical thin film 12 is a multilayer thin film configured by

alternately e;zaporatiug a plurality of layers including
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deposited as an outernost |layer 14 of the first
optical thin film12. On the other hand, the second
optical thin film1l3 is a multilayer thin filmthat
is configured by alternatel y,evaporating a plurality
of layefs including Ta205/Si 02 as thin-filmmaterials
or amultilayer thin filmthat is configured by
alternately evaporating a plurality of |[|ayers

' includiggpéiOZ/Si.OZ. In either case, Si02, which is

eaba2 @Y/ asdiinofihmndaterdalsi ght yultilayer thin film
chem_.cal -r;;i tant A1203 or MF2 used as the
t Kepfigurad by altemately eveperatingwspluralisy of Japérs meluding

fing St tical in film12, needs to .be deposited as
a#@&%@g&gﬁgyépd@%?eqw eebieplgtpdfilm I3 A il m
1 n diti the.,e di nent descri bes the
BtV A2 ehih B0 cotfnted bR Rlbenrinly raporadiag a
' i ' confa . al.t.er pat el .
CHLBLIRESE faYols HARES8 RA0Ri0% iR Al Sphparials or o
T S _ 0l e Cial _
mui ti l %/%{;hta%zﬁnﬁ?ﬁ%r% cone{ai Eﬁr‘gﬁﬁt’g‘? Eéaﬁlﬁ%&r?a‘% gﬁ/ng a
Bl iofdages et i o -
208/ s?oe[ Vhr2: Ml il 7102 ﬁiy%pt?@%&% the folloying
i op facalihiin Hilye cohfighrhition e2n fal &8/h e Gl &l tidleNAi & dptical
evaporating a plurality of layers including
42 igsa mhilbi Ay emthian dilivatenfigued byl dliemeaely
thin filmconfigured by alternately evaporating a
svaparatiyes plusality ofilanedisigeltidiag F4205/8i0%ver a t he

foll.owi ng optical thin-filmconfiguration can also be
any e¥ thin flps confignzad by pitprsitely eyaperating a

Bl Fhapvapinending DOY0e tndcihasersmloptica) thin
g;gig 6?? gg%%luiﬁféyérhéhnlg Jill.trlp gocl):lr.ggi't(l}r%rdegy gXtezi'lnta%g yat ely
evaporating a plurality of layers including Ta205/5i02/A1203 or a
maultilayer thin film configured by alternately evaporating a
plurality of layers including Ta205/Si02/MgF2. |
[0038}] Further, in the embodiment, etching i3 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. 1A 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
;ibove, the etching of the second obtical thin filor 13 to obtain a
.desir_ed film thickness does not affect the first optical thin film 12.
[0039] Next, the influence on the optical properties of the second

12




plurality of layers including T.iQ2/Si @; and the
second optical thin film13 is a multilayer thin film
configured by alternately evaporating a plurality of

| ayers including Ta205/ Si Q2LA1203 or a nultilayer

thin filmconfigured by alternately evaporating a
plurality of layers including Ta205/Si 2/ MgF2. [00381
Further, in the enbodi nent, etching is performed after

B e A B o ot
ol Win gl d8 PIRBC RAth 15 1S et ohea, W th
A L s
8t it ) B 15y iy

othkiRsh of aesufdrn 61393 GBIk HRPLd DAl @m%lf tHiff 13
con Opt | ca

as descri bed -‘above, the etching of the s

t 8 vatieimithe ouahdrtal fperdasé ceftidliAEifilitek Beesrdingso
not affect the first optical .thin film12. [00391°

Nebke firshaspedt! efetheeimrentivn.opFig. A ghoper flicepraferths of
second .12 optical thin film13 that is brought by the
einchdent ser heares that aveset 40 wavelehgtin aB8360Iimbte 850

descrihed. H[OO4_O Figs. 2A and 2B show the opti cal
8peritiged B Whichelsi o eplargesnenhp High2As ebows the

tical. thi.n.fidm 13 is deposited, when the _thickness
o Ptist of atidens Jsenbeahs hat ase 6nt toptavaleogthn ol 350
fj ' i ' h i  t )
it P50 i, B0 £ P18 dErPRABh o the Riiical Sranseriosy

! ik . . ;

BN LS w SASHOIR FIRRLPCT ISl

206140 Hotn BT 24 3 60 detiols LA S8R attbn,
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

- 0.6. The required transmittance is: 95% or higher around 405 nm,

which is the Wavelength for high density optical disks as two-types
_i.ncluding BD apd HD DVD, and 660 nm, which is t1_1e Waveiength 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.
[0041] . In Fig. 2B, the line graphs except the ones indicated as nd

= 1.5 and nd = 0.5 indicate the values of nd = 1.3 t0 0.7. As
evidenced in Fig. 2B, a transmittance of 95% ox higher is secuxed
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 refexence, there is
no significant influence on the optical properties in the region B

even when the outexmost layer 15 of the second optical thin film 13
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properties of incident |aser beans that are set to
wavel engths of 350 nmto 450 nm for a close
~observation of the optical properties around the

bl ue-I aser wavel ength of 405.nm The optica

properties shown in Figs. 2A and 2B are. derived from
a sinmulation, wherein the thickness of the outernost
Iayer 15 in the second optical thin film13 is varied

ré&tﬁ PPagd Hodhin ebe e of oo@ﬁgfgro::”‘ ;h Ay Lo0.5, The |
e AT % 5 S ;zd"zz'oj
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Fig. 2D, the |ine graphs except t nes |n|ca
Nnde deserdedl . n,d = 0.5 indicate-the values of nd = 1.3
to 0.7. As evidenced in Fig. 2B, a transmttance of

[0043) or hi B3 issa démgimed shamng(thbliﬁawﬁtﬁ&ﬂi@stﬁps%he
nmin the graphs of nd = 1.3 to nd = 0.7. Therefore,

t aumﬁ;maieammpwe @ﬁntmlhng filter agcondiageructhe sdvond aspect
ﬁ’]éll gnificant influence on the optical properties in

g Hyentien. ofinstnieordextoovepovste theey firstlgptical thein
th| film13 13 is etched 'within the

ﬁéﬁﬁ%ﬁ@%i‘%m A" EpoipISsiatJhis appliod all over the glass
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a predefined thin-film matexial 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 coinpleted.

'[0044] 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 anothexr 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 photoxesist 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
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of the invention. First, in order to evaporate the
first optical thin film12 in the region A the
photoresist 7 is applied all over the glass substrate
11. Then, the photoresist 7.Ls patterned so as to

| eave the photoresist 7 only in the region B (a step
1). Then, after depositing a nultilayer film by
perforning a first evaporation using a predefined

TS5 B e

o TR STERR, P S o 7
ldeoddeing AR A oy Z@ﬁ&%ofsw SR Fsh
'%pHi:%lftR% PNnPa3! hﬂm&%%ﬁb% o %ﬁ"&ore g?ﬁ;h%%f

the glass substrate 11

pbetdupRiteibéors @eb%@itﬁzgrttHS RAL R ESI Shidd fﬁm ygin
the region A(a step 4) aftér depositing
another nultilayer film by perforn1ng a second
evaporation using a predefined thin-filmmterial 17
(a step 5), the thin-filmmterial 17, which is
evaporated on the photoresist 7, is reaned t oget her
with the photoresist 7 (a step 6). Thus, the formation
of the second optical thin film13 in the region Bis
conpl eted. Further, by etching the second optical thin
film13 wthin a predefined range so as to reduce the
phase gap, the 14 nunerical aperture controlling
filter . is conpleted (a step 7). [0045] ' In addition,
t he enbodi nent descri bes. the case of depositing the
first optical thin film12 first and then the second
optical thin film 13. However, the second optical thin
film13 can be deposited before depositing the first
optical thin film 12.
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15 What is claimed is L A nunerical aperture
controlling filter, conprising: a first region that
all ows, when a laser beam having a different

wavel ength is incident on the nunerical aperture
controlling filter, transm ssion of |aser beans
having all the wavel engths; and a second regi on that
bl ocks transm ssion of a |aser beam having a

Vﬂﬂ%&%ﬁﬁﬁ@g?' ength, wherein: different materials
are use Oor outernost layers of a first optical thin

Hopt Ear i aPPPRIR ot bl B, bAHRBER 0o e on

and an optad Sadt Rakbn thab Ay v dﬁ%%x?%glé%{: H&%ﬁ ?J%]%rrl]lgg

optical thin-filmor the secon

difftirent erbalengting Dicidesp bﬂg;h%fﬁﬁﬁierﬁ%g%o%& .h?;% &t Irglling

first optical thin filmand the secon

filter, irag smibsion widaserbeansy huvin £a) the! whtelehigthss and
according 'to Claim1l, wherein the wavelengths of the

| aser beaasecendeegivn theat bhrekshtean smissionalf Ahefdream
6 60 um and 405 nm

controlling filter are 780 nni,
hag?*né‘l?epmﬂ?%iﬂ%waaplﬁnﬁbbe controlling filter according
to daim1l wherejn: the first optical thin filmis a
mul ti | ayeVherma’ difarenfamateriale are qsed fopputermost layers
| ayers

of § sk Pkl +E50 tateJomisclin e Beohroion and & second

thin film

o8 B AT i B P
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Bl g A o f GG LRI i B
thiwdilel iadldstheasstond SpfiealBsin fipyer of the

2. The numerical aperture cbntrolling filtexr according to Claim 1,
wherein the wavelengths of the laser beams to be incident on the
numexical aperture controlling filter are 780 nm, 660 nm, and 405 nm.
3. The numerical aperture controlling filter according to Claim 1,
whexein: the first optical thin film is a multilayer thm film that is
configured by alternately evaporating a plurality of layers including
Ta205/5102/A1203 as thin-film materials; and an outermost léyer of
the first optical thin film is a deposition of A1203. B

4. The numerical aperture controlling filter according to Claim 1, |
whereini the ﬁrst optical thin film is a multilayer thin film that is
configured by alternately evaporating a plurality of layers including
Ta205/S8i02/MgF2 as thin-Glm materials; aﬁd an outermosf. layer of the
.first optical thix_x film is a deposition of MgF2. |

5. The numerical aperture controlling filter according to Claim 1,
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first optical thin filmis a deposition of MgF2. 15.
The nunerical aperture controlling filter according to
Caim1, 16 wherein: the second optical thin filmis a
mul tilayer thin filmthat is. configured by
alternately evaporating a plurality of |ayers
including Ta205/Si2 as thin-filmmterials; and an

out ernost | ayer of the second optical thin filmis a
ge Qsi‘H'lon of cfi 02 .. The_nunerical _aperture .
w orhe sgegnd patical thinilm isa oreltdayer thinfilmthatis
con tigal thin filmis a multilayer.thin film_.
coBfERIEd WY, MfiBrmtfha aypolieBing.4 BISraIbices Lavens ipeilding

- HbY, . S _i.ncl.udi.n 1.02/.Si CP thinsfHlm
TSSO R e Bl g dp ieSrosETabek Ot the
i PR [T i i il .o@: Si2. 7. A nmethod
Se?t_géd gghlﬁ alctzl_tihli{r Ftrl%] %\ss?}?r?g??%%ﬂ gg?%@%r e controlling
6. The! ®hmebal M dthid Sbn YRR AR JcSHAME tb THaPh 1,
conpri sing: applying a photoresist all over a glass
whtenbii rihlecsdoondr sifticall thiaVile 18 aemalfil 4pér il Abh th¥ts
filmin the first region, and patterning the
- cofigroadeby wiltamatolyt evapanatind e plaaklite uf dayerd indadide
.second region;, depositing a multilayer f.ilmby -
ﬁ%&QQMm&lm'ﬁﬂmm%eaiﬂs;mmé moustteymzogilager iofidhle second
thin-filmmterial; conpleting a formati on of the

opticalhing film 35 a deposition ¢fSi first region by
the thin-filmmaterial, which is evapgqrate

7. %ﬁl%@gfﬁﬁ@amwﬂx%g&wm#wneﬁsumemre ag filter
naBRB Y 5B8e BBt o RebianoaoR Guspeerae | aver e
I , i ch fi. i gal in fi
O s pouhBhlthg B lesthr 4l ek SR el B B
to evaPYEatd's MHRR YR Thif Hitn i th%iddt ¥ ikisif 9598 patterning

" the photoresist so as to leave the photoresist only in the second region.

depositing a multilayer film by performing a fixst

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 matexial;
"completing a formation of the second optical thin film in

the second region by removing the thin-film material, which is
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depositing a nultilayer filmby performng a second
evaporation using a predefined thin-filmmterial;
conpleting a formation of the second optical thin film
in the second region by respving 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 optica

oo She A BFSBE GRPAER il P eSS
opLI o2 AR AT el Sl ERLEDE B4 R

ophtieal YRIY fith & EhOYEESM & %kq%@f"t - ﬁlmcﬂﬂtg\'i}%i'éfg';ﬁthef of the

filter, a transm ssion o aser beans

firsfoptieab thsn filang: the seea dptiedl PRiPHPeKs a

transm ssion of a |aser beam having a predefined

wavel engtwheddin: the first region allows, when a laser beam having
a different wavelength is ancident on the numerical aperture
controlling filter, a transmission of lasex beams having all wavelengths;
and the second region blocks a transmission of a laser beam having a

predefined wavelength. -
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