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OPTIéAL DEVICE, OPTICAL SYSTEM, METHOD OF PRODUCTION OF

SAME, AND MOLD FOR PRODUCTION OF SAME

BACKGROUND OF iHE.INVENTION
5 1. Field of the Invention
. The preseht invention relates to an optical
device, an oétical systém a method of production of the

optical device, and a mold for production of the optical

device.
10
2. Description of the Related Art
When producing a lens, the folibwing first to
third methods of production have been known.
The first“method.of production is a method §f
15 fillin§ an optical material such as molten glass in a
metallic mold formed-with a cavity of a desired lens
- . shape machined to an intended lens shépg to produce a
'mo;d lens.
The second method of production is a method'of
20 utilizihg reactive ion etching (RIE) or other etching and
using a photo resist 6r'the'like as a mask (etching mask)
to etch an optical material ﬁo a predetermined shape to
thergby produce a lens made of the related optical
material.
25 The third method of production is é'metﬁod of
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mechanically polishing a base made of an optical material

to the lens shape to produce the lens.

In the conventional first method of production,
that is, the method using simple molding, it is difficult
to produce a smalllsized lens having a iarge numerical
aperture (NA), so it is difficult to reduce the leans
diameter to 1 mm or less.

In the conventional second method of
production, that is, the method using RIE or other
etching, there is a problem in that there are
restrictions oﬁ the optical material and there are a few
optical materials of high refractive indexes capable of
obtaining lenses having large numerical apertures among
the optical materials. capable of RIE and other etching,
so it is difficult to use a material having a high
refractive index and it is difficult to realize a lens

having a large numerical aperture NA.

In the conventional third method of production, .

it is difficult to manufacture a small sized lens.

If incréasing-the‘numgrical-aperture of the
lens; it is possible to make the size of a light spot
c?eated after passing through the lens small. It is
desirable fraﬁ the viewpoint of increase of the capacity
of an §ptical disc to enlarge the numerical aperture NA

of the lens (object lens) of an optical head.
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Also, lenses and other optical devices aré
'being used for various optical apparatuses. Reduction_of
the size of the optical devices is desirable from the
viewpoint of the reduction of size of the optical
apparatuses such as an opiical disc apparatus and an
optical pickup.

In order to realize an optical.device having a
large numerical aperture, a large refractive index of the
optical material isngffective.

As an optical material having a high refractive
index in a region of visible light, there afe.titanium
oxide, tantalum oxide, géllium phosphatg'(gallium
phosphorus), gallium-nitfide, silicon nitride, etc.

However, it is difficult to machine these
materials to small sized lenses haﬁing a large numerical
aperture in the prior art. |

Also, many conventional lenses have irregular
shapes. Ih order to align a plurality of lenses of such
irrggular shapes, high precision positioning in three- -
dimensional directions is neceséary, so the léad-of the
alignment work is large.

Also, whedfcomprising a flying head (floating
head) consisting of an optical head mpﬁnted on a swing
arm, the optical head can be prepared by sgparatelj

preparing a slider and the lens and attaching them at a
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high precision, but in this case, the load of the
attachment work and accordingly the load of preparation

of the optical head is large. S

SUMMARY OF THE INVENTION

An object of the'present invention is to provide
an optical device having a small-size; or a small size
and a iarge:numerical aperture.

Another object of the present invention is to
pfovide an optical system comprising the optical device,
that is the optical device having a small'éize, or a
small size.and a largé numerical aperture. Still
another object of the present invention is to provide a
method of production of an optical dgvicé for producing
such optical device, that is the optical device having a
small size, or a small size and a large numerical o
aperture.

‘ Fﬁrther,_still anothér object of the prese#t
invention is to provide a mold for production of an

optical device for using in such method of the optical

device.

According to a first aspect of the present

invention, there is provided an optical device comprising

- a first optical portion made of a first optical material
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~and h&%ing-a concavity ; and a second optical portion

comprising a second optical material having a refractive
index different from that of the first optical material,
and inserted into the concavity.

Accofding to a second aspect of the present
invention, there is provided a method of production of an
optical device comprising a first optical por£ion made of
a first optical material and having a concavity and.a
second optical portion comprising a second optical
material_having_a refractive index different from thét of
the first optical material, and inserted into the

concavity, including: a step of injecting the first

'optical material into a metallic mold formed with a

projection projecfing out into a cavity to form the first
optical portion made of.the first optical material_with a
concavity reproducing the shape of the projection; and a
step of filling the second optical portion in the
concavity'of the molded. . |

According to a thifd aspect of the present
inventioﬁ, there is provided a method of production of an
optical device comprising a first optical portion made of
a first optical material and having a concavity and a
second optical portion éomprising a second optical
materigl having a refractive index different from that of

the first optical matérial, and inserted into the



5

10

15

20

25

.concavity, including: a step of forming a resist having a
hole in the flat—surface of the first optical portion
made of the first_optical material; a step of forming a
concavity corresponding to the hole in the first optical
portion by etching; a step of removing a resist from the
first optical portion with the concavity formed therein;
and a step of filling the second optical portion in the
concavity of the first optical portion from which the
resist is removed.

According to a fourth aépect of the present
invention, there is provided a method of production of an
optical'device comprising a first optical portion made of
a first optical material and having a concavity and a
second opticalnportion.cdmprising a second optical
material having a refractive index different from that of
the first optical ﬁaterial, and insert;d into the

_concavity, including: a'step of forming on a third
opgicai portioﬁ provided with a projection and having a
flat area around the projectidn the first optical portion
made of a layer of the first optical material burying the
projection, a step of flattening the surface §f the first
optical pdrtion to form a flat surface and béuding the
related flat surface to a third base:mhterial made of a
third optical ﬁaterial, a step of removing the third

optical portion from the first optical pdrtion bonded to
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the third base material to expose the concavity
reproducing the shape §f the projection in the first
optical portion, and a step of filling the second optical
portion in the conéavity of the exposed first optical
portion. |

According to a fifth aspect'of the preseﬁt
invention, there is provided a method for production of
an optical device wherein a second optical portion having
a refractive index different from a first optical
material is filled in a concavity of 5 firét optical
portioh made of the-first-optiéal material, comprisiﬁgz a
sﬁep of forming resist films having windows on
substantially flat first and second flat surfaces facing
each other of a first optical portion made of the first
optical material; a step of forming concavities

corresponding to the windows in the first and second flat

' surfaces of the first optical portion by etching; a step

of’femoving-the resist films from the first optical

- portion with the concavities formed therein; and a step

of filling the second optical portion in.the.concavities
of the first and second flat surfaces of the first
optical portion ffom which the resist films have been
rehoved.

According to a sixth'aspéct of the present

invention, there is provided a method for production of
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an opﬁical device wherein a secénd optical portion having
a refractive index different from a first optical
material is filléd in a concavity of a first optical
portion made of the first optical,material, comprising: a
stép of forming on a thiﬁd optical portion provided with
a first projection and having a flat area around the

first projection a first optical portion made of a layer

of the first optical material burying the first

projection; a step of forming on a fourth optical portion
provided with a second projection and having a flat area
around the second projectioq a third'optical portion made
of a layer of the first optical material burying the
second projection; a_s#ep of flattening the surface of
the first optical portion to form a flat surface and
bonding the related flat surface to a figst.flat surface
among facing first and second flat surfaces of a fifth
optiéal portion made of a third optical material; a step
of fléttening tﬁe surface.of the third optical portion to
form a flat surface and bonding the related flat surface
to the second flat surface of the fifth optical portion;
a step of removing the seéond'and fourth optical portions
from thé first and third optical portions bonded to the
fifth optical portion and exposin§ conéaviﬁies with the
shapes of the first and second projections transferred

thereto in the first and third optical_portions; and a
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stép of filling the second optical portion in the
cbncavities of the exposed first and third optical
portions. |

According to a seventh aspect of tﬁe present’
invention, there'is.provided an optical device,
comprising: a convex lens formed with a convex curved
face; and a first optical portion closely contacting the
convex curved faée of the convex lens, wheréin; the first
optiéal portion has first and second faces facing each
other, a concave curved face closely.contacting the
convex curved face being formed in the first face,.and a
hole communicating with the seéond face being formed from
a deep side of the concave curved face, and part of the
convex curved face §f the convex lens is e;posed in the
hole of the first optical portion.

According to a eighth aspect of.thé present

invention, there is provided an optical system comprising

first and second optical devices, wherein; the first

- optical device has a first convex lens formed with a

convex curved face and é first optical portion with the
convex curved facelof the first convex lens bonded
thereto; the first opticalfportion has first and second
faces facing each éther, a concave curved face closely

contacting the convex curved face being formed in the

first face, and a hole communicating with the second face
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being }ormed from a deep side of the concave curved face;
part of the convex curved face of the first convex lens
is exposed in the first hole of the first optical
portion; the second optical device has a second convex
lens with the convex curved face formed thereon and a
third optical portion with the convex curved face of the

second convex lens bonded thereto; and the third optical

portion has third and fou:tﬁ faces facing each other, a

concave curved,face:closely contaéting-the convex curved
face of the second convex lens being férmed in the third
face, and the first and second optical devices being
bonded so that the optical axes of the first and second
convex lenses coincide or suhstantially'coinqide‘
According to a ninth aspect of the pfesent

invention, there is provided a method for production of
an optical device having'a convex lens and a.first |
.optical portion closely contacting the convex curved face
of this convex lens, comprising: a step of using a
metallic mold formed witﬁ a prdjection projecting out.
into‘a cavity to mold a first optical portion formed with
a concavity reproducing the.shape of the projection; a
step of filling 5n optical materiai in the concavity of
the molded optical portion; a step of flattening thé
surface of the optical material filled in the concavity

to form the convex lens; and a step of forming a hole so
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that ﬁirt of the convex curved face closely contacting
the concavity in the convex lens is exposed in the first
optical portion..

According to a tenth aspect of the present
invention, there isiprovided a methodlfor production of
an optical device having a convex lens and a first
optical portion closely-contacting the convex curved face
of this convex lenms, comﬁriéing: a step of forming a
first resist film having é first window in the flat
su:face of the first optical portion; a step of forming a
concavity corresponding to the first window in the first
optical portion by etching; a step of removing the first
resist film from the first optical portion formed with
the concavity; a step of filling an optical material in
the condavity of the first optigal porgion from which the
first resist film is removed; a step of flattening the
surface of the optical material filled in the COncévity
to form ghe convex lens; and a step.of fqrming a hole
whereby'part of the convex curved face closély contacting
the concavity'in the convex lens is.exposed in the first
optical portion.

According to a eleventh éspect of the present

‘invention, there is provided a method for ptoduction of

an optical device having a convex lens and a first

optical portion closely contacting the convex curved face
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df thi; convex lens, comprising: a step of forming on a
third optical portion provided with a projection and
having a flat area around the projecﬁion a first optical
portion made of a layer burying the projection; a step
of flattening thé_surface of.the first optical portiom to
form a flat surface and bonding the related flat surface
to a third optical poftion; a step of removing the third
optical portion from the first optical portion bonded to
the third optical portion to expose the concavity with |
the shape of the projection transferred thereto in the
first optical portion; a step of filling an Optidal .
material in the exposed concavity of the first optical
portion; a step of flattening the surface of the optical
material fil}ed in the concavity to form the convex lens;
and a step of forming_holes_whéreby part of the convex
curved face closely contacting the concavity in the
_convex lens is exposed in the first and third optical
fortions.:

According to a twelfth aspect of'the present
invention, there islprovided an optical device obtained
by forming a concavity by S pin in optical material in a
ﬁolten state or softenéd state, hardening the optical
material with the related concavity formed therein, aﬁd
polishing or grinding a face where the concavity is

formed so fhat a hole of a front end of the concavity
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reméin; in a first optical portion obtained thereby.

According to.a thirteenth aspect of the present
invention, there is provided a metallic mold for
production of an optical device made of an optical
material, comprising a cavity into which an optical
matefjal in a molteh state or softened state is filled
and a pin for forming a concavity in the optical material
in the molten state or softened state in the cavity,
wherein the pin projects out into the cavity while
peneirating'through a wall of the caﬁity from the
outsidé.

According to a fourteenth aspect of the present
invention, there is provided a metallic mold for
production of an optiéal-device as set forth in glaim
119, wherein the hole of the front end of the concavity
has a spherical or subétantially spherical shape.

According to a fifteenth'aépect of the present
invention, thefe is provided a method for producing an
optical'device by using a metallic mold having a cavityl
into which én optical material in a molten state or
softened state is to be filled and a pin for forming a
concavity in the optical material in the molten state or
softened state in the cavity, wherein the.pin penettates
through the wall of the cavity from.the outside and

projects out into the cavity, comprising: a step of
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filling the optical matérial in the molten state or
softened state in the cavity to create a first optical
portion formed with the concavity by a simple molding;

and a step of polishing or grinding the face of the first

| optical portion where the concavity is formed so that a

hole of a front end of the éoncavity remains.
According to a sixteenth aspect of the present.

invention, there is provided a method for producing an

' optical device by using a metallic mold having a cavity

into which an optical material in a molten state or
softened state is to be filled and a pin for forming a
concaviﬁy in the optical material in the molten state or
sofﬁened state in the cavity, wherein the pin penetrates
through the wall of the cavity from the outside and

projects out into the cavity, comprising: a step of

_filling the optical material in the molten séate or

_softened state in the.cavity to create a first optical
portion formed-witﬁ the concavity by simple molding; a
step of filiing an-optical material having a refractive
index differen£ frpm—that of the first opficél'portion in
the concavity of the first'optical portion; and a step of
flatfening.the surface of the optical material filled in
the concavity to form a convex lens made of the related
6ptical material.

According to a seventeenth aspect of the present
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invenéion, there is provided A method of production of an
optical device, comprising: a.stép of forming a concavity
by a pin in an optical.material in a molten state or
softened state and a step of polishing or grinding the
face where the concavity is formed so that a hole of a
front end of thé.concavity remains in a first optical
portion obtainéd bf hardening thg optical material formed

with the related concavity.!

BRIEF DESCRIPTION O'FNTHE DRAWINGS

These and other objects and featutes of the pfesent
invention will become clearer from the following
description of the preferred embodiments given with
reference to the accompanying drawings, in which:

Fig. 1 is a sghematic view of the configuration of a
first embodiment of an optical device according to the
present invention;

Figs. ZA to 2C are schematic explanatory views of a
first embodiment of a method of productiﬁn of the first
optical device according to the present invention;

Figs. 3D and 3E are schematic explanatory views 6f
the first embodiment of the method of ptoduction of the
first optical device according to the'presegt invention
continued from Fig. 2c;.

Figs. 4A to 4E are schematic explanatory views of a
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seéénd-embodiment of the method_of production.of the
first optical device according to the present'invention;

Figs. 5F to 5H are schematic explanatory views of
the second embodiment of the method of production of the
first optical &evice according to the present invention
continued from Fig. 4E; |

Figs. 6A to 6D are schematic explanatory views of a
third embodiment of the method of production of the firs£
optical device according télthe present invention;

Figs. 7E to 7G are schematic expl&natory views of
the third embodiment Of.the method of production of the
firét optical device according to the preéent invention
continued from Fig. 6D;

Figs. 8A and 8B are schematic explanatory viewé of a
fourth embodimgnt of the metho& of proguctioh of the
first 6ptica1 device according to the present invention;

Figs. 9C to 9E are schematiq eiplanatory views of

the fourth embodiment of the method of production of the

first optical device according to the present invention

continued from Fig. 8B; -
'Figs. 10A to ;oc are séhematic.explanatory views of
a fifth embodiment of the method of production of the
first optical device according to the present inventién;
| Figs..llA and 11B are_échematic explanatqry view# of

a sixth embodiment of the method of production of the
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first Bptical devicelaccording to the present invention;
Fig. 12 is a schematic view of the configuration of
a first embodiment of an optical system using thé first
optical device according to the present invention;
Fig. 13 is a_schemétic view of the configuration of
a second embodiment of an opgical-system'using the first
optical device according to the present invention;
Fig. 14 is a schematicfview of the configuration of
a third_embodiﬁent of an 6ptica1 system using the first
opticai device according io the present invention;
Fig. 15 is a schematic view of the~configura£ioh of
a fourth embodiment of an optical system using the first
optical device-accofding to the present invention;
Fig. 16 is a schematic view of the configuration of
a fifth em@odiment of an oétical system using the first
optical devices according té the present invention;
i Fig. 17 is a schematic view of the configuration of
a-siith embodiment.of an optical system using the first
optical devices according to the.présent infention;
Fig. 18 is a schematic view bf the configuration of
a seventh embodiment éf an optical system using the first
optical devices according to the present invention;
Fig. 19 is a schematic view of the configurétion of
a first embodiment of an optical head usihg the first

optical device according to the present invention;
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f;g. 20 is a schematic view of the configuration of
an optical system-shown-in Fig. 19;

Fig. 21 is a schematic view of the configuration of
a second embodiment of an optical head using the first
optical device according té the present invention;

Fig. 22 is a schematic ?iew of the configurétion of
an optical system shown in Fig. 21;

Fig. 23 is a schematic:view of the configuration of
a third embodiment of an optical head using the first
optical device according to the present invention;
| Fig. 24 is A schematic view-of thg configuration of
a fourth embodiment of an optical head using the first
optical device according to the present invention;

Fig. 25 is a schematic view of the configuratioﬁ of
a second embodiment of an optical device according to the
present invention; |

Figs. 26A t§ 26C are-scﬁeﬁatic explanatory views of
a first embodiment of a method of production of the
sécoﬁd optical de#ice accordihg to the present invention;

Figs. 27D to 27E are schematic explanatory views of
the first embodiment of the method of production of the
sgcond optic#l device according to the present invention
continued from Fig. 26C; |

Figs. 28A to 28E are schematic exélanatory views of

a second embodiment of the method of production of the
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according to the present invention;

Figs. 29F to 29H are schematic explanatory views of.

the second embodiment of the method of production of the

second optical device

according to the present invention

continued from Fig. 28E;

Figs. 30A to 30D

are schematic explanatory views of

a third embodiment of £he method of production of the

second optical device

Figs. 31E to 31G

accor&ing to the present invention;

are schematic explanatory views of

the third embodiment of the method of production of the

second optical device

according to the present invention

continued from Fig. 30D;

Figs. 32A and 32B are schematic explanatory views of

a fourth embodiment of the method of production of the

second optical device
Figs. 33C to 33E
the fourth embodiment

second optical device

according to the present invention;

are schematic explanatory views of
of the method of production of the

according to the present invention

continued from Fig. 32B;

Figs. 34A to 34C

a fifth embodiment of

second optical device

~ Figs. 35A to 35B
a sixth embodiment of

second optical device

are schematic explanatory.views of
the method of production of the
according to the present invention;
are schematic explanatory views of
the method of production of the

according to the present invention;
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Fig. 36 is a schematic view of the configuration of
a third embodiment of an optical device according to the
present in?ention} |

Figé. 37F to 371 are schematic explénatory views of
the first embodiment of the method of production_of the
third optical device according to the present invention;

Figs. 38I to 38L are schematic explanatory views of
the second embodiment of thé method of production of the
third optical device. according to the preseht invention;

Figs. 39H to 39K.are schematic explanatory views of
the third émbodiment of the method of production of the
third optical dévice'according.to the present invention;

Figs. 40F to 401 are schematic explanatory views of
the fourth embodiment of the method of production of the
third optical device according to the present inventiéh;

Figs. 41D to 41G are schematic explanatory views of

- the fifth embodiment of the method of production of the

third oﬁtical dévicq according to the present invention;
‘Figs. 42A to 42C are schematic explanatory views of
a sixth embodiment of the method of production of the
ﬁhird optical device éccording to the present invention;
Figs. 43D to 43F are schematic explanatory views of
the sixth embodiment of the method of production of the
third opt1c31 device according to the present invention

continuing from Fig. 42C;
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.fig. 44 is a schematic view of the configuration of
a first emSOdimené of an optical system using the third
opfical device according to-the present invention;

Fig. 45 is a schematic view of the configuragibn of
a second embodiment of an optical system n#ing the third
optical devices according to the present iﬁvention;

Fig. 46 is a schematic view of the configuration of
a third embodiment of an opéicallsystem using the third
optical device'according.to the present invention;

Fig. 47 is a schematic view of the configuration of
a fourth embodiment of an optical system using the third
optical devices according to the present invention;

FiQ. 48 is a schematic view of the configuration of
a fiffh embodiment of an.optical system using the third
optical devices according to the present invention;

Fig@ 49 is a schematic view éf the configuration of’
_a sixth embodiment of an optiqal systém using the third
optical devices according tp the present invention;

Fig. So is a schematic view of the configuration of
a seventh embodim§nt of an.optical system using the third
optical devices according to the present invention;

Fig. 51 is a schematic view of the configuration of
an eighth embodiment of an opticél’system using the thirq
optical devices according to the present invention;

Fig. 52 is a schematic view of the configuration of
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a ninth embodiment of an optical system using the third
optical devices according to the present'invention;

Fig. 53 is a séhemagic view of the configuration of
an embodiment of an optical head using the third optical
device according to thé present invention;

Fig. 54 is a schematic view of the configuration of
an optical system shown in Fig. 53;

rig.'ss is a schematiczgxplanatory view of an
example of the confiéuration of an IC chip shown in Fig.
53 and the periphery thereof;

Fig. 56 is a schematic view of the configuratioﬁ of
an embodiment of a metallic mold for production of an
optical device according to the present invention;

Fig. 57 is a schematic partially enlarged view of a
projection of a metallic mold pin shown in Fig. 56;

Fig. 58 is an explanatory view of a molded article

_produced by the metallic mold for production of the

optical_device shown in Fig. 56;

Fig. 59 is an enlarged view of a concavity of a
moided article shown in Fig. 58 and the area around it;

Fig. 60 is a schematic view of the configuration of .
a forth embodiment of an optical device according to the
present invention;

Fig. 61 is an enlarged vieﬁ of a hqle of the forth

optical device shown in Fig. 60 and the area around it;
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Fig. 62 is an explanatory view of a state where a
-layer of an optical maierial is laminated on a bottom
face of the molded article shown in Fig. 58;

Fig. 63 is an enlarged view of the concavitf of the
molded article shown in Fig. 62 and the area around it;

Fig. 64 is an explanatory view of an optiCal device
produéed from the'm§1ded article shown in Fig. 62;

Fig, 65 is an enlargedfview of the hole of the
optical device.shOWn.in Fig. 64 and the area around it;

Fig. 66 is a view of the configuration of an optical
device obtained by polishi#g the bottom face of the
optical device shown in Figqg. 64 and Fig. 65;

Fig. 67 is a view of the configuration of an opﬁical
device obtained by pélishing the bottom face of the
optical device shown in Fig. 66;

Fig. 68 is an enlarged view of the hole of the
_optical device shown in fig. 67;

Figs. 69A and-695.are explanatory views of:a.
metallic mold pin; and

Fig. 70 is an explanatory view comparing shapes of
projections of the metélliC'mold pins shown in Figs; 69A

‘and 69B.

DESCRIPTION OF TﬁE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
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be explained by referring to the attached drawings.

First Embodiment of Ogtical Device (First Optical
Device) '

Figure 1 is a schematic view of a first embodiment

of an optical device éccording-to the present invention.
This optical.device 1100 has a parallelopiped or

approximately parallelopiped shape. The.optical device

1100 has a base (substrate)zliOI and a lens 1102.

The base 1101 and the lens 1102 of the optical
device-lldo_have different refractive indexes. Light can
be refracted at the boundary of the base 1101 and the
lens 1102. For example, when light is madé to enter an
upper face 1100U of the base 1101, the ligh£ emitted from
a bottom face 1100B can be converged (colle¢ted) or
scattered by the lens 1102 or can be changed.to a
parallel beam.

; The base 1101 has'a.rotationaily symmetric or
approximately rotationally symmetric concavity 1101B in
the bottom face of the base 1101. The shape of the
surface of the concavity 1101B when the concavity 1101B
is cut along its symmetric axis is preferably made an arc
or approximately an arc.

The concavity 1101B is filled with an optical
material having a refractive index different from the

base 1101. The lens 1102 is comprised by the concavity
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1101B filled with that éptical'material.

The bottom face of the lens 1102 is flat or
approximﬁtely fiat.and is parailel or approximétely
parallel to the upper face 1100U of the optical devicg.
1100 (or ﬁhe upper faée of the base 1101). Also, the flat
faces of the bottom face of the lens 1102 and the bottom
face of the base 1101 are parallel or approximately
parallel and are preferably:loéated'in the identical
plane. In Fig. 1, the flat faces of the bottcm.facg of
the lens 1102 and the bottom face of the base 1101
comprise the bottom face 1100B of the optical device
1100.

When the material of the base 1101 is made fbr
example quartz, and the matérial of the ;ens 1102 is made
for example silicon nitride, the lens 1102 has a larger
refractive index than ﬁhe.base 1101, so thé function of a
convex lens:can be imparted to the lens 1102.

Conversely, when thg material of the base 1101 is
made for example #iiiqon nitride, and the material of the
lens 1102 is made for example quartz, the lens 1102 has a
smaller refractivg.index than the base 1101, so the
function of a concave lens can be imparted to the lens
1102.

First Embodiment of Method of Prdduction of Pirst

_OQtical Device
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Figures 2A to 3E are schematic exblanatory vieﬁs of
a first embodiment of a method of production of the first
optical device according to the'present invention. ﬁy
this method of production, it is possible to obtain an
optical device having an identical structure or
approximately ideﬁtical'structure to the optical device
11100 of Fig. 1.

Figures 2A to Zc.showséa metallic mold 1003. This
metallic mold 1003 is formed with a passageway 1004
through which a liquid-like or fluid-like optical
material 1006L passes and a cavity 1003C. Also, a bottom
portion of the metallié mold 1003 is formed with a
projection 1005 préjéctihg out.into the cavity 1003C. The
area around the projection 1005 is flat.

The projection 1005 has an identigal shape to the

lens 1102 of the optical device 1100 of Fig. 1 and has a

* _rotationally symmetric or approximately rotationally

symhetric_shape.

" In Fig} 2B, the optiéal material 1006L is injected
into the cavity 1003cC from-ﬁhe passageway 1004 of the
metallic mold i003 to £fill the optical material 1006 in
the cavity 1003C. The optical.material 1006L. injected is
made for example molten éuartz, a plastic, a synthetic
resin, etc.

In Fig. 2C, the liquid-like optical material 1006L
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is made to hardened to a séli& optical material 1006M,
and.a base 1006 made of the optical material 1006M is
takeq opt from the metallic mold 1003. The concavity
1006B is formed with the shape of the projection 1005
5 | transferred to the botfom poftion of the base 1006 taken
out_from—the metailic mold 1003. The area around the
.'concavity 1006B of the base'1006 is flat. |

In Fig. 3D, an optical material 1007M is filled in

the concavity 1006B 6£ the bottom portion of the optical

10 material 1006. The optical material 1007M hés a
refracfive index different from the optical material
1006, preferably has a larger refractive index than the
optical material 1006, and is made silicon nitride as an
example.

15 For example, the optical material 1067M is filled in
the concavity 10068'of.the base 1006 by forming a layer
©1007 of the optical material 1007M on the bottom portion
of the base 1006 by sputtering or vapdr'deposition. in
this case, a concavity‘10078 corresponding to the

20 concavity 1006B is formed in the layer 1007.

.In Fig. 3E, the bottom face of the layer 1007 is
fiattened. For example, it is polished so that the
concavity 1007B of the bottoﬁ face of the layer 1007
disappears. Preferably, the bottom face of the layer 1007

25 is polished so that a flat face vertical with respect to
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the symmetry axis of the concavity 1006B of the base 1006
is formed. Alternatifely, the layer 1007 is polished so
that the flat face of'the area around the the concavity
1006B of the base 1006 ahd the bottom face of the layer
1007 become parallel or approximately parallel;

By polishing the layer 1007 so that the flat face at
the area around the concavitf 10068 of'the base 1006 is
exposed and furtﬁer polishiﬂg the upper face of the bﬁse
1066 so.as to become parallel or approximately parallel
with respeét to the flat face of the flattened layer
1007, it is possiﬁie to obtain aﬁ optical device having
the samé structure as that of the optical device 1100 of
Fig. 1. |

Since the bottom portion of the metallic mold 1003
has the projection 1005 pfojecting out into the cavity
1003C, the processing precision can be improved in

-coﬁparison with a case of forming a concavity sunk into
the cavity 1003C and forming a convex lens by simple
moldingi In this way, by using the metallic mold 1003, it
is possible to prepare a small sized convex lens having a
higﬁer processing precision than a convex lens obtained
by simple molding. |

Note that it is also péssible £o mold the lens by
using an upper mold and a lower mold in place of the

metallic mold shown in Figs. 2A and 2B. The proiection is
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formed at the bottom portion §f the lower mold, and the
area around the this.projectiqn is flat. This projection
is identical to the projection 1005 of Figs. 2 and 25.

First, by injecting an optical material (for example
a glass material) into the cavity between the upper mold
and the lower mold and simultaneously heating the glass
material, the lower mold, and the upper moid-to a
predetermined temperature, éhe gla#s magegial is
softened. Then, the softened glass material is pressed by
the upper mold.

Next, the glass material, the lower mold, and the
upper mold are cooled to cause ﬁhe glass material to
harden and the base 1006 is taken out from the metallic
mold#. Tﬁé concavity 1006B is formed.with the shape of

the projection at the bottom portion of the lower mold

transferred to the bottom portion of this base 1006 taken

out from the metallic molds.
In this way, it is also possible to obtain the base
1006 shown in Fig. 2C.

Second. Embodiment of Method of Production of First

Optical Device

Figures 4A to 5H are schematic explanatory views of
a second embodiment of the method of production of the

first optical device according to the present invention.

'By this method of production, it is possible to obtain an -
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optical device having the identical confiéuration_or.
approximately identical configuration to the optical
device 1100 of Fig. 1.
In Fig. 4A, a resist 1009 is formed on the flat face
of a silicon substrate 1008 - an example of.the base. The

size of the bottom face of.the resist 1009 is made

- identical or approximately identical to the size of the

bottom face of the lens 1102 in ?ig.ll.

In Fig. 43, the resist 1009 is used as a mask to
etch the surface of the silicén-suhstrate 1008 to form
the projection 1008U. The shape of.the projection 1008U
is‘identical to thé.shape of the lens 1102 and is.a
rotationally symmetric or approximately rotationally
symmetric shape. Fér the etching, use is made of for
example ion milling, RIE, or the like. Note that, in Fig..
4B, it is also possible to etch_ﬁtilizing_an undercut.

In Fig. 4C, an optical material 1010M is laminated
on the surface of the silicon sﬁbstrate 1008 where the
projection 1008U is forméd so as to bury the projection
1008V and thereby form a base made of a layer 1010 of the
optical material 1010M. It is also possible to form the
layer 1010 by for example sputtering or vapor deposition.

When the layer 1010 is formed on the silicon
substrate 1008, a projection 1010U corresponding to the

projection 1008U is formed on the upper face of the layer .
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1010.

In Fig. 4D, the upper face of the layer 1010 is
flattened. For example, it is polished so that the
projection 1010U of the upper face of the layer 1010
disappears. Preferably, the upper face of the layer 1010
is pdlished so that a flat face vertical with respect £o
the symmetry axi§ of the projection 1008U of the silicon
substrate 1008 is formed. Aiternatively, the layer 1oio
is polished so that the flat face at the area around the
projection 1008U of thg-silicdn substrate 1008 and the
upper face of the layer 1010 become parallel or
épproximately parallel. |

In Fig. 4E, the flat face of a base 1011 made of an
opéical material 1011M is ﬁonded to a flattened upper
face 10108 of the layer 1010. As the bonding method, for
example, it is possible to EOnd by a transparent adhesive

or possible to bond by anodic bonding. The optical

| material 1011M is preferably made the same material as

the optical material 1010&.

| In Fig. 5F,_the silicon substrate 1008 bonded to the
bottom face of the-layer-lOlQ of Fig. 4E is removed to
exposé the bottom face of the layer 1010. It is also.
possible to dissolve the silicon substrate 1008 by for
ex#mple an aqueous solution of poﬁassium hydroxide to

remove it.
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The shape of the projection.loosu of the silicon
substrate i008 is transferred to the bottom face of the
layer 1010, whereby a céncavity 1010B corresponding to
the projection 1008U is formed.

In Fig. 5G, the optical material 1007M is filled in
the concavity 1010B of the bottom face of the layer 1010.
The optical material 1007M has a refractive index
different from the optical ﬁaterial 1010M, preferably has
a larger refractive index than the optical material
1010M. Silicon nitride is used as an example.

For example, a layer 1007 of the optical material

'1007M is formed on the bottom face of the layer 1010 by

sputtering or vapor deposition to'fill the optical
material 1007M in the concavity 1010B of the layer 1010.
In this case, a concavity 1007B corresponding to the
concavity 10108 is formed in the layer 1007.

| In Fig. 5H, the bottoﬁ face of the layer 1007 is .

flattened. For example, it is polished so that the

concavity 1007B of the bottom face of the layer 1007

disappears. Preferably, the bottom face of the layer 1007
is polished sé that a flat face vertical with respect to
the.symmetry axis of the concavity 1010B of the layer

1010 is formed. Alternatively, the iayer.1007 is polished
so that the flat face at the area around the concavity

1010B of the layer 1010 and the bottom face of the Iayer
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1007 become parallel or approximately parallel.

- By polishing the layer 1007 so that the f;at face at
the area around the concavity 1010B of the layer 1010 is
exposed ﬁnﬁ further polishing the upper face of the base _

5 1011 so as to become paraliel or approximately parallel
with respect to the po1ished face of the layer 1007 or by
removing the base 11, it is possible to obtain an optical
device having an identical ;onfiguration or approximately
identical configuration to the optical device 1100 of

10 Fig. 1.
Third Embodiment of Method of Production of First
Optical Device '

Figﬁres 6A to 7G are schematic explanatory views of
a third embodiment of the method of production of the
15 first optical device according to the present invention.
By this method of production,-it is possible to obtain an
-optical.device having an identical configuration or
approximately identical configuratibn_to the optical
device 1100 of Fig. 1. |
20 | In Fig. 6A, a resist 1019 is formed at the flat face
of a silicon substrate 1018 - an example of the base. The
size of the bottom face of the resist 1019 is made
identical to £he size of the bottom face of the lens 1102
in Fig. 1. | |

25 In Fig. 6B, an optical material 1020M is laminated
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-.on the surface of the silicon substrate 1018 with the
reéist 1019 formed thereon to bury the resist 1019 and
thereby form a base made of a layer 1020 of the optical
material 1020M. It is also possible to form a layer 1020

5 of the optical material 1020M by for example sputtering
or vapor deposition. It is also possible to use for
example aluminum oxide as the optical material 1020M.

When the layer 1020'is‘formed_on the silicon
substrate 1018, a projection 1020U of a shape in

10 accordance with the resist 1019 is formed on the surface
of £he layer 1020.

In Fig. 6C, the upper face df the layer 1020 is
flattened. For example, it is-polished so that the'
projection 1020U of the upper face of the layer 1020

15 disappears. Preferably, the upper face of the layer 1020
is polished so that a flat face vertical with respect to

“the symmetry axis of the resist 1019 on the silicon
substrate 1018 is fbrmed. Alternatively, the layer 1020
is polished so that the flat face at the area around the

20 resist 1019 on the silicon substrate 1018 and the upper
face of the layer 1020 become p&rallel or approximately
parallél; |

In Fig. 6D, the flat face of a base 1021 made_of an
optical material 1021M is bonded to an upper face 1020s

25 of the layer 1020. As the bonding method, for example, it
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is also possible to bond by a transparent adhesive or
possible to bond by anodic bonding. The optical material
1021M is préferably made the same material as the optical
material 1020M.

- In Fig. 7E, the silicon substrate 1018 and the
resist 1019 bonded to the bottom face of the layer 1020
of Fig. 6D are removed to expose the bottom face of the
layer 1020. It is also possible.to:dissolve the silicon
substrate 1018 by for example an'aquéous solution of
pbtassium-hydroxide to remove it. It is also possible to

dissolve and remove the resist 1019 by for example a

resist use peeling solution or an organic solvent (for

example acetone).

The shape of the.resist 1019 is transferred to the
bottom face of the layer 1020, whereby a concavity 1020B
corresponding to the shape of the resist 1019 is formed.

In Fig. 7F, an optical material 1007M is filled in

the concavity 1020B of the bottom face of the layer 1020.

The;opticél material 1007M has a refractive index
different from the optical material 1020M, preferably has
a iarger refractive index than the optical material
1010M. Silicon nitride is used as an example.

For example, by forming # layer 1007 of the optical
materiél 1007M-on the bottom face of £ﬁe layer 1020 by

sputtering or vapor deposition, the optical material
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1007M‘is filled in the concavity 1020B of the layer 1020.
In this case, a concavity 10073 corresponding to the
concavity 1020B is formed in the layer 1007.

In Fig. 7G, the bottom face of the layer 1007 is
flattened. For example, it is polished So that the
concavity 1007B of the bottom face of the layer 1007
disappears. Preferably, the bottom face of the layér 1007
is polished so that a flat %ace'vgrtical with respect to
the symmetry axis of the concavity 1020B of the layer

1020 is formed. Alternatively, the layer 1007 is polished

so that the flat face at the area around the concavity

1020B of the léyer 1020 and the bottom face of the layer
1007 become parallel br approximately parallel.

By polishing the_layer-1067 so that the flat face at
the area_around'the conca#ity lozoﬁ-of.the'layer 1020 is
exposed and further polishing the upper face of the base
1021 so as to become parallel or appréximately parallel
wiﬁh respect to the polished face of the ;ayer 1007 or by .
removing the base 1021, if is possible to obtain an
optical device having an_identical configuration or
approximately identical configuration to the optical
device 1100 of Fig. 1. |

Fourth Embodiment of Method of Production of First

Optical Device

Figures 8A to 9E are schematic explanatory views of
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a fourth eﬁbodiment of the method of production of the
first optical device according to the present invention.
By this method of production, it is possible to obtain an
optical device having an identical configuration or
approximately identical configuration to the optical
device 1100 of Fig. 1.

In Fig. 8A, a resist 1029 is formed on the flat facq
of a base 1031 made of an oétical maferiél 1031M. The
optical material 1031M is made for-exaﬁple quartz.

A ci;cular or approximately circuléf hole 1029H is
formed in the resist 1029 on the base 1031. |

In Fié. 8B, the base 1031 with the resist 1029
formed thereon is immersed in an etching solution 1032
for a predeterﬁined time. The etching solution 1032 is -
cémprised-of for example a fluoric acid solution
corroding quartz.

By immersing the base 1031 in the etching éolution
1032 for a predetermined tiﬁe, the base 1031 is gradually
corroded from the hole 1029H of fhé resist 1029, and a
cqncavity 1131V is formed on the lower side of the hole
1029. The size of this-concavity 1131U is made identical
to the size of the lens 1102 in Fig. 1;

In Fig. 9C, the.base 1031 is taken out.from the
etchinj_solution 1032, and the resist 1029 is removed. It

is also possible to dissolve and remove the resist 1029
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by a resist use pee;ing solution or organic solvent (for
example acetone) etc. | |

In Fig. 9D, an optical material 1027M is filled in
the cbncavity 1131U of the upper face of the base 1031.
The optical material 1027M-has a refractive index
different from the optical material 1031M, preferably has
a larger refractive index than the optical material
1031M. Silicon nitride i# used és an example.

For example, by forming a layer 1027 of the optical
material 1027M on the upper face of the base 1031 by
sputtering or vapor deposition, the optical material
1027M is filled in ihe concavity 1131U of the base 1031.
In this case,'a.conéavity 1127U corresponding to the
concavity 1131U is formed in the layer 1027.

In Fig. 9E, the upper face of the layer 1027 is
flattened. For example, it is polished so that the
concavity 1127V of the upper face of the layer 1027
disappears. Preferably, the upper face of the layer 1027
is polished so that a flat face vertical with fespect to
the symmetry axis of the éoncavity 1131U of the base 1031
is formed. Altefnétively, the layer iOZf is polished so
that the flat face at the area around the concavity 1131v
of the base 1031 and the upper face éf the layer 1027
becoﬁe parallel or approximately parallel.

By polishing the layer 1027 so that the flat face at
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the area around the concavity 1131V of the base 1031 is
éxposed and further polishing the bottom féce of the base
1031 so as to become parallel or approximately parallel
with respect to the polished face of the layer 1027, it
is possible to obtain an optical device having an
identical configuration or app;oiimately identical
configuration to the optigal-device 1100 of Fig. 1.

Fifth Embodiment of Method of Production of First

Optical Device

Figures 10A to 10C are schematic explanatory views
of a fifth embodiment 6f the method of production of the
first optical device according to the preéent invention.
By this method of production; it is possihle to obtain an
optical devicé having an identical configuration or
approximately identica17configuration to the optical
device 1100 of Fig. 1.

In Fig. 10A, a base 1041 having a concavity 1141V is
shown,_rhe_concavity 1141U has a rotationally symmetric

6r-a§p:oximately rotationally symmeﬁric shape. The area

around the concavity 1141U in the base 1041 is flat. The

base 1041 is made of an optical material 1041M.
The size of the céncavity 1141U is identical to the

size of the lens 1102 in Fig. 1.

As this base 1041, use is made of for example the

‘base 1006 in Fig. 2C, the base 1011 with the layer 1010
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bonded thereto in Fig. 5F, the base 1021 with the layer
1020 bonded thereto in Fig. 7E; or the base 1031 in Figs.
9C to 9E.

In Fig. 10B, an optical material 1037M having a
refractive index different from the optical material
1041M is filled in the concavity 1141U of the upper face
of the base 1041. o

As an example, when-th; optical material 1041M is
not quartz, a gelaﬁed quartz is used as the optical
material 1037M and coated on the upper face of the base.
1041 to form a layer 1037 of the optical material 1037M
and fill the optical material 1037M in the concavity
1141U of the base 1041.

Then, the base 1041 with the optical material 1037M
filled in the concavity 1141U is heated tb cause the
optical material 1037M to cure.

In Fig. 10C, the upper face of the hardened layer.
1037 is flaftened.'ror example,-it is polished so that
any Suffacg roughness or undulation of the upper face of

the optical materia; 1037 disappears. Prefefably; the

~ upper face of the layer 1037 is polished so that a flat

face vertical with respect to the symmetry axis of the

- concavity 1141U of the base 1041 is formed.

Alternatively, the layer 1037 is polished so that the

flat face at the area around the doncavity 1141U of the
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base 1041 and the upper face of the layer 1037 become
parallel or approximately parallel. |

By polishing the layer 1037 so that the flat face at
the area around the concavity 1141U of the base 1041 is
exposed and further polishing the-hott@n face of the base
1041 so as to becaﬁé~parallel or approximately parallel
with respedt to the polished face of the layer 1037, it
is fossible to obtain an op;ical device having an
identicgl configuration or approximately identical
configuration to the opticéi device ;100 of Fig. 1.

Sixth Embodiment of Method.of Production of First
Ogtiéal Device

Figures 11A and 11B aré-schematic explanatory views
of a sixth embodi@ent of the method of productibn'of the
first optical dévice-according to the present invention.
By this method of production, it is possible to obtain an
optical device-haviﬁg an -identical coﬁfiguration or

approximately identical configuration to the optical

device 1100 of Fig. 1.

In Fig. 11a, a base.1051 having é concsvity 1151U is
shown. The concavity 1051 has a rotatiénally symmetric or
approximately rotationally symmetric shape. The area
around the concavity 1151U in the base 1051 is flat..The
base 1051'is made of an optical material 1051M.

The size of the céncavity 1151U is identical to the
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size of the lens 1102 in Fig. 1.
As this base 1051, use is made of for example the
base 1006 in Fig. 2C, the base 1011 with the layer 1010
bonded thereto in Fig. 5F, the base 1021 with the layer
1020 bonded thereto in Fig. 7E, or the base 1031 in Fig.
9. |
In Fig. 11B, a liquid-;ike optical material 1047M
having a refractive index different from the'optical
material 1051M is filled in the concavity 1151U of the
upper face of the base 1051. As the optical material
1047M, use is made of an optical liquid for example aﬁ
optical oil or liquid crystal. |
Then, a 1ayer 1048 made of an optical material 1048M
is formed on the upper face of the base 1051 to seal the
concavity 1151U filled with the optical material 1047M by
the layer 1048. In this way, tné liquid-like optical’
'mgterial 1047M can be filled in the concavity 1051U. The

layer';o48'can be formed as a film having a constant or

'approximately=constant thickness too. Note that by

polishing the bottom face of the base 1051, the base 1051

can be reduced to an intended thickness.

First Embodiment of Optical System using First
Optical Device

Figure 12 is a séhematic view of the configuration

of a first embodiment_oflan optical system using the
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first optical device according to the present invention.
| This optical system 1119 has.optical devices 100 and
110 having identical configurations and comprised by
stacking the opticél devices 100 and 110. Note that the
5 optical device 1100 is identical or approximately
identical to the optical device 1100 of Fig. 1, so the
.explanation thereof is appropriately omitted. .
| The optical device 1116 has a base 1111 and a lens
1112. The base 1111 is made.of an'optical haterial, The
_10' base 1111 and the lens 1112 have different refractive
indexes.

The base 1111 has a rotationally symmetric or
'approiimately rotationally symmetric concavity 1111B in
the bottom face of the base 111. The shape_of the surface

15 of the concavity 1111B when the conca#ity-lllln is cut
| along its symmetry axis is preferably made an arc or
- approximately an arc.

The' concavity 11113 1$,£111ed ﬁith én optical

material having a refractive index different from the
20 base 111. The lens 1112 is comprised by the concavity
1111B filled with the related optical material.

The bottom face of the lens 1112 is flat and is
parallel or approximately para11e1 to an upper face 1110U
of the éptical device 1110 (or_the:upper face of the base

25 '111). Also, the flat faces of the bottom face of the lens
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1112 and the bottcm face of the base 1111 are located in
the identical plane and comprise a bottom face 11108 of
the optical_dcvice 1110.
The base 111, lens 1112, upper face 1110U, and
5 bottom face 1110B of the opt#cal device 1110 cofrespond
to the base 101, lens 1102, upper face 1100U, and bottom
face 1100B of the optical device 1100.
The optical device-llld has a parallelopiped or
approximately parallelopiped shape. When light is ﬁade to
10 enter an upper face 1100U, theilight emitted from a
bottoc face IIOQB can be convetged (collected) or |
scattered by the leps 1102 or can be.changcd to a

parallel beam.

The bottom face 1100B of the optical device 1100 and

15 the upper face 1110U of the optical device 1110 are
bonded so that the optical axes of the lenses'lloz.and
" 1112 are located on the identical straight line or
approximately identical straight. line.
It is also possible to form the optical devices 100
20 and 110 in a plate-like or approximately plate-llke
shape. It is possible to stack the optical devices 100
and 110 while positioning them with a high prec;sxon._
For example, by adding positioning macks like the

marks for mask alignment used when semiconductor

25 integrated circuits are manufactured on the bases 101 and -
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111, it is possihle to use these marks to stack a
plurality of optical dévices with a high precision.
Also, by makiﬁg_the shapes of the optical devices
100 and 110 parallelepipeds or-approxiﬁately
parallélepibeds or plate-like or approxiﬁately plate-
like, it is possible to prevent inclination of (the
optical axes of).the lenses from-océurring when the

optical devices are stacked, the optical devices can be

- stacked while positioning them in the two-dimensiqnal

direction (vertical and lateral directions), and it is

possible to easily prepare the optical system 1119.

- Second Embodiment of Optical System using First
Optical Device

Figure 13 ié a schematic view of the configuration
of a second embodiment of an optical system uéing the
first optical device according to the present invention.
Note that the optical device-lldo in fig. 13 is identical
or approximately identical to thg-optical device 1100 of
Fig. 1, so the explanation thereof will be appropriately
omitted. |

This optical system 1129 hés optical devices 100 and
1120 and is coﬁprised by stackipg the optical.devices 100
and 1120.

The optical device 1120 has a base 1121 aﬁd a lens

1122. The base 1121 is made of an optical material. The
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base 1121 and the lens 1122 have different refractive
indexes.

The base 1121 has a rotationally symmetric or
approximately rotationally symmetric concavity 1121B in
the bottom face of the baselllzl. The.shaée of the
surface of the concaviéy 1121B when the concavity 11218
is cut along its symmetty axis is preferably made an arc
or approximately ag'arc.l | |

The concavity 11215 is filled with an optical
material having a refractive index different from the
base 1121. The lens 1122 is comprisedlby the concavity
1121B filled with the related optical material.

The bottom face of the lens 1122 is flat and is
parallel of approximately parallel to an upper face 1120U
of the_optical device'llzo (or the upper. face of the base
1121). Also, the flat faces of the bottom face of the
lens 1122 and the bottom face éf the base 1121 are
lbcated in ghe identical plaﬂe and comprise a bottom féce
1120B of the optical device 1120.

The-optical device 1120 has a parallelopiped or
approximatély'patallelopiped shape. When light is.made to
enter an upper'face 1120U, the light emitted from a |
bottom face 1120B can be converged (cdllected) or
Séattered by the lens.llzz or can be changed to a

parallel beam.
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The bbttom faceIILOOB of the optical device 1100 and
the upper‘face_llzbu of the optical device 1120 are
bonded so that the optical axes of the lenses 1102 and
1122 are located on the ideptiéal straight line or
approximately identicai straight liﬁe.

it is also possible to form the optical devices 100
and 1120 to be platé-like or approximately piate—like. It
is possible to stack the op;ical.devices 100 and 1120
while positioning them with a high precision.

Also, by making the shapes of the optical devices
100 and 1120'parallelopiped or approximately
parallelépiped or plate-like or approximately élate-like,
it is possible to prevent inclination of (the optical
axes of) the lenseé from'occﬁtring in the case where the

optical devices are stacked and it is possible to easily

prepare the optical system 1129.

Also, a-splid immersion lens (SIL) can be comprised
by the optical system 1129, and it is possible to obtain

a high numerical aperturé;

Third'Embodiment_of Optical System using First

Optical Device

Figure 14 is a schematic view of the configuration
of a third embodiment of an optical system using the
first optical device according to the present invention.

Note that, in an optical system 1129A of Fig. 14,



10

15

20

25

48

-

identical reference numerals are assignéd to identical
components as those of the optical system 1129 of Fig.
13. Explanations of the identical components will ﬁe
appropriately omitted.

This optical system 1129A is configured as the
optical system 1129 éf Fig. 13 without the base 1101.

This optical system 1129A hés a lens 1102 and an
optical device 1120 and is éamprised by stacking the lens
1102 on the optical device-llzo. The bottom face of the
lens 1102 contacts the upper face 1120U of the optical
device 1120. |

By comprising the optical system 1129A by the lens

1102 and the optical device 1120 in this way, the optical

'system 1129A can be reduced in size in comparison with

the optical sysﬁem 1129 of Fig. 13. also, a solid
immersion.lens (SIL) can be comprised by the optical
system 1129A. |

"It is possible to obtain the optical system 1129A of
Fig. 14 from the optical system 1129 of Fig. 13. |

For example,.when the material of the base 1101 of
the optical device iioo is quartz, the material of the
lens 1102 is gallium qitride, the material of the base
1121 of the optical device 1120 is aluminum.oxide, and |

the material of the lens 1122 is gallium nitride, it is

‘possible to immerse the optical system 1129 of Fig. 13 in -
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an etching solution_such as fluoric acid to dissolve and

remove the base 1101 and thus obtain the optical system

11292 of Fig. 14.

Also, it is possible to take out the lens 1102 from
the optical device 1100.

" For example, when the maﬁerial of the.lens 1162 is
gallium nitride and the material of the base 1101 is
quartz, it is possible to iﬁmerse the optical device 1160 _
in an etching solution of fluoric acid or the like to

-

diss&lve the base 1101 and'take.out'the lens 1102.

Fourth Embodiment of Optical System using First
OEticai Device

Figure 15 is a schematic view of the configuration
of a fourth embodiment of an optical system using the
first optical device according to the present invention.

Note that, in an optical system 1149 of Fig. 15,

- identical reference numerals are assigned to identical

components as those of the optical system 1129 of Fig.
13. Explanations of the identicai components will be
appropriately omitted.

This optical system 1149 has optical devices 1100,

- 1120, and 1140. The optical device 1100 is stacked upon

the optical device 1120, and the optical device 1140 is
stacked upon the optical device 1100.

The upper face of the optical device 1100 of the
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optical system 1129 and a bottom face 1140B of the
oﬁtical device 1140 are bonded so that the optical axes

of the lenses 1102, 1122, and 1142 of the optical devices

1100, 1120, and 1140 are located on the identical

straight line or approximately identical straight line.

The-éptical device 1140 has a base:1141 and the lens
1142. The base 1141 is made of an optical material. The
base 1141 and the lens 1142-have different.refraétive
indexes.

The base 1141 has a rotationally symmetric or

'approximatelf rotationaliy symmetric concavity 1141B in

the bottom face of the base 1141. The'shape of the
surface of the concavity-ll!ls when the cohcavity 1141B
is cut along its symmetry axis is preferably made an arc
or approximately an arc.

The concavity 1141B is filied with an optical

material having a refractive index different from the

~'base 1141. The lens 1142 is comprised by the concavity

1141B filled with the related optical material.

The boftom face of the lens 1142 is flat and is
parallel or approximately parallél to'anlupper face 1140U
of-thg optical device 1140 (or the upper face of the base
1141). Also, the flat faces of the bottom face of the
lens 1142 and the bottom face of the base 1141 are

located in the identical plane and comprise a bottom face
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 1140B of the optical device 1140.

The optical device 1140 has a parallelopiped or
approximately parallelopiped shape. When light is made to
enter an upper face 1140U, the 1ight emitted from a
bottom face 1140B can be con#erged (collected) or
scattered by the lens 1142 or can be changed to a
parallei beam. |

This optical.devicelliéo has the function of the
collimator lens and changes-the laser beam from a
semiconductor laser 1060 to a parallel beam and Suppliesh
the same to the optical device 1100. |

The optical systém 1129 has the optical devices 1100
and 1120. By the combination of the optical devices 1160
and 1120, a high numerical aper£ure-NA-can be obtained,
and a soli@'immersion.lens (SIL) can be comprised. By
enlarging the refréctive index of the lens 1122, the
numerical aperture NA of the optical system 1129 can be
made higher.

" In the oéticai devices 1100, 1120, and 1140, the
lenses 1102, 1122, and 1142 are formed by utilizing the
concavities of the bases 1101, 1121, and 1141, so the
range of selection of the materials of the lenses 1102,
1122 and 1142 can be enlarged, and optical materials
haviﬁg large refractive_indexes can be used as the

materials of the lenses 1102, 1122, and 1142.
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The parallel beam from the optical device 1140

- passes through the.lenses 1102 énd 1122 and is emitted

from the bottom face of the lens 1122. The emitted beam
is focused on a recording surface_of an optical disc 1080
to irradiate the reéording surface.

Note that, by rounding the edges of the bottom face
of the optiqal device 1120 (face facing the optical disc

1080), it is possible to reduce collisions with and/or

.shock to the surface of the opticél disc 1080.

Fifth Embodiment of 02£ica1 System using First
Optical Device

Figure 16 is a-séhemaﬁic view of the.confiéuration
of a fifth embodiment of an optical syséem using ﬁhe
first optical devices according to the present invention.
Noté that, in an optical sfstem 1149A of Fig. 16,
identical reference numerals are assigned to identical

componénts as those of the optical system 1149 of Fig.

15, Explanétibns of the identical components will be

appropriately oﬁitted.

This optical system 1149A is configured as the |
éptical system 1149 of Fié. 15 without the base 1141.

The optical system 1149A has the optical devices 100

and 1120 and the lens 1142. The optical device 1100 is

stacked upon the-opfical device 1120, and the lens 1142

is stacked upon the optical device 1100. The optical
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devices 100 and 1#20 and the lens 1142 are bonded so that
the optical axes of the lenses 1102 and 1122 of the
optical devices 100 and'1120'aﬁd the lens 1142 are
located on the identical straight line or approximately
identical straight line.

The lens 1142 comprises a collimator leps.and
changes the laser beam from a semiconduetor laser 1060 to-
a parallel beam and supplies the same to the optical
deviée 1100.

The parallel beam from ﬁhe lens 1142 passes through:
the lenses 1102 and 1122 and is emitted from the bottom
face of the lens 1122. The emitted beam is focused on the
recording suréacé of an optical disc 1080 to irradiate
the related recording'surface.

By comprising.the-qptical system 1149A bf the
optical devices 100 and 1120 and the lens 1142 in this
way, the optical system 1149A can be reduced in size in
comparisoq'with the optical éystem 1149 of Fig. 15. Note
that a disiance between'thé lgns 1142 and the |
semiconductor laser 1060 can be adjusted by the shape.and

thickness of the lens 1142.

Sixth Embodiment of'OQtical System using First
Optical ngice '

Figure 17 is a schematic view of the configuration

'of a sixth embodiment of an optical system using the
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first optical device according to the present invention.
Note that, in an optical system 1159 of Fig. 17,
identicél refefence numérals are assigned to identical
components as those of the optical system 1149 of Fig.
15. Explanations of the identical components will be
appropriately omitted.

This optical system 1159_is configured asithe
optical system 1149 of Fig.uls with an optical device
1150 inserted as a beam splitter between the 6ptica1
devices 100 and 1140.

The optical system 1159 has optical devices 1100,

1120, 1140, and 150. The optical device 1100 is stacked

upon the optical device 1120, the optical device 1150 is
Stacked upon the.opﬁicai device 1100,'and the optical
device 1140 is-stacked upon the optical device 1150. The
optical devices 1100, 1120, 1140, and 150.are bonded so
that the optical axes of the lenses 1102, 1122, and 1142
of the 6ptica1 devices 1100, 1120. énd 1140 are located
on.the—identical straight line or approximately identical
straight line. o

The optical device 1150 locﬁted between the optical
devices 100 and 1140 has the function of a beam splitter.
A film which is semi-transpérent (semi-transparent film)
152 is located between the lenses 1102 and 1142.

This semi-transparent film 152 passes the parallel
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beam from (the lens 1142 of)_the optical device 1140
therethrough and reflects a returned beam from (the iens
1102 of) the optical system 1129.

The optical device 1146 has the function of a
collimator lens. It changes the laser beam from a
semiconductor laéer 1060 to a parallel beam and.supplies
this parailel beam via the optical device 1150 to the
optical deéiée 1100 in the ;ptical syéteﬁ-llZS.

The optical system 1129 emits the parallel beam from
the optical device 1150 through the lenses 1102 and 1122
from the bottom face of the lens 1122 and focuses the
emitted beam on.the-recording surface of the optical disc
1080 to irradiate the-relatgd recording surface. Also,
the optical system.1129 supplies the reflected laser beam
(returned léser beam) reflected at (the recording surface
of) the 6ptica1 disc 1080 to £he optical device 1150.

By interposing the optical devicé 1150 as a beam
splittér between the optical device 1140 and the optical
system“1129,-it'is-possible_to take out thé reflected
iaser beam reflected at fhe~o§tica1 disc 1080 from the

side face of the optical device 1150.

Seventh_Embodiment of Optical System using First
Optical Device

Figure 18 is a schematic view of the configuration

of a seventh embodiment of an optical system using the
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first optical devices according to the present invention.
Note that,.in an optical system 1159A of Fig. 18,
identical reference numerals are assigned to identical
éomponents as those of the optical system 1159 of Fig.
17.'Exp1anations of the‘identical components will be
appropriately omitted.

This optical system 1159A is configured as the

‘optical system 1159 of Fig. 17 without the base 1141.

The optical system 1159A has the optical devices

1100, 1120, and 150 and the lens 1142. The optical device

1100 is stacked upon the optical device 1120, the optical

device 1150 is stacked upon the optical device 1100, and
the lens 1142 is stacked upon the optical device 1150.

The optical devices 1100, 1120, and 150 and the lens
1142 are. bonded so that the 6ptica1 axés.of the lenses
1102 and 1122 of the optical devices 100 and 1120 and the
lens 1142 are located on the identical straight line or
approﬁihately identical stfaight line.

The lens 1142 comprises a collimator lens. It
changes the lasér beam from é semiconductor laser 1060 to
a parallel beam and supplies this parallel beam via the
opﬁical device 1150 to the optical device 1100.

The parallel beam from.the lens 1142 passes through
the lenses 1102 and 1122 and is emitted from the bottom

face of the lens 1122. The emitted beam is focused on the -
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recérding sutfaée'of the optical disc 1080 to irradiate
the related recording surface. Also, the optical system
1129 supplies the reflected laser beam (retirned laser
beam) reflected at (the recording surfacé of) the optical
disc 1080 to the opﬁical device 1150.

By comprising the-bptiéal system 1159A by the
optical devices 1100, 1120, and 150 and the lens 1142 in
this way, the opﬁical-systeﬁ 1159A can be reduced in size
in comparison with the optical system 1159 of Fig. 17.

First Embodiment of Optical Head using First Optical

Device

'Figure‘19 is a schematic view of the configuration
of a first emﬁodiment of an optical head using the first
optical.device~according to the present invention.

This optical head 1500 has an optical system 1329
andia mirror 1061. A flying-head‘is comprised by a swing
arm-losz/and a su#pehsion 1063.

The optical system 1329 has optical devices 1300 and
1320. The optical device 1300 is stacked upon the optical

device 1320. This optical system 1329 comprises a slider.

The bottom face 1320B of the optical device 1320 of the

optical system 1329 and the surface of the optical disc
1080 face each other. The bottom face 1320B of the
optical device 1320 comprises a slider face.

In this way, there is an advantage that the optical
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system 1329 can be used for the slider of the optical

head 1500 as it is.

A mirror 1061 is attached to the upper face of the
swing arm 1062. The suspension 1063 is attached to the
bottom face of the swing arm 1063, or the suspension 1063
is formed.

Also, a through hole 1062H for allowiﬁg the
reflected beam of the mirror 1061 to pass therethrough is
formed in the swing arm 1062. |

The optigal system 1329 is attadhed to the front end
of the suspension 1063.

The mirror 1061 is supplied with the laser beam éf
the parallel beam from tﬁeﬂbase side of the swing arm
1062, reflects the supplied laser beam, and supplies the
same via the through hole 1062H to the optical system
1329.

The-opticai system 1329 collects the laser.beam from

the mirror 1061 by using lenses 1302 and 1322 and focuses

it on the recording surface of the optical disc 1080.

Also, the optical system 1329 returns the laser beam
reflected at the recérding surface of the optical disc
1080 (returned laser beam) via the through hole 1062H to
the mirror 1061. |

The mirror 1061_ref1edts the returned laser beam

from the optical system 1329 and returns it to the base
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side of the swing érm 1062.

Figure 20 is a schematic view of the configuration
of the opticél system 1329 in Fig. 19.

The optical device 1300 has a base.1301 and the lens
1302. The base 1301.is made of an optical material. The
base 1301 and the lens 1302 are different in refractive
index.

Thé.base 1301 has a rotationélly symmetric or
approximately rotationally symmetric concavity 1301B in
the bottom face of the basé 1301. The shape of the
surface of the concafity-13013 when the concavity 1301B
is cut along its symmetry axis is prefefabiy made an arc
or approximately an arc.

The concavity 13618-15 filled with an optical

material having a refractive index different from the

'base 1301. The lens 1302 is comprised by the concavity

13018 filled with the related optical material.
The bottom face of the lens 1302 is flat and is

parallel or approximately parallel to an upper face 1300U

of the optical device 1300 (or the upper face of the base

1301). Also, the flat faces of the bottom face of the
1ens-1362 and the bottom face 6f the base 1301 are
located in the identical plane and comprise a bottom face

1300B of the optical device 1300.

The optical device 1300 exhibits a parallelopiped or



60

apérokimately parallelopiped shape. When light enters the
upper face 1300U, the beam emitted from the bottom face
1300B can be converged (colledte@) by the lens 1302.

The 6ptica1 device 1320 has a base 1321 and the lens
1322. The base 1szi is made of an optical material. The
base 1321 and the lens 1322 are different in refractive
index.

The base iazi has a ro;ationally symmetric or
approximately rotationally symmetric cohcavity 1321B in
the bottom face of.the basel1321. The shape of the- |
surféce of the_concavitf 13218 when the concavity 1321B
is cut along its symmetry axis is preferably made an arc
or approximately-an arc..

The concavity 1321B is filléd with an optical
material having a refractive index different from the
base 1321. The lens 1322 is comprised of the concavity
1321B filled with the related opticalimaterial.

‘The bottom face of the léﬁs 1322 is flat and is
-parallel or approximately pérallel £o an upper face 1320U
of the optical device 1320 (or thé upper face of the base
1321). Also, the flat faces of the bottom face of the
lens 1322 and the bottom face of the base 1321 are
located in the identical plane and comprise thé bottom
face 1320B of the opﬁical device 1320.

The optical device 1320 exhibits a parallelopiped or
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approximately parallélopiped shape. When light enters the
upper face 1320U, the beam emitfed from the bottom face
1320B can be convetged (collected) by the lens 1322.

The bottom face 1300B of the optical device 1300 and
the upper face 1320U of the optical device 1320 are
bohded so that the optica1 axes of the lenses 1302 and
1322 are located on the identical straight line or
approximately identical str;ight line.

~ Note that, by rounding the édges of the bottoﬁ face
(féce facing the optical disc 1080) 1320B of the optical
device 1320, it is pqssible to reduce collisions with
and/or impact to the-sﬁrface of the optical disé 1080.

The optical system 1329 of the optical head 1500
desirably has a large rigidity and/o; hardness. By.
forming the base 1321 of the opticai device 1320 by
aluminum oxide, the rigidity and/or har&ness éan be
increased. |

A-high.nuﬁerical aperture can be obtained by the
optical system-1329. By comprising a solid immersion lens

(SIL) by the optical system 1329 and using the related

.optical sysﬁem 1329 in the near field region, it is

possible to perform near field optical recording and/or
reproduction and it is possible-to improve a recording
density of the optical disc.

It is also possible to form rails for floating the
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optiéal system 1329 as the slider on the bottom face
1320ﬁ of the opﬁical device 1320.

It is also possible to form a coil generating a
magnetic field (or a magnetic flux) at the time of optoé
magnetic recording when the optical disc 1080 is an opto-
magnetic disc.

It is also possible to.eésily prepare the rails
and/or coil of the bottom face 1320B bf the optical
device 1320 by forming tﬁe oﬁtical device 1320 in a
parallelopiped or'approiimately para;leiopiped or plate-=
like or aéproximately plate-like shape by utilizing a
semiconductor manufacturing proéess;
| As an éxample, the size of the optical system 1329
in a lateral direction is made about 1 mm, the size in a
vertical direction is made about 0.5 mm, and the size in
a height direction is made about 0.4 mm.

As an eiample, the size of the optical device 1300
in the height direction-is made about 0.3 mm, and the
size of.the optical device 1320 in the height direction
is made about 0.13 mm. "

As an example, a diamefer-éf the bottom face (or the
flat face) of.the lens 1302 is made about 0.2 mm, and the
diameter of the bottom face (or the flat.face) of the

lens 1322 is made about 0.1 mm.

Second Embodiment of Optical Head using First
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Optical Device

Figure 21 is a schematic view of the configuration
of a second embodiment of an optical head using the first
optical device according to the present invention. Note |

5 that, identical reference numerals are assigned to

| 1dent1ca1 components as those of the optical head 1500 of

Fig. 19 and the optical system 1329 of Fig. 20.
'Explanations of the identical components will be
appropriately omitted.

10 This optical head 1500A is configured as the optical

| head 1560 of Fig. 19 without the base 1301 and.with en

optical system 1329A.attached.to the suspension 1063.

The optical head 1500A has an optical system 1329a

and a mirror 1061. A flying head is comprised by the
15 swing arm 1062 and the suspension 1063.
Tne'optical-system-13293.15 configured as the
- optical system_1329 of Fig. 19 and Fig. 20 with the base
1301 is removed.
This optical sjstem 1329A has an optical device 1320
20 and a lens 1362.'The lens 1302 is stacked upon.the'
optical device 1320. Also, the optical.systems1329A
compsiseS-a slider, the bottom faee 1320B of the optieal
device 1320 of the'optical system 13293 and the surface
of the optical disc 1080 face each other, and the bottom

25 ‘face 1320B of the optical device 1320 comprises a slider
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face.

The mirror 1061 is attached to the upper féce of the
swing arm 1062. The suspension 1063 is attached to the
bottom face of the swing arm, or the suspension 1063 is
formed.

Also, a through hole 1062H thfoughfwhich the
reflected beam of the mirro; 1061 may pass is formed in
the swing arm 1062. | | | | |

The optical device 1320 of the optical system 1329A
is attached to the front end of thé suspension 1063. |

The mirror 1061 is supplied with the-léser beam of

the parallel beam from the base side of the swihg arm

.1062, reflects the supplied laser beam, and supplies the

same via the through hole 1062H to the optical system

1329a.

The optical system 1329A collecﬁs.the laser beam
from the mirror 1061 by using the lenses 1302 and 1322
and focuses it on the recording surface of the optical
disc 1080. Also, the optical system.1329§ returns the
laser'beamireflected.at the recordiﬁg surface of the
optical disc 1080 (returned laser beam) via the through
hole 1062H to the mirror 1061. | |

The mirror 1061 reflects the.retu:ned laser beam
from the optical system 1329A and returns it to the baée

side of the swing arm 1062.
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'Figure 22 is a schematié view of the configuration
of the optical system 1329A in Fig. 21.

The'upper face of the lens 1302 exhibits a
rotationally symmetric or approximately rotationally
symmetric curved shape.

The bottom face of the lens 1302 is flat and is
bonded to the upper face 13?00 of the optical device 1320
(or the upper face of the b#se 1321).

The lens 1302 and the optical device 1320 are bonded
so that the optical axes of the lenses 1302 and 1322iare:
located on the identical straight line or approximately
identical sgraight line. Note that, by rounding the edges

of the bottom face (face facing the optical disc 1080)

1320B of the optical device 1320, it is possible to

reduce collision with and/or impact to the surface of the

optical disc 1080.

Third Embodiment of Optical Head using First OQtiéal

Device

Figure 23 is a schematic view of the'configuraﬁion
of ﬁ third embodiment of an optical head using the first
optical device according to the present igvention.

This optica1 head 1600 has an optical syétem 1329,
an IC ghip-1074, a prisml1075. and an.optical device
1340. A flying head is comprised by a swing arm 1072 and

a suspension 1073.
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The optical system 1329 has the optical devices 1300
and 1320. The optical device 1300 is stacked upon the
optical device 1320. This optical system 1329 comprises a

slider, the bottom face 1320B of the optical device 1320

- of the optical system 1329 ‘and the surface of the optical

disc 1080 face each other, and the bottom-face 1320B of
the optical device 1320'qomprises the slider face.

The optical system.1326 has an identical
configuration to the'pptical system 1329 shown'in Fig..19
and Fig. 20. Explanations théreof will be appropriately-
omitted. |

The suspension 1073 is attached to the bottom face
of the swing arm 1072, or the suspension 1073 is formed.

Also, the upper face.oi the IC chip 1074 is bonded
to the front end of the bottom face of the swing arm
1072, and a not illuétrated signal line and power supply
line aréidisposed along the swing arm 1072. Electric
power can be supplied to the IC chip 1074 by the power
supply.line,_while an output signal of the IC chip 1074
can be taken out ana a'signal can be Supplied to the IC
chip 1074 by the signal line. |

The upper face of ﬁhe érism 1075 and the uppef face

of a seat 1076 are bonded to the bottom face of the IC

chip 1074.

The upper face of the optical device 1340 is bonded
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tb the-bottom face of the prism 1075.

An optical fiber 1071 is bonded to the bottom face
of the seat 1076. For example, a V-shaped groove is
formed in the boﬁtqm'face of the seat 1076, and the

optical fiber 1071 is bonded by the adhesive so that the

- optical fiber is inserted in the V-shaped groove. Note

that, the séat 1076 is desirably made of an identical
material to that for the IC :chip 1074.

_ Thefopticai'system 1329 is attached to the front end
of the suspension 10%3. _

The optical device 1340 has a base 1341 and a lens
1342. The base 1341 is ﬁadg of an optical material. The
base 1341 and the lens 1342 are different in refractive
index. |

| The base 1341 hﬁs # rotationally symmetric or
approximately rotationally symmetric concavity in the
bottom f&ce of the base 1341. The shape of the surface of

the concavity when the concavity is cut along its

symhetry axis is preferably made an arc or approximately

an arc. The concavity is filled with an optical material

- having a refractive index different from the base 1341.

The lens 1342 is comprised by the concavity filled with
the related optical material. |
The bottom face of the lens 1342 is flat and is

parallel or approximately parallel to an upper face 1340U
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of the opticﬁl device 1340 (or the upper face of the base

1341). Aléé, the flat faces of the bottom face of the

lens 1342 and the bottom face of the baée 1341 are

located in the identical.plane and comprise a bottom face
5 1340B of the optical defice'1340.

The optical device 1340 exhibits a parallelopiped or
approximately parallelopipe@'shape. When light enters the
upper face 1340U, the beam emitted from the bottom face
13408 of the optical'device'1340 can be changed to a

10 - parallel beam by the léns 1342.

The inclined face of the prism 1075 reflects the
laser beam output from the optical fiber 1071 and
suppligs the same to the optical device 1340.

_ The optical device 1340 changes the laser beam-from
15 the prxsm 1075 to a parallel beam and supplies the same

to the optical system 1329.

- The optical system 1329 collects the laser beam from
the. optical device 1340 by using the lenses 1302 and 1322
and focuses it to the recording surface of.the optical
20 disc 1080. Also, the optical system 1329 returns the
laser beam reflecged at the recording surface of the'
optical disc 1080 (returned laser beam) via the optical
device 1340 to the'prism 107S.
The prism 1075 passes the returned laser beam from

25 the optical system 1329 theréthrough and supplies the
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same to thé IC chip 1074.

The IC chip 1074 is an optical semiconductor
composite device. A photo-detector and a processing
circuit are formed on the bottom face of the IC chip
1074, or the photo-detector and the processing circuit
are attached.

The.photo-dgtector'receives the returned laser beam
and supplies a ieception liéht signél in accordance with
the returned laser beam to the pr§cessing circuit.

The processing circuit performs the predetermined
processing based on the réceptionslight-Signal from the
photo-detector and creates a signal indicating the result
of the pfocessing..This signal can be taken out from the

signal line connected to the IC chip 1074.

Fourth Embodiment of Optical Head using First
Optical Device

- - Figure 24 is a schematic view of the configuration
of a fourth embodiment of an optical head using the first
_oétiéal device according to the present invention. Note
that, identical refefence numerals are assigned to
identical components #s tﬁose-of the opticai head 1600 of
Fig. 23 ahd the optical system;1329n of Fig. 21 and Fig.
22. Explanations of the identical components will be
appropriately omitted.

This optical head 1600A is configured as the op£ica1
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~ head 1600 of Fig. 23 without the base 1301 and with the

optical system 1329A attached to the suspension 1073.

The optical head 1600A has the optical system 1329a,
IC chip 1074, prism 1075, and the optical device 1340. A
flying head is éampfised by the swing arm 1072 and the
suspension 1073. |

The optical system 1329A has an identical

configuration to the optical system 1329A of Fig. 21 and

Fig. 22. The optical device 1320 of the optical system
1329A is attached to the-front end of the suspension
1073.

The inclined face of the prism 1075 reflects the
laser beam output from the opticai fiber 1071 and
supplies the same to the optical device 1340.

.The optical device 1340 changes the laser beam from
the prism 1075_£o a parallel beam and supplies the same
to the optical system 1329A. | | |

The optica1 systeﬁ.1329a collects the laser beam
from the optical device 1340 by using the lenses 1362 and
1322 and focuses it on_ﬁhe recording surface of the
optical disc i080. Also, the optical system 1329A returns
the laser'beam reflected at the recording surface of thé
optical disc 1080 (returned lasef beam) via the optical
device 1340 to the prism 1075.

The prism 1075 passes the returned laser beam from
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the. optical system 1329A therethrough and supplies the

same to the IC chip 1074.

Second Embodiment of Optical Device (Second Optical
Device)

Figure 25 is a schematic view of the configuration
of an embodiment of a second optical device according to
the present invention.

This optical device zibolhas a parallelopiped or
approximately parallelopiped shape. The optical device
2100 has a base (substrate) 2101 and lenses 2102 and
2103.

The base 2101 and the lenses 2102 and 2103 of the
optical device 2100 have different refractive indexes.
Light can be refracted at boundéries of the base 2101 and
the lenses 2102 and 2103. For example, when light enters
the flat face of the lens 2103, a beam emitted from the

flat,face of the lens 2102 can be converged (collected)

-or scattered or can be changed to a parallel beam.

The base 2101 has a rotatiénally symmetric or
approximateiy rétationaliy symmetric concaviﬁy 2101B in a
lower face 2100B of the base 2101. The shépe of the
surface of the concavity 2101B when the concavity 2101B
is.cut along iﬁs symmetry axis is preferably made an arc
or approxi@atély an arc.

The concavity 2101B is filled with an optical
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material having a refractive index different from the

base 2101. The lens 2102 is comprised by the concavity
2101B filled with the related optical material.

Also, a convex curved face of the lens 2102:tight1y
contacts the sufface of the concavity 2101B of the base
2101.

The lower face of the lens 2102 is flat or
approximately flat and is pérallel or approximately
parailel to an upper face of the optical device 2100 (or
an upper face.zloou of the 5ase_2101). Also, the lower
face of the lens 2102 and the flét portion 2101C of the
lowér face 2100B of the base 2101 are parallel or
approximately parallel and located in an identical plane -
in Fig. 1.

The base 2101 has a rotationally symmetric or

.approximately rotationally symmetric concavity 2101D in

an upper face 2100U of the base 2101f The shape of the -
surface_of the concavity 2101D when the concavity 2101D
is cut along its symmetry axis is preferably made an aré
or approximately an arc.

The concavity 2101D is filled with an optical
material having a refractive index different from the

base 2101. The lens 2103 is comprised by the concavity

- 2101D filled with the related optical material.

Also, the convex curved face of the lens 2103
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tightly contacts.the sufface of tﬁe COQCavity 2101D of
the base 2101.

The upper face of the lens 2103 is flat or
approximately flat and is parallel or approximately

parallel to the lower face of.the optical device 2100 (or

‘the lower face 2100B of the base 2101). Also, the upper

face of the lens 2103 and a flat portion 2101E of the
upper face 2100U of the bas; 2101 are parallel or |
approximately parallel, and located in an identical pléne'
in Fig. 1. .

The symmetry axes of.the concavities.zloln and 2101D
of the base 2101 are located on the identical straight
line or approximately identical straight line. Contrary
to this, the optical axes of the lenses 2102 and 2103 are

located on the identical straight line or approximately

identical straight line. The lenses 2102 and 2103 are

preferably given'idéntical 6r'approximately the same
sizes. | |

: Wheﬁzthe.material of the base 2101 is made-for
example qﬁartz and the-haterial of the lenses 2102 and
2103 is made for example silicon nitride,_the lenses 2102

and 2103 have Iarger refractive indexes than the base

2101, so a function of a convex lens can be imparted to

thg lenses 2102 and 2103.

Conversely, when the material of the base 2101 is
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made for example silicon nitride and the material of the
lenses 2102 and 2103 is made for example quartz, the
lenses 2162 and 2103 have smaller refractive indexes than
the base 2101, so.the function of a céncaye lens can'be
imparted to the lenses 2102 and 2103.

First Embodiment of Method of Production of Second

Optical Device

Figures 26A to 27E are schematic expianatory views

of a first embodiment of the method of production qf the
second optical device according to the present invention.
By-this method of production, it is possible t§ obtain an
optical device"having-an.identical structure or
approximately idenﬁical_struéture'to the opfical device
2100 of Fig. 1.

Figure 26A shows.a metallic mold 2003. In this

metallic mold 2003, a'passageway 2004 for passing a

“liquid-like or fluid-like optical material 2006L and a

cavity 2003C are formed. Also, in thetéavity 2003C of thé
metailic.mold 2003, a loﬁer inner wall and an upper inner
wall face each other, a projection 2005 projecting out
into the cavity 2003C is formed on the lower inner wall,
a projection 2005A brojecting out into the cavity 2003C
is formed on tﬁe upﬁer inner wall, and the'areas around
the projections 5005 and 2005A are flat.

The projection 2005 has an identical or
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approximately identical shape to the lens 2102 of the
optical device 2100 of Fig. 25 and has a rotationally
symmetric or approximately roﬁationally symmetric shape.

"Also, ?he projection 2005A has an identical or |
approximately identical shape to the lens 2103 of the
optical device 2100 of Fig. 25 and has a rotatiomnally
symmetric or approximately rotationally symmetric shape.

The symmetry axes of_tﬁe projections 2005 and 2005A
are located on the identical straight line or
approximately identical straight iine.

In Fig. 26B, the optical material 2006L is injected
into_the cavity 2003C from the passageway 2004 of the
metallic mold 2003, and the-opﬁieal material 2006 is

filled in the cavity 2003C. The optical material 2006L

'injected is made for example molten quartz, a plastic, or

a synthetic resin.

In Fig. 26C, the liqhid-like opgical m#terial 20061
is hardened to a solid-state optical material 2006M, and
a baSe;ZOOG.made_of the optical mage:ial 2006M is taken
out from the metallic mold 2003. |

The shafe of the prﬁjection 2005 is transferred tb
the lower face of the base zdos.taken out from the
metallic mold 2003 to form a concavitylzooss. The
concavity 20663 has a symmetric or approximately

symmetric shape. The area around the concavity 2006B of
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the base 2006 is flat.

Also, the shape of the projection 2005A is
transferred to the upper face of thé base 2006 to form a
cogcavity 2006U. The concavity 2006U has a symmetric or
approximately symmetric shape. The area around the
concavity 2006U of the base 2006 is flat.

The sjmmetry axes of.tge conéaﬁities ZOOGB.and 2006U
of the base 2006 are located on the identical straight
line or appfoximately identical straight line.

In Fig. 27D, an optical material 2007M is filled in
the concavity 2006B of the lower face of the base 2006.
The optical material 2007M has a refractive index
different from tﬁe optical méteri#l 2006M, preferably has
a larger refractive index ‘than the optical material
2006M, and is made silicpn nitride as an example.

Fot’ekample, bf forming a layer 2007 of the optical
material 2007M on the lower face of the base 2006 by
spgﬁtefing, vapor Aeposition, or ion implantation, the
optical matefial 2007M is filled in the concévity 20068
of the base 2006. In this case, a concavity 2007B
corresponding to the concavity 2006B is formed in the
layer 2007. | |

Also, an optical material 2071M is filled iﬁ the
concavity 2006U of the upper face of the base 2006. This

optical material 2071M is preferably made an identical
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material to the optical material 2007M.

For example, by forming a layer 2071 of the optical
material 2071M on the upper face of the base 2006 by
sputtering, vapor deposition; or ion implantation, the
optical material 2071M is filled in the concavity 2006U
of the base 2006. In this case, a concavity 2071vu
correSpoﬁding to the concav%ty 2006U is formed in the
layer 2071.

Note that, it is also possible to fill £he optical
material 2007M in the cbncavities 20063'§nd 2006U of the
base 2006 by making the optical materials 2007M and 2071M
identical material and forming the layers 2007 and 2671
of the optical materia; 2007M on the upper and lower
faces of the basé 2006 by vapor depbsition.

In Fig. 27E, the lower face (bottom face).of the
layer 2007 is flattened. For example, it is polished §o

‘thatlthe concaviéy 20078 of the lower face of the layer
2007 disappears. Pfeferably, the 1ower.face of the layer .
2007 is polished so that a flat face vertical with
respect to the symmetry axis of the concavity 2006B of
the base 2006 is formed. Alternatively, the layer 2007 is

_polished so that the flat portion (or flat face) at the
area around the concavity 2006B of the base szG and the
lower face of the layer 2007 become pafallel or

~approximately parallel.
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Aiso, the upper face of the layer 2071 is flattened.
For example,_iﬁ is polished so that the concavity 2071uU
of the upper face of the layer 2071 disappears.
Preferably, the upper face of the layer 2071 is polished
so that a flat fécefvertical with respect to the symmetry
axis of the concavity_zoosﬁ'of the base 2006 is formed.
Alternatively, the layer 2021 is polished so thaﬁ the
flat portion (or'flat-face) at the area around the
concavity 2006U of thé base 2006 and the upper facg of
the layer 2071 become_parallel or.apprbximately parallel.

By polishing the layers 2007_and 2071 so that the
.flat portions at the areag'around thelconcavities 20065
and 2006U of the base 2006 are exposed, it is possible to
obtain an optical'éevice having an same structure as that
of the optical device 2100 of Fig. 1.

Note that, the base 2006 and the concavities 2006B

“and 2006U of Fig. 27E correspond to the base 2101 and the

- concavities 2101B and 2101D of the optical device 2100 of

Fig. 1.

The upper and lower inner walls of the metallic mold
2003 have projections 2005 and 2005A projecting out into
the cavity 2003C, so the processing precision can be
improved in comparison with the case where a concavity
hav;ng a sunken shape is formed in the cavity 2003C and a

convex lens is formed by simple molding. In this way, by
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using the metallic mold 2003, it is possible to prepare a
small sized convex lens having a higher processing
pfecision than # convex lens obtained by simple m@lding.
Note that it is also possible to perform the molding
by using an upper mold and a 1dw§r-mold in place of the
mold shown in Figs. 26A and ZGB..A projection is formed
at thé inner.wﬁll on the loﬁer side of the lower mold,
and the area around this projection is made fiat. This
pfojection is identical to the projection 2005 of Figs.
26A and 26B. A projectibn is also formed at the inner
wall on the lower side of the upper mold, and the area
around this projecﬁion is flat. This projection is
identical to the projection 20653 of Figs. 26A and 26B.
First, by injecting an 6ptica1 material (for example
a glass material) into the cavity between the uppér mold
and the_iower mold and simultaneously heating the glass
“material, lower mold, and upper mold to a predetermined
tempéra£ure, the glass material ié_softened; Then, the
softened glass-matékial.is pressed by the upper mbld. In
this case, the symmetry axes of the concavities on the
inngr walls of the upper mold and the lower mold are

located on the identicai straight line or approximately

identical straight line.

Next, the glass material, lower mold, and upper mold

are cooled to harden the glass material and the base 2006
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is.taken out from the.metallic molds. The shape of the
projection 2005 is transferred to the lower face of this
base 2006 taken out from the metallic molds to form the
concavity 2006B, while the shape of the projection 2005A
is transferred to the upper face of the base 2006 to form
the concavity 2006U.

In this way, it is also possible to obtain the base

2006 shown in fig. 26C.

Second Embodiment of Method of Production of Second

IOQtical Device

Figureé-ZBA to 29H are schemafic'e#pianatory views
of a second embodiment of the method of production of the
second optical device according to the present invention.
By this method of production, it is possible to obtain an
optical device having an identical donfiguration or
approximately identical configuration to the optical
device 2100 of Fig. 1. |

In Fig. 28A, a resist 2009 is formed on the flat
face of a silicon substrate 2008 - an example of the
base. The size of the bottom face of the :esis£ 2009 is
made iden@ical or approximatgly identicél to_the-size of
the flat faces of the lenses 2102 and 2103 in Fig. 1.

.In Fig. 28B, a projection 2008U is formed at the
surface of the silicon substrate 2008 by . etchlng using

the resist 2009 as the mask. The shape of the pro;ectlon
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2008U is idehtical to the shapes'of'tpe lenses 2102 and
2;03 and is rotationally symmetric or approximately
rotationally symmetric. As the etching, use is made of
for example iom milling or RIE.

In Fig. 28C, an opticéi matérial 2010M is laminated

on the surface of the silicon substrate 2008 formed with

- the projection 2008U so as to bury the projection 2008U

and thereby form a base madelof a layer 2010 of the
optical material 2010M. It is also possible to form the .
layer 2010 by using fpr example sputtering, vapor
deposition, or ion implantation.

When the layer 2010 is formed on the silicon
substrate 2008, a projection 2010U cofresponding to the
projection 2008U is formed on thé upper face of the layer
2010.

In Fig. 28D, the upper face of the layer 2010 is
-flaﬁténad. For example, it is polished so that the
.projeétion 2010U of the upper face of the layer 2010

disappears and thereby £6 form a flat face 2010s. |
Preferably, the upper face of the layer 2010 is polished
so that é flat face Qertical with respedt to the symmetry
axis of the projection 20680 of the silicon'substrate._-
2008 is formed. Alternatively, the layer 2010 is polished
so that the flat portion at tﬁe'area around the

projection 2008U of the silicon substrate 2008 and the
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upper face of the layer 2010 become parallel or
approximately parallel.

.In this way, a plurality of silicon substrates 2608
and layers 2010 shown in Fig. 28D are created. |

_ in Fig. 28E, a flat face 2010S, of a layer 2010, is
bonded to the flat face.on a lower side of the base 2011
with the facing flat faces fbrmed thereon. Also, a flat

face 2010S, of a layer 2010, is bonded to an upper side

- flat face of the base 2011. Projections 2008U, and 2008U,

are located on the~i§ehtica1 straight line or
approximately identical straight line.

Note that silicon substrates 2008, and 2008,,
projections 2008U, and_ 26080’,, léyers 2010, and 2010,, and
the flat faces 2010s, and.ZOIQS, have the same

configurations as those of the corresponding silicon

- substrate 2008, projection 20980, layer 2010, and surface

20105 of Fig. 28D.

Also, as the bonding method 6£_the upper and lower
flat faces of the base 2011 and the flat face 2010s,- and
20108, of the layers 2010, and 2016,, it is possible to
bond by for.examp1e a-transparent adhesive of possible to
bond by énodic'bonding. The optical material 2011M of the
base 2011 is preferably made the séme ﬁatérial as the
optical material 2010M. o |

In Fig. 29F, the silicon substrate 2008, bonded to
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the loﬁer face of the llayer- 2010, of Fig. 28E is removed
to expose the lower face of the layer 2010,. Also, thé
silicon substrate 2008, bonded to the lower face of the
layer 2010, of Fig. 28E is removed to expose the upper
face of the layer 2010,.

Note that, it is also possible to dissolve and

remove the silicon substrates 2008, and 2008, by for

~example an aqueous solution of potassium hy&roxide..

The shape of the projection 2008U, of the silicon |
substrate 2008, is transferred to the lower face of the
layer 2010, to form the concavity 2010B, corresponding to
the projection 2008U,. The concavity 2010B, has a
rotationally sfmetric or approximately rotationally
symmetric shape.

The shape of the projection 2908“, of the silicon
substrateé 2008, is transferred to the upper face of the

layer 2010, to form the concavity 2010B, corresponding to

the projection 2008U,. The concavity 2010B, has a

rotationally symmetric or approximately rotationally
symmetric shape. |

The symmetry axes of the concavities 2010B, and
2010B, are located on the identical straight line or
approximately identical straight line.

In Fig. 29G, the optical material 2007M is filled in

the concavity 2010B, of the lower face of the layer
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2010,. The optical material 2007M has a refractive index
differén£ from the opticai material 2010M, preferably has
a larger refractive inde# than the optical material
2010M1 Silicon nitride is used as an example.

For example, by forming the layér 2007 of the
optical material 2007M on the lower face of the layer
2010, by sputtering, vapor,dgposition, or ion
implantation, the optical material 2007M is filled in the
concavity 2010B, of the layer 2010,. .In this case, a
conc;vity 2007B corresponding to £he conéévity 2010B, is
formed in the layer 2007.

Also, the optical material 2071M is filled in the
concavity 2010B, of the upper face-of the layer 2010,.
The optical material 2071M is preferably made the same
material as the optical_materiai 2007M.

For example, by forming the layer 2071 of the

“optical material 2071M on the upper face of the layer
2010, by sputtering, vapor deposition, or ion
implantation, the opticai material 2071M is filled in the
concavity 2010B, of the layer 2010,. In this case, a
concavity 2071U corresponding to the concavity 2010B, is
formed in the layer 2071.

Note that, it is also possible to fill the opticél
material 2007M in the concaviﬁies 2010B, and 2010B, of

the bases 26101 and 2010, by making the optical materials
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2007 and 2071M the identical material and forming the
layers 2007 and 2071 of the optical material 2007M on the
lower face of the base 2010, and the upper face of the
base 2010, by vapor depositlon. |

In Fig. 29H, the lower face (bottom face) of the
layef 2007 is flattened. For example, it is polished so
that the concavity 2007B in the lower face of the layer
2007 disappears. Preferably, the lower face of the layer
2007 is polished so that a flat face vertical with
respect to the symmetry axis of the concavitf 2010B, of
the layer 2010, is formed. Alternatively, the layer 5007'
is polished so that the f1a£ portion (or_flat_face) at
the area around the concavity 20103,iof the layer 2010,
and the lower face of the layer 2007 become parallel or
approximately parallel.

Also, the upper face of the layer 2071 is flattened.
Fof example, it is polished so that the concavity 2071U
of the upper face of the layer 2071 disappears.
Proférahly, the upper face of the layer 2071 is polished
so that a flat.face vortical with reapect to the symmetry
axis of the concavity 20103, of the layer 2010, is
formed. Alternatively, the layer 2071 is polished so that
the flat portion_(or flat face) at the area around the
concavity 2010B, of the layér 2010, and the upper face of

the layer 2071 become parallel or approiimately parallel.
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By polishing the layers 2007 and 2071 so that the
flat porhibns at the area around the concavities 2010B,
and 2010B, of thé'layers.20101 and 2010z are exposed, it
is possible to obtain an optical device having an
identical structure or approximately identical st;uctﬁre
to the optical device 2100 of Fig. 1. |

Note that, the base 2011 with the léyers 2010, and
2010, of Fig. 29H bonded théreto.and'the'concavities
2010B, and 2010B, correspond to the base 2101 and the
concavities 2101B and 2101D of the optical device 2100 of

Fig. 1.

Third Embodiment §f Method of Production of Second
Optical Device |

Figures 30A to 31G are schematic'explanatory views
of a third embodiment of the method .of production of the
second opticai device according to the present invention.
By this method of production, it is.pQSSible to obtain an
optical device having an identical configuration or
approximately identical configuration to .the optical
device 2100 of Fig. 1.

. In Fig..30A, a resist 2019 is formed at the flat
face of a silicon substrate 2018 - an example of the
base..The-size of the bottom face of the resist 2019 is
made identical or approiimatqu identical.to the sizes of

the flat faces of the lenses 2102 and 2103 in Fig. 1.
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In Fig. 30B, an optical material 2020M is laminated
on the surface of the silicon substrate 2018 formed with
the resist 2019 to bury the resist 2019 and thereby to

form a base made of a layer 2020 of the optical material

 2020M. It is also possible to form the layer 2020 of the

optical material 2020M by using for example sputtering,

- vapor deposition, or ion implantation. It is also

pdssible to use for example aluminum oxide as the optical
material 2020M.

When-the layer 2020 is férmed on the silicon
substrate 2018, a projection 2020U in accordance with the
reéist 2019 is formed on the surface of the layer 2020.

In Fig. 30C, the upper face of ﬁhe layer 2020 is
flattenéd. For example, it is polisﬁed'éo that a
projection 2020U of the.upper faée of thg layer 2020
éisappeats to form a flat face 2020S. Preferably, the

" upper face of the layer 2020 is polished so that a flat~
face verticallwith respect to the symmetry axis of the
resist 2019 on the silicon substrate 2018 is formed.
Alternatively, the layer 2020 is polishéd so that the
flat portion (or flat face)'at the area around the:resist
2019 on the siliéon éubstrate 2018 and the upper face of
the layer 2020 become pa:éllel or approximately parallel.

In this_waf, a plurality of silicon substrates 2018

‘and layers 2020 shown in Fig. 30C are created.
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In Fig. 30D, a flat face 20208, of a layef 2020, is
bonded to the flat face on the lower side of the base
2021 having the faéing flat faces. Also, a flat face 20S,
of a layer 2020, is bonded to the flat face on £he.upper
side of a base 2021. The symmetry axes of resists 2019,
and 2019, are located on the identical straight line or
approxiﬁately identical straight'lihe;

Note that, thé silicon substrates 2018, and 2018,,
resiSts 2019, and 2019,, layers 2020, and 2020,, and flat
faces 20208, and zozos,_have same configurations as those:
of the corresponding silicon substrate 2018, resist 2019,
layer 2020, and flat face 2020; of Fig. 30C.

| Also, as the bonding method qf the upper and lower
flat faces of the base 2021 and the flat faces 20208, and
2020S, of the layers 2020, and 2020,, for example, it is
possible to bond by a transparent adhesive or'possiblg to
bond by anodic bonding. An.optical_méterial 2021M of the

base 2021 is preferably made the same material as the

optical material 2020M.

In Fig. 31E, the silicon substrate 2018, and the
resist 2019, bonded to the lower face of the layer 2020,
of Fig. 30D are removed to expose the lower face of the

layer 2020,. Also, the silicon substrate 2018z and the

resist 2019,'bonded to the lower face of the layer 2020,

of Fig. 30D are removed to expose the lower face of the
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layer 2020,.

Note that it is also possible to dissolve and remové
the silicon su'b.strates 2018'1 and 2018, by for example an
aqueous solution of éotassium hydroxide. It is also
possible .to dissolve and remove the resists 2019, and

2019, by for example a resist use peeling solution or an

organic ‘solvent (for example acetone).

‘The shape of the resist 2019, is transferred to the
lower face of the layer 2020, to form a concavity 2020B,
corresponding to the shape of the resist 2019,. The
concavity 2020B, has a symmetric or approximately
symmetric shape.

Alsb, the sh'ape of the resist 2019, is transferred
to the upper face of the layer 2020, to form a concavity
2020B, correspond_ingf to the shape of the resist 2019,.
The concavity 2020B, has a s_ymetric or approximately
symmetric shape. | |

'.l’he"symet_ry axes of the conéavities 2020B, and

2020B, are located on the identical straight line or

.approximately identical straight line.

In Fig. 31F, the optical material 2007M is filled in
the conc;vity 2020B, of the lower face of the layer

2020,. The optical.material 2007M has a refractive index

- different from the optical material 2020M, preferably has

‘a larger refractive index than the optical material
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2020&: Silicon nitride is used as an example.

For example, by fdrming the layer 2007 of the
optical material 2007M on the lower face of thé layer
2020, by sputteriﬁg, vapor deposition, or ionl
implantatioh, the optical material 2007M is filléd in the
concavity 2020B, of the layer 2020,. In this case, a

concavity 2007B.c9rrespdnding-to the concavity 20208,'is

formed in the layer 2007.

Also, the optical material 2071M is filled in the

conéavity 2020B, of the layer 2020,. The optical material

.2071M is preferably made the same material as the optical

material 2007M.

For example, by forming the layer 2071 of the
optical material 2071M on the'upper_face of the layer
2020, by sputtering, vapor deposition, or ion
implantation, the optical material 2071M is filled in the
concavity 2020B, of the layer 2020,. In this case, a
cpncavity 2071U corresponding to the concavity 2020B, is
formed in the layef 2007.

Note that, it is also possible to fill the optical
material 2007M in the concavities 20203; and 20203,.of
the bases 2020, and.zozo, by making the optical materials
2007M and 2071M idenﬁical materiéls and forming the
iayers 2007 and 2071 of the optical material 2007M on the

lower face of the base 2020, and the upper face of the



10

15

20

25

91

-

hase 2020, by vapor deposition.

In Fig. 31G, thé iower face (bottom face) of the
layer 2007 is flattened. For examplé, it is polished so
that the concavity 2007B of the lower face of the layer
2007 disappears. Preferably, the upper face of the layer
2007 is polished.sé that a flat face vertical with
respect to the syme'try axis of the 'concavity 2020B, of
the léyer 2020, is formed. Alternatively, the layer 2007
is polished so that the flat portion (or flat face) a£
the area around the concavity 2020B, of-tﬁe layer 20201
and the upper.face.of the layer 2007 become parallel or
approximately parallel.r | |

‘Also, the upper facé.of the layer 2071 is flattehed.
For example, it is polished so that the concavity_ZO?lU
of the upper face of;the layer 2071 disappears.
Prefefahly, the upper face of the layer 2071 is polished
so that a flat face vertical with fespect to the symmetry
axis of the concavity 2020B, of the layer 2020, is
formed.”nlternaﬁively, the layer 2071 is polished so that
the flat portion (or flat face) at the area around the
concavity 2020B, of the 1ayer-zozo, and the bottdm.face
of the layer 2071 become'parallel or approximately |
parallei. _ |

By polishing'thé.layer 2007 so that the flat

portions at the area around the concavities 2020B, and
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2020B, of the layerS 2020, and 2020, are exposed, it is
possible to obtain an optical device having an identical
structure or approiimately identical structure to the
optical device 2100 of Fig. 1.

Note that thé base 2021 with the layers 2020, and
2020, of Fig. 31¢ bonded-thereto and the cbnqavities
2020B, anﬁ 2020B; correspond to the base 2101 and the
cqncavitiesIZIOIB'and 2101p of the optical device 2100 of
Fig. 1. - |

Fourth Embodiment of Method of Production of Second.

Optical Device

Figures 32A to 33E are schém#tic explanafory views
of a fourth embodiment of the method bf production of the
second optical device according io the pteSent inventibn,
By this method of production, it is possible to obtain an
optical device having an identical configuration or

'approximately identical configuration to the optical
device 2100 of Fig. 1. |

In Fig. 32A, a resist 2029 is formed on the flat
face bétween-facing flat faces of a base 2031 made of an
optical matérial 2031M. Also, a resist film 2039 is
formed on the other flat face of the base 2031. The
optical material 2031M is made for example quartz.

A ciréuiar or approiimatély circular window 2029H ié

formed in the resist film 2029 on one flat face of the
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base 2031, and a ciicular or appréximaiely circular
window 2039H is formed in the resist film 2039 on the
other flat face of the base 2031. Thé windows 2029H and
2039H have identical or approximately identical sizes,
and the center axes of the win&ows 2029H and 2039H are
located on the identical straight line or approximately
identical straight line. As_illustrated; the windows.
2029H and 2039H comprise holes and/or opening portions of
the resist films 2029 and 2039. | |

In Fig. 528, the base 2031 with the resist filhs
2029 and 2039 formed thereon is immersed in an etching
solution 2032 for a predetermined time. The etching
solution 2032 is composed of for examplé a fluoric acid
solution corroding quartz.

By immersihg the base 2031 in the egching solution
2032 for a predetermined timé, the base 2031 is gfadually
corroded7fron~thq windows 2029H and 2039H of the resist
fi;ms'zozs and 2039, and a concavity 2031U corresponding.
to the window 2029H and a concavity 2031B corresponding
to the window 2039H are formed in the upper and lower |
faces of the base 2031. The sizes of the concavities

2031B and 2031V are made identical or approximately

identical to-the sizes of the lenses 2102 and 2103 in

Fig. 1. The concavities 2031B and 2031U have symmetric or

approximately symmetric shapes, and the symmetry axes of
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the concavities 2031B and 2031U are located on the
identiqal straight line or apprqxima£e1y identical
straight line.

In Fig. 33C, the base 2931 is taken out from the
etching solution 2032, and the resist films 2029 and 2039
are removed. It is élso possible to dissolve and remove
the resist fiims 2029 and 2q39 by a resist use peéling
solution or an.organic solvent (for example acetbne),
etc.

In Fig. 33D, the optical material 2007M is fi;lgd in
the concavity 2031B of the lower face oflthe base 2631;
The optical material 2007M has a refractive index
different from the optical mﬁtetial 2031M, preferably has
a larger refractive index than the optical material
2031M. Silicon nitride is used as an example.

For example, by forming the layer 2007 of the

“optical material 2007M on the lower face of the base 2031

by sputtering, vapor deposition, or ion implantation, the
optical material 2007M is filled in the concavity 2031B

of the lower face of the base 2031. In this case, a

- concavity 2007B corresponding to the concavity 2031B is

formed in the layer 2007.
Also, the optical material 2071M is filled in the
concavity 2031U of the upper face of the base 2031. The

optical material 2071M is preferably made the same
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- material as the optical material 2007M.

For example, by forming the layer 2071 of the

optical material 2071M on the upper face of the base 2031

. by sputtering, vapor deposition, or ion implantation, the

optical material 2071M is filled in the concavity 2031u
of the upper facé of'the base 2031. In this case, a
éoncavity 2071U corresponding to the concavity 2031U is
formed in the layer 2071. |
Note that it is also possible to fill the optical
material 2007M in the concavities 2031B and 2031U of the
base 2031 by making the optical materials 2007M and 2071M
the-identical material and forming the layers 2007 and
2071 of the optical materiai 2007M on the upper and lower
faces of the base 2031 by vapor deposition.
In. Fig. 33E, the lower face of the layer 2007 is
flattened. For example, it is polished so that the
- concavity 2007B of the lower face of the layer 2007
disaépéarg. Preferably, the lower face of the layer 2007
is polished so that a flat face vertical with respect to
the symmetry axis of the concavity 2031B of the base 2031
is formed. Alternatively, the 1ayér-2001 is polished so
that the flat portion (or flat face) at thé area around
the concavity 2031B of the base 2031 éﬁd the lower face
of the layer 2007 become parallel of approximately

parallel.
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Also, the upper face of the 1ayer-2071.is flattened.

'For“example, it is polished so that the concavity 2071u

of the upper face of the 1ayer 2071 disappears.
Preferablf, the upper face of the layer 2071 is polished
so that a flat face vertical with respect to the symmetry
axis of the conéavity 2031U of the base 2031 is formed. |
Alternatively, the layer 2071 is ﬁolished so that the
flat portion (or flat face) at the area around the

concavity 2031V of the base 2031 and the upper face of

‘the layer 2071 become parallel or approximately parallel.

By polishing the layers 2007 and 2017 so that the
flat porﬁions at the area around the concévities 2031B
and 2031V of the base 2031 are exposed, it is possible to
obtain an optical device having an identical structure or

approximatelf identical structure to the optical device

2100 of Fig. 1.

Note that, the base 2031 and the concavities 2031B
and 2031U of Fig. 33E.éorrespond to the base 2101 and the
concavities 2101B and 2101D of the optical device 2100 of

Fig. 1.

' fifth Embodimen£ of Method of Production ofLSecond
Optical Device | |

Figures 34A to 34C are schematic explanétory views

of a fifth embodiment of the method of production of the

second optical device according to the present invention.
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By this methqd of production, it is possible to obtain an
optical device having an identical structure or
approximately identical structure to the optical device
2100 of Fig. 1.

A base 2041 of'Figf 34A has a concavity 2041B in one
face between.thé fécing faces and has a concavity 2041U
in the other face. The concavities 2041B and 2041U have
rotationally symmetric or aéproximately rotationally
symmgtric shapes, and the symmetry axes of the

concavities 2041B and 2041V are located on the identical

‘straight line or approximately identical straight line.

The areas around the concavities 2041B and 2041U in the
base 2041 are flat. The.hgse 2041 is made of an optical
material 2041M. | |

The sizes of the concavities 2041B and 204iU are
identical or approximately identical to the sizes of the
lenses 2102 and 2103 in Fig. 1. |

| As this base 2041, use is made oflfor example the

base 2006 in Fig. 26C, the base 2011 with the layers
2010, and 2010, bonded thereto in Fig. ZQF, or the base
2031 in Fig. 33cC.

In Fig. 34B, an optical material 2027M having a
refractive index different from'the optical material

2041M is filled in the concavity 2041B of the lower face

of the base 2041,
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As an example, when the optical material 2041M is
not qu#rtz, by using gelated quartz as the optical
material 2027M and coating the same on the lower face of
the base 2041, a layer 2027 of the optical material 2027M

is formed, and the optical material 2027M is filled in

. the concavity 2041B of the lower face of the base 2041.

An optical material 20§7M is filled in the concavity
2041U of the upper face of Qhe base 2041. By coating the
optical material 2037M on the upper f#ce of the base
2041, a layer 2037 of the optical material 2037M is
formed, and the optical material 2037M is filled in the
concavity 2041U of the upper face of the base 2041. The
optical material 2037M is made an identical material as
the optical material 2027M.

Then, the base 2041 with the optical materials 2027M
and 2037M filled in the concavities 2041B and 2041U is

~heated to harden the optical materials 2027M and 2037M.
- In Fig. 34C, the sﬁrface'of_the hardeged layer 2027

is-flattéhed. For example, it is polished so that surface

roughnéss or undulation of the lower face of the optical

material 2027M disappears. Preferably, the lower féce of
the layér 2027 is polished so that a flat face_vertical

with respect to the sjmmetry axis of the concavity 2041B
of the base 2041 is formed. Alternatively, the layer 2027

is polished so that the flat portion (or flat face) at
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the area around the concavity 2041B of the base 2041 and
the upper face of the layer 2027 become parallel_or
approximately parailel. |

Also, the surface of the hardened layer 2037 is
flaﬁteﬁed. For example, it is polished so that surface
roﬁghness.or undulatidn.of the-uéper face of the oéﬁical
material 2037M disappears. Preferably, the upper face of
the layer 2037 is polished so that a flat face verticai
with respect toithe 5ymmet£y axis of the gohcavity 2041vU
of the bése 2041 is.formed. Alternatively, the layer 2037
is-polished so that the flat portion (or flat face) at
the area around the géncavity 2041u of thé_base-2041 apd '
the upper face of the layer 2037 bécome-parallel or
épproximaﬁely parallel.

By polishing the layers 2027 and 2037 éo that the

flat portions at the érea around the concavities 2041B

"and 2041V of the base 2041 are exposed, it is possible to

obtain an optical device having an identical strnctﬁre-or
épproximately ideﬁtical structure to the optical device
2100 of Fig. 1.

Note that the base 2041.ahd the concavities 2041B
and 2041U of Fig. 34C correspond to the base 2101 and the
concavities 2101B and 2101D of the optical device 2100 of
Fig. 1.

Sixth Embodiment of Method of Production of Second
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Optical Device

Figures 35A.and 35B are schematic explanatory views
of a sixth embodiment of the method of.production of the
second optical device according to ﬁhe present invention.
By.this method of froduction, it is po#sible éo obtain an
optical device:having_an.idéntical structure or
apgréximately identical strqctéré to the optical device
2100 of Fig. 1.

A base 2051 of Fig. 35A has a concavity 2051B in one
face amoﬁg the facing facés and has a concavity 2051U in
the other face. The concavities 2051B and 2051U have
rot#tionally symmetric or approximately rotationally
symmetric shapes, and the symmetry axes of.the
concavities 2051B and 2051U are located on the identical
straight line or approximately identical straight line.
The areas around the concavities 2051U and 2051B in the
base 2051 are flat. The base 2051 is made of én optical
material 2051M.

The sizes of the éoncavities 20510.and 2051B are

identical to the sizes of the lenses 2102 and 2103 in

Fig. 1.

As this base 2051; use is made of for example the
base 2006 in Fig. 26C, the base 2011 with the layers
2010, and 2010, bonded thereto in Fig. 29F,'or the base

2031 in Fig. 33cC.
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In Fig. 35B, a liquid-like optical material 2047A
having a refractive index different from the optical
material 2051M is filled in the concavity 2051B of one
face of the base 2051. As the optical material 2047a, uée

is made of an optical liquid for example an optical oil

" or liquid crystal.

Then, a layer 2047 made of the optical material
2047M is formed on one face of the base 2051, and the
cbncavity 2051B filled with the optical material 2047A is
sealedlby thellayer 2047. In this way, the liquid-like
optical material 2047A can be filled in the concavity
2051B. | |

Next; a liquid-like optical material 2057A is filled
in the.concavity 2051vu of the other face of the base
205;. This opticdl material 2057A is made_the same

matefgal as the dptical materiai 2047AQ
) Then, a layer 2057 made of the optical material
2057M is.formed on the uppér face of the bage 2051, and
the concavity 2051U filled with the optical material
2057A is sealed by the layer 2057. In this way; the
liquid-like optical material 2057A can be filled in the’
concavity 2051U.

The layers 2047 and 2057 are preferably made films

having constant or approximately constant thicknesses. -

Also, preferably the optical materials 2047M and 2057M of.
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the layers 2047 and 2057 are made the same materials, and
-thelthickness of the layer 2047 is made identical or
approximately identical to the thickness of the layer
2057.

Note that the base 2051 and the conéavities 2051B
and 2051U of Fig. 35B correspond to the base 2101 and the
concavities 2101B aﬁd 2101D of tﬁe optical device 2100 of
Fig. 1.

Third Embodiment of Optical Device (Third optical
Device) '

Figure #36 is a scﬁematic-view of the gonfiguration
of an embodiment of a third.éptical device according to
the present invention. | | |

This optical device 3100 is shaped as a -
.parallglopiped or a substantial parallelopiped provided
with a hole 3103. The optical device 3100 has a base

_(substrate) 3161 and a convex lens 3102.

Note that, this production method is the method of
the process continued to thé'first production method of
the first optical device described above with reference
to Figs ZA to 3E, so that, here, only the process
continued to the first production method will be
explained.

Namel&, at first,_a'convex lens is formed at the

bottom of the base 3006 according to the first production
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method of the first optical device.

| Next; the optical device 3100 can converge
(condense) or scatter a beam emitted from tﬁe flat face
of the convex lens 3102 by the convex lens 3102 or can
change it to a paraliel beam when light enters the convex
lens 3102 through the hole 3163 from an upper face 3100U
of the-base.3101. In the base 3101, a first face, that
is, a léwer_face 3100B, and a second face,.that is, the
upper face 3100U, face each other.

In the base 3101, a concave curved face 3101C
closely contacting a convex curved face 3102C of the
convex lens 3102 is formed in the lower face 3100B. At
the same time, the hole 3103 communicating with the upper
face 3100U is formed from a deep side of the concave
curved face 3101C.

Part (concretely'a'cénter portion) of the convex
'curved face of the convex lens 3102 is exposed at the
hole 3103 of the base 3101. The concave curved face 3101C
forms—an.annular inclined face.

The convex lens 3102 has a-rotatipnally symmetric or
substantially fotationally symmetric shape surrounded by
the flat face and the convex curved face 3102C facingl
'this'flat face. The optical éxis.of the convex lens 3102
or the extension thereof passés through the hole 3103.

The shape of the convex curved face 3102C when the convex
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1en§ 3102 is cut along its symmetry axis is preferably
made an arc or substantially arc.

The hole 3103 has a rotationally symmetric or
substantially'rotafionally symmetric shape. The symmetry
axis of the hole 3103 and the optical axis of the convex
lens 3102 coincide or substantially coincide.

The flat face of the cqnvéx lens 3102 is parallel or’
substantially p#rallel to thq upper face 3100U of the
optical device 3100 (or the upper face of the base 3101).
Also, the flat porﬁion (or flat face) at the area around
the concave curved face 3101C in the lower face 3100B of
the base 3101 and the flat face of the gon#ex lens 3102
are_parallel.or substantially parallel and are located in
‘an identical plané in Fig. 36.

It is also possible to-make.the métefiél of the base
3101 for example quartz and make the material of the

_cogvex-lens 3102 for example silicon'nitridea Also, it is
also possible'to make the material of the basé 3101 for :
example siiicon nitride and make the material of the
convex lens 3102 for example.qﬁartz.

By making the maﬁerial of the convéx lens 3102 an
opﬁical méterial.having a large refracﬁi?e index, the
numefical aperture 6: the coﬁvex lens 3102 can be
enlarged.

Also, in the optical device 3100, since the hole
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3103 is proQided, pa:£ of the convex curved face 3102C of
the convex lens 3102 contacts the air, so the-difference
of the refractive indexes at ﬁhe curved face 3102C can be
made larger. For this reason,.the numerical aperture of
the convex lens 3102 can be enlarged, and aberration can
be kept small in comparison with a case where the holé
3103 is not provided, that is, thg whole area of the

cbnvéx'curved face 3102C of the convex lens 3102 is

covered by the base of the optical material.

First Embodiment of Method of Production of Third

Optical Device

Figures 37F to 37I are schematic éxplanatory fiews
of a first embodiment of the method of prﬁduction of the
third optical device according to the present 1nvention.
By this method of product;on, it is possible to obtain an
optical device having an identical structure or
substantially identical struéture to the optical device
3100 of Fig. 36. |

In Fig. 37F, the upp;r face of the base 3006.is
polished so as to-hecbme parallei of'suﬁstantially
parallel with respect to the flat face of the flattened
layer 3007. Also, by this poiishing, the-basé 3006 can be
feduced-to an intended thickness.

In Fig. 37G, a resist film 3050 having a window

3050H is formed on the upper face, that is, flat face, of
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the base 3006. The shape of the window 3050H is
preferably made circular or substantially circular. The
concavity 3006B of the base 3006 is located at the lower

side of the window 3050H. As_illustrated, the window

3050H has a hole and/or openihg portion of the resist

film 3050.

In Fig. 37H, a hole 3051 reaching a convex curved
face 3007C of the convex lens from the'winddw 3055H is
formed by etéhing. Part of the convex curved fac§ 3007C
(preferably the center portion of the curved face 3007C)
of the convex lgns is exposed in the hole 3051. By the
hole 3051, the surface of the ¢oncavi£y 30663 of the base
3006 is partially removed and becomes a concave curved
face (specifically an annular inclined face).3OOGC'
ciosely contacting the convex curved face 3007C.

For éxample, the holé 3051 is formed by dry etching
part of the base 3006 in a rgactive.ion-etching apparatus
(RIE‘apparatus) using CF, as the etching gas.
| In Fig. 37I, the resist film 3050 is removed frﬁm
the base 3006 formed with the hole 3051. In this way, it
is possible to obtain an optical device having an
identical structure or substantially identical structure
to the optical device 3100 of Fig. 36.

Note that the base 3006, holel3051, convex curve

3007C, concave curve 30060; and upper face 3006U of Fig.
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37H and the base 3101, hole 3103, convex curve 3102C,
concave curve 3101C, and upper face 3100U of the optical
device 3100 of Fig. 36 correspond to each other.
As same as the first production method of the first
5 optical device, the bottom portion of the metallic mold .
| 3003 of Figs. 2A and 2B has the projection 3005
projecting out into the cavity 3003C, so the processing
precision can be improved'in.coiparison with a case of
forming a concavity having a sunken shape in the cavity
10 3003C and preparing a convex lens.by simple molding.'In
this way, by usipg the mgtal;ic mold 3003, it is possible
to prepare a small sized’convex lens having a higher
proééssing precision than a convex lens obtained by
simple molding.
15 Note that it is also possible to mold the lens by
using an upper mold and a lower mold in place of the

metallic mold shown in Figs. 2A and 2B as same as the

first-productiqn method of the first optical device.

Second Embodiment of Methgd of Production of Third
20 Optical Devicg | | |
Figures 38I to 38L'are:schematic-explanatory views
of a second embodiment of the method of production of ﬁhe
third optical device according to the present invention.
By this method of producfion,.it'is possible to obtain an

25 optical device having an identical configuration or
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substantially identical configuration to the optical
device 31°°.°f Fig. 36.

Note that, this production method is the method of

the process continued to thé second production method of

5 the first optical device déséribed above with reference
to Figs 4A to 5H, so that, hefe, only the process
~continued to the second production method will be
explained.

Namely, at first, a convex lens is formed at the

10 bottom of the base 3010 acc§rding to the secbnd
production method of the'first.opticél device.

Next, In Fig. 38I, the upper face of the base 11 is
polished so as to become parallel or suhstantially:
pérailel_with respect to the polished face of the layer

15 3007. Also, by this polishiﬁg, the base 11 can be reduced
to the intended thickness. |
In Fig. 38J, a resist film 3052 having a window
3052H is forméd'on the upper face, that is, the flat
face, of the base 11. The shape of the window 3052H is
20 prefefahly made.circular_or substantial;y circular. The
concavity 10B of the base 10 is located at the lower side
of the window'SOSZH..As illustrated, the window 3052H
comprises the-héle and/or opening'portion of the resist
film 3052. |

25 . In Fig. 38K, a hole 3053 reaching the convex curved
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- face 3007C of the convex lens from the window 3052H is

formed by etching; and part of the convex curved.face
3007C (preferably the center portion of the curved face
3007c) of tﬁe-convex'1ens is exposed in the hole 3053. By
the hole 3053, the surface of the concaviﬁy 10B of the

base 10 is partially removed and becomes a concave curved

- face (specifically an annular inclined face) 10C closely

contacting the convex curved face 3oo7cC.
For Qxampie; the hole 3053 is formed by dry étching

. part of the bases 10 and 11 .in a reactive ion etching
apparatus (RIE apparatus) using_CF, as the etching gas.

In Fig; 38L, the resist film 3052 is removed from
the base 11 formed with the hole 3053. In this ﬁay;-it is
possible to obtain an optical device having an identical
structure or substantially identical structure to the
optical device 3100 of Figqg. 36._

i Note that the bases 10 and 11, hole 3053, convex
cufve 3007C, concave curve 10C, and upper face 11U of
Fig. 38L and the base 3101, hole 3103, convex curve
3102C, concave curve 3101C, and upper face 3100U of the

optical device 3100 6f Fig. 36 correspond to each other.

Third Embodiment of Method of Production of Third
Optical Device

Figures 39H to 39K are schémaﬁic explanatory views

of a third embodiment of the method of production of the
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third optical device according to the present invention.
By this method of production, it is possible to obtain an
optical device having an identical configuration or

substantially identical cqnfiguration to the optical

device 3100 of Fig. 36.

Note that, this production method is the method of
the process continued to the third production method of

the first optical device described above with reference

to Figs 6A to 7G, so that, here, only the process

continued to the third production method will be
explained.

Namely, at first, a convex lens is formed at the
bottom of the base 3020 accordihg to the third production
meﬁhod of the first optical.devicé.

Next, In Fig. 39H, the upper face of thg base 3021
is polished so as to become—éarallel or substantially
parallel with-respect to the polished face of the layer
3007. Also, by this polishiné, the base 3021 can be
reduced to the intende& thickneés.

In Fig. 39I, a resist film_3054.having a window
3054H is formed on the upper face, that is, f1a£ face, of
the base 3021. The shape of the window 3054H is
preferably made éircular or subétantially circular. The
concavity 3020B of the base 3020 is located at the lower

side of the window 3054H. As illustrated, the window
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3054H comprises the hole and/or opening portion of the

- resist film 3054.

.In Fig. 39J, a hole 3055 reaching the convex_curved
face 3007C of the convex lens ffom the window 3054H.is
formed by etching. Part of the convex aurved face 3007C
(preferably the cente:_portion of the curved faceﬂ3067C)
of the convex lens is exposad ia the hole 3055. By the
hole 3055, the surface of the concavity 3020B of the base
3020 is partially removed and becomes the concave curvedf

face (concretely the annular inclined face) 3020C closely

contacting the convex curﬁed face 3007C.

 For example, the hole 3055 is formed by dry etching

part of the bases 3020 and 3021 in a reactive ion.etchiag

. apparatus (RIE apparatus) using CF, as the etching gas.

In Fig. 39K, the resist film 3054 is- removed form

the base 3021 formed with the hole 3055. In this waf, it

“is possible to obtain an optical device having an

identical structure or substantially identical structure
to-the-optical'device-3100 of Fig; 36.

| Note that the bases 3020 and 3021, hole 3055, convex
curve 3oo7c, concave curve 3020C, and upper face 3021V of

Fig. 39K and the base 3101, hole 3103, coanvex curve

- 3102C, concave curve 3101C, and upper face 3100U of the

optical device 3100 of Fig. 36 correspond to each other.
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Fburth Embodiment of Method of Production of Third

Optical Device

Figures 40 are schématic'explanatory Qiews of a
fourth embodiment of the method of production of the
third optical device according to the present invention.
By this method of production, it is possible to obtain:an
optical device having an identical configuration or
substantially identical cqnéigufation to the optical
.device 3100 of Fig. 36.

Note £hat, this production method is the method of
the process continued to the forth production method of
the first optical device described above with reference
to Figs 8A to 9E, so that, here,-oniy the process
éontinued to ﬁhe.forth production method wi11 be
explained.

ﬁamely, at'first; a convex lens is formed on the

- base 3031 accordiﬁg to the forth'ptoducéion-method of the
first opﬁical device.

- Next, in Fig. 40?, the surface of the bdse 3031 is
polished So'as to become parallel or substantially
parallel with téspect.to the polished face of the laYef
3027. Also, by this polishing, th;.basg 3031 can be
reduced to the intendgd~thicknéss.

In.Fig. 40G, a resist film 3056 having a window

3056H is formed on the polished—flat face of the base
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3031. The shape of the window 3056H is preferably made
circular or substantially circular. The concavity 3031U
of the base 3031 is located at the lower side of the

window 3056H. As illustrated, the window 3056H comprises

" the hole and/or opening portion of the resist film 3056.

In Fig. 40H, a hole 3057 reaching a convex curved
face 3027C of the convex léqs from the window 3056H is
formed by etching, and part of the convex curved face
'3027C (preferably the center portion of the curved face
3027C) of the convex lens is exposed in the hole 3057. By
the hole 3057, the surface of the concavity 3031U of the
base 3031 is partially removed and becomes the concave
curved face (concretelf the annular inclined face) 3031C
closely contacting the.conve;_curved face 3027cC.

For example, the hole 3057 is- formed by dry etching
part of the base 3031 in a reactive ion etching apparatus
" (RIE apparatus) Qsipg CF, as the etching gas.

In Fig. 40I, the resist film 3056 is removed from
the.base 3031 formed with the hole 3057. In this way, it
is péssible to obtain an optical device having an
identical structure or substantially identiéal structure
to the optical device 3100 of Fig. 36.
| '~ Note that the 5ase 3031, hole 3057, convex curve
3027cC, éoncave curve 3031C, and'flat face 3031B of Fig.

40I and the base 3101, hole 3103, convex curve 3102C,
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concave curve 3101C, and upper face 3100U of the optical -

~device 3100 of Fig. 36 correspond to each other.

Fifth Embodiment of Method of Production of Third
Optical Device | |
5 '_ | Figure 41 are schematic explahatory views of a fifth
'embodimeht of the method of production of the ﬁhird
optical device according to_the present invention. By
this method of production, it is possible to obtain an
optical device having-an identical structure or
id 'substantially identical structure to the optical &evice
3100 of Fig. 36. |
Note that, this production.qethod.is the method of
the process continued to the fifth production method of
the first optical device described above with reference
15 to Figs 10A to 10C, so that, here, only the pfoce#s'
cdntinﬁed to the fifth production method will be
“explained. |
.Namely, at first, a convex lens is formed on the
base-3041_accordihg to the fifth prﬁdgction method of the
20 first optical device. | | |
Next, ih Fig. 41D, the:surface of the base 3041 is
polished so as to become parallél or substantially
parallel with respect to the polished face of the layer
3037. Alsé, by this polishing,.the base 3041 can be

25 reduced to the'intended thickness.
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I; Fié. 41E, a fesist“film 3058 having a window
3058H is formed on the polished flat face of the base
3041. The shﬁpe of the window 3058H is preferably.made
circﬁla: or substantially circular. The doncavity 3041v
of the base 3041 is located at the lower side of the
window 3058H. As illustrated, the window 3058H comprises
the hole and/or opening portion of the resist film 3058.
In Fig. 41F, a hole 3059'reaching alconvex curved

face 3937c of the coniex lens from the window 3058H is
formed by eﬁching, and part of the convex Eurved face
3037C (preferably the center portion of the curved féée
3031C) of the convex lens is exposed in the hole 3059. By
the hole 3059, the §ur£ace of the concavity 3041U of the
base 3041 is partially removed and becomes the concave
curved face (concretely the,anﬁular inclined face) 3041C
closely contacting the convex curved face 3037C.

| For example, the hole 3059 is formed by dry etching
part of the bage 3041 in a reactive ion etching apparatus
(RIE‘apparatus)'using CF, as_the eﬁching gas. |

In Fig. 41G, the resist film 3058 is removed from

‘the base 3041 formed with the hole 3059. In this way, it

is possible to obtain an optical device having an
identical structure or substantially identical structure
to the optical device 3100 of Fig. 36.

Note that the base 3041, hole 3059, convex curve
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3037C, concave curve 3041C, and flat face 3041B of Fig.
41G and the base 3101, hole 3103, comvex curve 3102C,
concave curve 3101C, and ﬁpper face 3100U of the optical
device 3100 of Fig. 36 correépond to each other.

Sixth'Embédiment of Method of Production of Third
'Ogtica1 Device

Figure 42 and Fig. 43 are schematic explanatory
views of 'a sixth emhédiment-of the ﬁethod'of production

of the third optical’ device according to the present

.invention, By this method of production, it is possible

to obtain an optica; device having an identical stfucture
or substantially identical strucﬁure to the optiéal
device 3100 of Fig. 36.

Ih Fig. 42A, a b#se 3086 having a concavity 3086B is
shown. The céncavity 3086B has é'rotétionally symmetric
or substantially rotaﬁionally symm;tric shape. The
circumference (or periphery) of the concavity 3086B in
the base 3086 is flat. The base 3086 is made of a
ﬁateriél 3086&. Below, an explanation will be made with
reference to a case where the material 3086M is an
optical material. |

The size of the concavity 3086B is identical or
substantially identical to the size of the convex lens
3102 in Fig. 36.

As this base 3086, use is made of for example the
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base 3006 mentioned above, the base 11 with thellaygr 10
bohded thereto mentioned above, the base 3021 with the
layer 3020 bonded thereto-also mentioned above, or the
base 3031 still also mengioned above. |
5 In Fig. 42B, a coating film 3085 covering the
surface of the concavity 3086B of thé base 3086 is
formed. The coating film 3085.is:made of a hetal £film,
for example, aluminum or niékel.
Note that it is also possible to form the coatiﬁg
10 f£ilm 3085 so as to cover the concavity 3086B of the base:
| 3086 and the flat portion (or flat face) at the area
aréund it. |
In Fig. 42C, an optical material 3087M is filled in
the concavity 3086B of the base 3086 formed with the
5 coating film 3085. The optical material 3087M has a
:efractive index different from the optical material
- 3086, preferably has & larger refractivé.index than the
optiéal material 3086. Silicon nitride is used as an
example. |
20 | For example, by forming a layer 3087'of the optical
material 3087M on the bottom face of the base 3086 by
sputtering, vapor depbsition, or ion implantation, the
optical material 3087M is filledrin.the concaviiy 30865
of the base 3086.

25 Then, the surface of the layer 3087 is flattened.
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For example, it is polished so that thé.concavity of the
bottom face of the léyer 3087 disappears. Preferably, the
bottom face of the layer 3087 is polished so that a flat
face vertical with respeét to the_syﬁmetry axis of the
5 concavity 3086B of the base'3686-is_formed.
Alternativelf, the layer 3087 is_polished so that the
flat pottion (or flat face) on the area around the
concavity 3086B of the base.3086 and the bottom face of
the layer 3087 becamé pafallel or subsiantially parallel.
10 Note that it is also possible to polish the layer 308? so
that the flat portion on the area around the'concavity
3086B of the base 3086 is exposed.

In this way, a convex lens.made of_the qptical

material 3087M is formed. The convex curved face of this
15 ‘convex lens closely contacts (the surface of) the
concavity 3086B of the base 3086 via the coating film
- -3085.
| | Next, thé-upper-face of the base 3086 is polished so
:as to=be§ome~parallellor sﬁbstantially parallel with |
20 respect to the flat face of the flattened layer 3087.

In Fig. 43D, é_resist film 3082 having a window
3082H is formed on the flat facé of the upper face of the
base 3086. The shape of thg window 3082H is pteferably
made circular or substantially circular. The éoncavity

25 3086B of the base 3086 is located at the lower side of
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the.windoﬁ 3082H. As illustrated, the window 3082H
comprises the hole and/or opening portiop of the.resist
film 3082. |

In Fig. 43E, a hole 3083 reaching the coating film
3085 from the window 3082H is formed by etching, and part
of the coating film 3085 (preferably the center portion
of the coating film_3685) is exposed in the hole 3083. By
the hole 3083, the surface ef the concavity 3086B of the
base 3086 isdpartially removed and becomes the concave
curved face (concretely ehe-annular inclined face) 3086C
closely coptaeting the convex curved face of the convex
lens via the coating film 3085.

For example, the hole 3083 is formed by dry etching
part of the base 3086din a reactive ion etchihg.apparatus
(RIE apparatus) using CF, as the etchieg gae.

In Fig. 43?, the resist film 3082 is removed from
the base 3086 formed with the hole 3063.'Also,'the
exposed portion exposed in the hole 3083 in the coating
film 3085 is removed to expose a convex curved face 3087C
of the convex lens. For exaﬁple, when the coating film
3085 is a metal film, it 15 also possible to dissolve and
remove the exposed portion by using an elkali agueous
solution.

In this way, ie ie possible to obtain an optical

device having an identical structure or subsfantially
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identical structure to the optical device 3100 of Fig.

36.

Note that the base_ioss, hole 3083, convexlcurve
30876, concave curve 3086C, and upper facé 3086U of Fig.
43F and the base 3101, hole 3103, convex curve 3102C,
concave curve 3101C, and upper face 3100u of the optical

device 3100 of Fig. 36 correspond to each other.

' First Embodiment of Opéical System using Third
Optical Device '

Figure 44 is a schematic view of the cOnfiguratiéu
of a first embodiment of an optical system using the.'
third optical device according to the present invention.

This optical system 3119 has opﬁical devices 3100
and 3110 and is comprised by stacking the optical devices
3100 and 3110. Note that the optical device 3100 is
identical or substantiallj identical to the optical
device 3100 of‘Fig; 36, so the explanation thereof will
be appropriately omitted. |

Tﬁe.optical device 3110 is shaped as a
parallelopiped or a substantial parallelopiped p;ovided
with a hole 3113. The optical device 3110 has a b&se
(substraie)l3111 and a convex lens 3112.

In the base 3111, a first face, that is, a lower

‘face 31108, and a second face, that is, an upper face

3110uU, face each other.
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In the base 3111, a concave curved face (concretely
an annular inclined face) 5111c closely contacting a
convex curved face 3112C of the convex lens 3112 is
formed in the lower face 3110B of the base 3111. At the

same time, a hole 3113 commﬁnicating with the upper face

-3110U is formed from the deep side of the concave curved

face 3111¢.

Then; part (céncretely;the center portion) of the
convex curved fﬁce'of the convex lens 3112 is exposed in-
the hole 3113 of the ﬁase 3111.

The convex lens 3112 has a rotationally symmetric.or
substantially rotaﬁionally symmetric shape surrounded by
the flat face and the convex curved face 3112C facing
this flat face. The optical axis of the convex lens 3112
or the extension thereof passes through the hole 3113. .
The shape of the convex curved face 3112C when the convex

lens 3112 is cut along its symmetry axis is preferably

made circular or substantially circular.

The hole 3113 has the rotationally symmetric or

substantially rotationally symmetric,shape, and the

symmetry axis of the hole 3113 and the optical axis of

the convex lens 3112 coincide or sﬁbstantially coincide.

A radius of the hole 3113 is smaller than the radius of

the convex lenses 3102 and 3112.

The flat face of the convex lens 3112 is parallel or -
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subéta;tially parallel to the upper face 3110U of the
optical device 3110 (or the upper face of the base 3111).
Also, the flat portion on the area around the concave o
curved faée 3111C in the lower face 31103 of the base
3111 and the flat face of the convex lens 3112 are
paréllel or subsgantially parallel and located in the
identicai plane in Fig. 44.

It is also possible to make the material of the base

3111 for example quartz and make the material of the

convex lens 3112 fbr exémple silicon nitride. Also, it is
also possible to make the material of the base 3111 for
example silicon nitride and make the material of the
éonvex lens 3112 for example quartz.

The base 3111, convgx lens 3112, upper face 3110v,
and lower face 3110B of the optical device 3110
correspond to the base 3101, convex 1éns’3102, upper face
3100uU, and.lqﬁer face 3100B of the optical device 3100.

In the optical syétem 3119, the lower face 3100B of
the optical Aevice 3100 and the upper face 3110U of the
optical device 3110 are bonded so that the opticai a#es
of the convex lenses.3102 and 3112 coincide or
substantially coincide.

It is also possible to form the optical devices 3100

and 3110 in a plate-like or substantially plate-iike

'shape.-It is possible to stack the optiéal devices 3100
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and 3110 while positioning them witp a high precision.

For example, by adding positioning.marks_like the
marks for mask alignment uséd when semiconducfor '
integrated circuits are manufactured on the b#seé 3101
and 3111, it is possible to use these marks to stack a
plurality of optical dévicés_with a high precision.

Also, by making the shapes of the-gptical devices
3100 and 3110 parallelepipe&s or suhstantiél
parallelepipeds or plate-like or substantially pléte;
like, it is possible to prevent inclinatioﬁ of (the.
optical axes of) the lenses from occurring when the
optical devices are stacked, the optical deviges can be
stacked while positioning theﬁ in-the-two—&imensional
.direction (vertical and lateral direcfiéns), and it is

possible to easily prepare the optical system 3119.

Second Embodiment of Ogticai System using Third
409tica1 Device

Figure 45 is a schematié'view of thé cénfiguration
of a sgéond embodiment of an optical system using the
third optical device according to the present invention.
'Note that the optical device 3100 in Fig; 45 is identical
or substantially identicallto the optical device 3100 of
Fig. 36, so the explanation thereof will be appropriately
omitted. . ‘

This optical system 3119A has optical devices 3100
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and 3700 and is comprised by stacking the optical devices
3100 and 3700. |
The optical device 3700 has a base 3701 apd a lens
3702. The base 3701 is made of an optical material. The
5 base 3701 and the lens 3702 have different refractive
indexes. As the optical device 3700, it is also poséible
ﬁo use for e#ample the base 3006 with the optical
material 3007M filled in it§ concavity 3006B as shown in
Fig. 37F. The material 3006M of the base 3006 in this
10 case is made an optic#l material. |
Similarly, as.the optical device 3700, it ié also
possible to use the base 10 or 11 with the optical
materiai 3007M filled in its concavity 10B as shown in
‘Fig. 38I. The materials 10M and 11M of the bases 10 and
15 .11 in this casé are made optical materials. Note that the
same is true for Fig. 39H, Fig. 40F, ana Fig. 41p.
- The base 3701 has a rotatiénally ﬁymmetric or
.substantially*rotatioﬁally symmetric cdncaviﬁy 3701B in
the lower face of the base 3701. The shape of the surface
20_ of the cdncavity 3701B when the concavity 3701B is cut
.'along its symmetry axis is preferahly made an arc or
substahtially arc.
| The coqcavity 37018 is filled with an optical
material having a refractive index different from the

25 base 3701. The convex lens 3702 is comprised'by the
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concavity 37013.filled with the related optical material.
The lower face of the cohvex lens 3702 is flat and

is parallel or substantially parallel to an upper face

3700U of the optical device 3700 (or the upper face of

the base 3701). Also, Ehe-flat portions of the lower face
of the convex lens 3702 and a lower face 3700B §f the
base 3701 are located in the identical plahe‘

The convex curved face:of the convex lens 3702
closely cqntacts the surface of the éoncavity 3701B éf
the base 3700.

The optical device 3700 has the shape of a
parallelopiped or substantial parallelopiped and can
ccnverge:(condense) or scatter a beam emitted from the
flat face of the convex lens 3702 or can change the same
to a parallel beam when light enters the upper face
3700uU.

The lower face 3100B of the optical device 3100 and
the'upper face 3700U of the optical &evice-3700 are

bonded so that the optical axes of the lenses 3102 and

3702 coincide or substantially coincide.

It is also possible to form the optical devices 3100
and 3700 plate-like or substantialiy plate-like. It is |
possible to stack the optical devices 3100 and 3700 while
positioning £hem'with a high precision.

Also, by making the shape of the optical devices
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3100 and 3700 a_patallelbpiped or substantial

parallelopiped or plate-like or substantially plaﬁe-like,
it is possible to'prevenﬁlinmlination of (the optical
axes of) the lenses from occurring.in the case where the
optica; deviées are stacked and it is possible to easily
prepare the optical system 3119A.

Also, it is possible to comprise a'solid immersion

-lens (SIL) by profiding a cénVex lens 3702 émaller than

the convex lens 3102 in the optical system 3119A, and it

is possible to obtain a high numerical aperture.

Thirxd Embodiment of Optical System using'Third
Optical Device

Figure 46 is a schematic view of the configuration
of ; third embodiment of an optical system using the
third optical device according to the present invention.
Note that in an optical system 3119B of Fig. 46,
identical reference numerals are assigned to identical
components as those of the optical system 3110 in Fig.
44. Expianatibns of the identical components will be
appropriately omitted.

This optical system 3119B has optical devices 3110
and 3710 and is comprised by stacking the optical devicés
3110 and 3710.

The optical device 3710 hmé a base 3711 amd.a convex

lens 3712. The base 3711 is made of an optical material,
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and th; b&se-3711 and the convex lens 3712 have different
refractive indexes. As the optical'device 3710, it is
also possible to use for example'a base 3006 with the
optical material 3007M filled in ité concavity 3006B as
shown in Fig. 37F. The material 3006M of the base 3006 in
this case is made an optical material.- |

"~ Similarly, as the optical device 3710, it is also

 possible tO'usé the base 10 or 11 with the optical

material 3007M filled in its concavity 10B as shown in
Fig. 38I. The materials 10M and 11M of the bases 10 and
11 in this case are made optical materials. Note that the
same is true also for Fig..393, Fig..40r, and Fig. 41D.

The base 3711 has a rotationglly,symmetric or
substantially rotationalij'symmetric concavity 3711B in
the lower face of the base 3711. The shape of the surface
of the concavity 3711B when the concavity 3711B is cut
along its Symmetry axis is preferably made ah arc or
suhstantiélly:arc._ | | | |

The concavity 3711B is filled with an'bpiical
material having a refractive index different from the .
base 3711. The convex lens 3712 is comprised by the
concavity 3711B filled with the related optical maferial.

The lower face-of the convex lens 3712 is flat and |

is parallel or substantially parallel to an upper face

3710U of the optical device 3710 (or the upper facé of
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the-ba;e 37115. Also, the flat portions of the lower face
of the convex lens 3712 and a lower face 3710§ of the
base 3711 are located in the identical plane.

The convex curved face of the convex lens 3712

5 closely contacts the sﬁrface of thé-concavity 3711B of
the base 3710.

The optical device 3710 has the shape-of
parallelopiped or suhstanti£1 parallelopiped and can
converge (condense) or scatter a beam emitted from the

10 flat face of the.conve; lens 3712 or can change the same
to a parallei beam when light enters the upper face
3710U. | |

The lower face 3710B of the optical device 3710 and
the upper face 3110U of the optical device 3110 are

15 bonded so that the opticél axés of the lenses 3112 and
3712 coincide or suhstanéially coincide.
- It is also possible to form-the_opﬁical devices 3110
and 3710'p1até-like or substantiallf plate-liké. It is
| possible to stack the optical devices 3110 and 3710 while
20 pdsitioning them with a high pfecision.
| ~ _Also, by making the shapes of theloptical devices
3110 and 3116 pqrallelepiped;.or sﬁbstantial.'
parallelepipeds or plate-like or substantially plate-
like, it is possible to érevént the inclination of (the

25 optical axes of) the lenses from occurring in the case
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whefe the optical devices are stacked and it is possible

to easily prepare the opticél_system 3119B.

Fourth Embodiment of Optical System using Third
optical device

Figure 47 is a schematic view of the configuration
of a fourth embodimeng of an optical system using the
third opﬁical device according to the preSent_invention.
Note that in an optical syséem 3149 of Fig. 47, identical
reference numerals are ﬁssigned to identical components
as those of the optical system 3119 of Fig. 44.
Explanations of the identical components wili be
appropriately amitﬁed.

This optical system 3149 has opticél devices 3100,
3110, and 3120, the optical device 3110 is stacked upon
the opticalldevice 3120, and the'optical device 3100 is
stacked upon the.oétical device 3110.

The optical devices 3100, 3110, and 3120 are bonded
so that the optical axes of the convex ienses 3102, 3112,
and 3122 of the oétical devices 3100, 3110, and 3120
coincide or substantially coincide.

The optical system 3119 has the optical defices 3100
and 3110. |

The convex lens 3102 of the optical device 3100 is a
collimator lens. The convex lens 3102';eceives a laser

beam from a semiconductor laser 3060 through the hole
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3103, changes the related laser beam to a parallel beam,
and suppligs the same to the optical device 3110.

The convex lens 3112 of the optical device 3110
receives the parallel beam from the 6ptica1 device 3100
through the hole.3113,and condenses the laser beam of the
felated parallél beam to the convex lens 3122. .

The optical device 3120 has a base 3121 and the

- convex lens 3122. The base 3121 is made of an optical

material. The base 3121 and the convex lens 3122 are
differént in refractive index.

The base 3121 has a rotatibnally symmetric or
subsﬁantially rotﬁtionally_symmetric cdncavity 3121B in
the lower face of the base 3121. The shape of the surface
of the concavity 3121B when the concavity 3121B is cut
along its symmetry axis is preferably made an arc or
‘substantially arc.

- - The concavity 3121B is filled with an optical

- material having a refractive index different from the

"base 3121. The convex lens 3122 is comprised by. the

| concavity 3121B filled with the related optical material.

The lower face of the convex lens. 3122 is flat and
i# parallel or substantially parallel to the ﬁpper face
of the optical device 3120 (or the upper face of the base
3121). Also, the flat faces of the lower face of the

convex lens 3122 and the lower face of fhe base 3121 ére
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located in the identical plane.

The optiéél device 3i20 has the shape of a
parallelopiped or substaﬁtiél_pérallelopiped.and can
condense the beam emitted from the flat face gf the
convex lens 3122 of the optical device 3120 to the
recording surface of an optical disc 3080 when light from

the convex lens 3112 of the optical system 3119 strikes

it.

Thé-optical system 3129 has the optical devices.3110
and 3120. The combihation éf the optical devices 3110 and
3120-camptises a solid imﬁeréiohllens-(SIL). By enlarging
the refractive index of the convex iens 3122, the
numerical aperture NA of the optical system 3129 can be
made higherf |

In the optical de#icgs.3100 to 3120, the conQex
lenses.3102 to 3122 are formed by filling the optical
material in the concavities of the bases, so the range of
selection of the material of the*convex lenses 3102 to
3122 can Se made larger and an optical matgrial having a
larje refraétive index can be used as the material of the
convex lenses.

Note that, by rounding the edges of the bottam.face
of the éptical device'3120.(fac9 facing the optical disc
3080), it is possible to reduce collisions with and/or

shock to the surface of the optical disc 3080.
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Fifth Embodiment of Optical System using Third
'optical Device
| Figure 48 is é schematié view of the configuratiqn
of a fifth embodiment of an optical system using the
third optical device according to the-present invention.
Note that in an optical system 3149A of Fig. 48,
| identiéal refereﬁée numerals are assigned to identicél
components as those of_the 6ptical system 3119A of Fig.
45. Explanations of the identical components will be
éppropriately omitted. Also, in the optical system 3149#:
of Fig. 48, the optical device 3120 in Fig. 47 is used. |
 An explanation of this optical device 3120 will be
apprdpriately omitted. |
This optical systeﬁ 3149A has optical devices 3100,
3120, and 3700, the optical device 3700 is stacked upon
the-oﬁtical device-3120; and the optical device 3100 is
_stacked upon the oﬁtical device 3700.
The:opﬁical devices 3100, 3120, and 3700 are bonded
'so that the optical axes of the—conve# lenses 3102, 3122,
and 3702 of the oé_t_ical devices 3100, 3120, and 3700
coincide or substantially coincide.
The optical system 3119A has the opticalﬁdeviéeé
3100 and 3700.
| The convex lens 3102 of the optical device 3100 is a

collimator lens. The convex_lens'3102 receives the laser.
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beaﬁ f;om the semiconductor laser 3060 ﬁhrough the hole
3103, changes the related laser beam to a ﬁarallel beam,
and supplies the same to the optical device 3700.

‘The base 3701 of the optical device 3700 and the
cqn?ex lens 3702 have different refractive indexes from
each other. The.convex lens'3702_receives the parallel
beam from the §ptica1 device 3100 and condenses the laser
beam of the related parallef beam to ﬁhe convex lens
3122.

| The opticai device 3129“has~the shape of a
parallelopiped or suhstantial parallelopiped and can
condense the be#m emitted from the flat face of the
convex lens 3122 of the optical device 3120 to the
recording surface of an optical disq 3680 when'light from
the convex lens 3702 of the optical system 3119 enters
it. |

- The optical system 3129A:hag the optical déviées
3126 and 3700. The combination of the opticai devices
3120 and 3700 constitutes.a solid-immersion lens (SIL).
By enlarging thg refractive index of the convex lens |
3122;'the numerical_aperture NA of the 6ptica1 system
3129a caﬁ be made highei.

In the optical devices 3100, 3120, and 3700, the
convex lenses 3102, 3122, and 3702 are formed by filling

an optical material in the concavities of the bases, so
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the range of selection of the material of the convex
lenses 3102, 3122, and'3702,can be made larger, and an
optical material having a large refractive index can be

used as the material of the convex lenses.

Sixth Embodiment of Optical System using Third
Optical Deviée

_Figure 49 is a schematic view of the configuration
of a sixth embodiment §£ an:optical_system:uSing the
third optical.device'ﬁccording to the present invention.
Note that in an optical system 3149B of Fig. 49,
identical reference nuﬁérals are assigned to identical
components as those of the optical system 3119B of Fig.
46. Exp;anations of the identical components will be
appropriately omitted. Also,.in the optical system 3149B
of Fig. 49, the optical device 3120 in Fig. 47 is used.
The explanatiqn of this optical device 3120 will be
appropriaﬁeiy omitted. a

This optical system 3149B has optical devices 3110,

3120, and 3710, the optical device 3110 is stacked upon

the optical dévice 3120, gnd the-opticai device 3710 is
stacked upon the éptiéal device 3110..

The optiéal devices 3110; 3120, and 3710 are bonded
so that the optical axes of the convex lenses 3112, 3122,
and 3712.of the.optical devices 3110, 3120, and 3710

coincide or substantially_coincide.
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TLe optical system 31198lhas the optical devicés
3110 and 3710. The base 3711 and the convex lens 3712 of
the optical device 3710 are different in refractive.index
from each other.

The optical device 3710 has the function of a
collimator lens. The convex lens 3712 éhanges the laser
beam from the semicdnductor laser to a parallel beam and
supplies this to the opticai device 3110.

The convex lens 3112 of the optical device 3110
receives the parallel'beam from the optical device 3710 .
incident through the hole 3113 and condenses the laser
Seam of the related parallel beém to.the convex lens
3122. |

| The optical device 3120 has the shape of a
parallelopiped or substantial parallelbpiped and can
condense the beam emitted from the flat face of the
convex lens 3122 of the optical device 3120 to the
recotding surface of an optical diéc 3080 when light from
the: convex lens 3712 of the optical system 3119B enters
it. |

The optical system 3129 has thé optical devices 3110
and 3120. The combination of'the optical devices 3110 and
3120 constitutes a solid immersion lens (SIL). By
enlarging the refractive index of the convex lens 3122,

the numerical aperture NA of the optical system 3129 can
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be made highér.
In the optical devices 3110, 3120, and 3710, the

convex lenses 3112, 3122, and 3712 are formed by filling

- an optical material in the concavities of the bases, so

the range of selection of the material of the convex
lenses 3112,-3122, and 3712 can be made large, and an
optical material having a large refractive index can be

used as the material of the-convéx lenses.

Seventh Embodiment of Optical System using Third
Optical Device

Figure 50 is a gchehatic vieﬁ.of the configuration
of a seventh embodiment of an optiéal system using the
thitd optical device according to the present invention.
Note that in an optical system 3159 of Fig. 50, identical
reference numerals are assigned to identical components
as those of the optical system 3149 of Fig. 47.
Explanatibn of the identicai components will be
appropriately oﬁitted.

Thi# optical system 3159 is configured as thg
optical system 3149 of Fig. 47 with an optical device

3150 inserted as a beam splitter between the optical

 devices 3100 and 3110.

' The optical system 3159 has the optical devices
3100, 3110, 3120, and 3150, the optical device 3110 is

stacked upon the optical device 3120, the opticél device
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3150'1; stacked ﬁpon the optical device 3110, and the
optical device 3100 is stacked upqn'the optical device
3150. The optical dévicés-3100; 3110, 3120, and 3150 are
bonded so that the optical axes of the convex lenses |
3102, 3112, and 3122 of the optical devices 3100, 3110,
and 3120 coincide or-substantialiy coincide.

.The optical device 3150 located between the optical
devices 3100 and 3110 has tﬂe funétion of a beam
splitter. A film of semi-transparency (semi-transparent
£ilm) 152 is located between the convex lenses 3102 and
3112.

This semi-transparent film 152 pésses £he parallel
beam from (the convex lens 3102 of) the optical device
3100 therethrough and reflects a returned beam from (the

convex lens 3112 of) the opticél device 3110.

The convex lens 3102 of the optical device 3100'15 a
_coliimaior lens, changes the laser beam from the
semiqonductqr'laser.3060 to a parallel beam, and supplies
tﬁis-parallel beam via the optical device 3150 to the
~optical deviqe 3110 in the optical system 3129.

The optical system-ﬁlzs emits the parallel beam from
the optical device 3150 through the lenses.3112 and 3122
from the bottom face of the convex lens 3122, condenses
the émitted beam to'ﬁhe recording surface of the optical

disc 3080, and irradiates the related recordin§ surface.
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Also, ;he optical system 3129 supplies the reflgcted
laéer beam reflected at

the recording-sﬁrface of) the optiéal disc 3080 (returned
laser beam) £§ the optical device 3150.

By interposing £he optical device 3150 as the beam
splitter between the optical device 3100 and the optical
system 3129, it'is possible to extract the reflected
laser beam reflected at theiopiical disc 3080 from the

side face of the optical device 3150.

Eighth Embodiment of Optical System using Third
Optical Device

Figure 51 is a schematic #iew_of the configuration
of an eighth embodiment of an optical system using the
third optical deviée according to the present invention.
Note that in an optical sysfeﬁ 3159A of Fig. 51,
identical reference numerals are assigned to identical
components as those of the optical system 3159 of Fig. 50
and the optical system 3149A of Fig. 48. Explanation of
the identical components will be appropriately omitted.

This optical system 3159A is configured as the
optical-system-31495-of-Fig; 48 with the optic&l defice
3150 insetted as a beam spliﬁter between the optical
devices 3100 and 3700.

The optical'sysﬁem 3159A has the optical devices

3100, 3120, 3150, and 3700, the optical device 3700 is
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stacked upon the optical device 3120, the optical device
3150 is stacked upon the optical device 3700, and the
optical device 3100 is stacked upon the optical device |
3150. The optical devices 3100, 3120, 3150, and 3700 are
bonded so. that the optical axes of the convex lenses
3102, 3122, and 3702 of the optical devices-ﬁloo, 3120

and 3700 coincide or substantiélly coincide.

The optical device 3150 located between the optical

"devices 3100 and 3700 has the function of a beam

splitter. A film having semi-transparencf (semi-

‘transparent film) 152 is located between the convex

lenses 3102 and 3702.

This semi-transparent £ilm 152 passes the parallel

- beam-frome(the'convéx lens 3102 of) the optical device

3100 therefhrough and reflects a returned beam frdm (the
éonvex.lens 3702 of) the_opticai device 3700.

The convex lens 3102 of the optical device 3100 is a
collimator lens, changes the léser'beam iram_the
semiconductor lasef 3060 to a pafallel beam, and supplies
this parallel beam via the optical device 3150 to tﬁe
optical device 3700 in the opﬁical system 3129A.

The optical system 31293 emits the'parallél beam
from the optical device 3150 through_the lenses 3702 and

3122 from the bottom face of the convex lens 3122;
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condenses the emitted beam to the recording surface of

the pptical disc 3080, and irradiates the related

recording surface. Also, the optical system 3129A

supplies the reflected laser beam reflected at (the

recording surface of) the optical disc 3080 (returned

laser beam) to the optical device 3150.

By interposing ﬁhe optiéal device 3150 as the beam
splitter between the opticai device 3100 and the optical
system 3129A, it is possible to extract the reflected
léser beam reflected at the optical discl3080 from the
side face of the optical device 3150. |

Ninth Embodiment'of.oQticaI System ﬁsing Third
Optical Device o .

Figure 52 is a schematic view of the configuration
of a ninth embodiment of an optical system using the
third optical device accﬁrding-to the present invention.
Note that in an optical_sy#tem:3159n'9f Fig. 52,
identical reference numerals are assigned to identical
components as those of the optical system 3159 of Fig. 50
and the optical system 3149B of Fig. 49. Explanations of
the identical components w111 be appropr1ate1y omitted.

This optical system 3159B is configured as the

optical system 3149B of Fig. 49 with the optical device

3150 inserted as a beam splitter between the optical

devices 3110 and 3710.
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The optical system 3159B has the optical devices
3110, 3120, 3150, and 3710, the optical device 3110 is-
stacked upon the optical device 3120, the optical device
3150 is stacked upon the optical device.3110, and the
optical device 3710 is stacked ﬁpon the optical device
3150. The optiéalldevices-3110, 3120, 3150, and_3710 are
bonded so £hat the optic#l axes of the convex lenses
3112, 3122, and 3712 of the optical devices 3110, 3120
and 3710 coincide or substantially coincide. |

The optical device 3150 located between the optical
devices 3110 and 3710 has thé function of a beam
splitter. A film having semi-transparencf (semi-
tranéparent.film) 152 is located hetueen the convex
1ensgs 3112 and 3712. |

This semi-transp#rent.film 152 passeé the parallel
beam from (the convex lens 3712.of) the optical device
3710 therethrough and reflects the returned beam from
(the convex lens 3112 of) the optical device 3110.

The op£i§a1 device 3710 has the function of a.
collimator lehs, changes the laser beam from the
semiqonductor laser 3060 to the paralléi beaq, and
supplies this.parallel beam via the optical device 3150
to the optical device 3110 in the optical system 3129.

The optical systeﬁ 3129 emits the parallel beam from

the optical device 3150 through the convex lenses 3112
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and.3152 from thé bottom face of the convex lens 3122,
éondenses the emiﬁted beam to the recording surface of
the optical disc 3080, and irradiates the related
recording surface. Also, the optical system'3129 supplies

the reflected laser beam reflected at (the recbrding

surface of) the optical disc 3080 (returned.laser beam)-

to the optical device 3150.
By interposing the optical device 3150 as the beam
splitter between the optical device 3710 and the optical

system 3129, it is poésible-to extract the reflected

‘laser beam reflected at the optical disc 3080 from the.

side face of the optical device 3150.

Embodiment of Optical Headfusing-rhird Optical

Device

Figure 53 is a schematic view of the configuration
of an embodiment of an optical head using the third
optical device-éccording-tb the bresent invention.

This optical head 3600 has an optical system 3329,
an IC chip 3074, a prism 3075, and an.optical_device
3340; A flying head (floating type optical head) is
comprised by a éwing arm 3072 aﬁd a suspension 3073.

The optical system 3329 has opticél devices 3300 and
3320. The optical device 3300 is stacked upon the optical
device 3320. This optical system 3329 comprises a slider.

A bottom face 3320B of the optical device 3320 of the
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optical gystem 332§ and the surface of the optical disc
3080 face each other. The bottom f;ce 3320B of the
optical device 3320 comprises a slider face.

The suspension 3073 is attached to the lower face
(bottom facei of the swing arm.3072, or the suspension
3073 is formed there. |

Also, the upﬁer face of the IC chip 3074 is bonded

to the front end of the lower face of the swing arm 3072.

The upper face of the prism 3075 and the upper face
of a base 3076 are bonded to the lower face of the Ic
chip 3074. |

fhe upper face of'the optical_device 3340 is bonded
to the lower face of the prism 3075.

A flexible optical fiber 3071 is bonded to the lower
face of.the base 3076. For-éxample, a v;shaped groove is

. formed in the lower face of the base 3076, and the

~optical fiber 3071 is tightly fixed so that the optical

fiber 3071 is fit in the related V-shaped groove. Note
that-ﬁesirahly the base 3076 is made of an identical
material to the iC-chip 3074.

The optical system 3329 is attached to £he front end
of the suspension 3073.

The optical device 3340 is shaped as a

parallelopiped or a substantial parallelopiped provided
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with a hole 3343. The optical device 3340 has a base
_ (substrate) 3341 and a convex-léns 3342.
In the base 3341; a concave curved face (concretely
the annular inclined face) 3341C closely contacting the
5- convex curve&-face of the convex lens 3342 is formed in a
lower face 3340B. At the same £ime; the hole 3343
communicating with an upper face 3340U is formed from the
- deep side- of the concave cufved face 3341C.
Then, part (concretely the center portion) of the
10 | convex curved face of the convex lens 3342 is exposed in.
the hole 3343 of the base 3341.

The convex lens 3342 is a co;;imator lens and has a
rotationally symmetric or suhstantial;y rotationally
symmetric shape surrounded'by'the flat face and the

15 éonvex curfed face.facin§ this flat face. The optical
axis of the convex lens 3342 or the=e;tension theredf
_passeS'through.the hole 3343. The'shaﬁe of the convex
qurveduface'ﬁhen the convex lens 3342 is cut along ité
symmetry axis is preferably made an arc or substantially
20 arc. |

The hole 3343 has a rotationally symmetric or
substanﬁially rotationally Syﬁmetric'shapg, and the_
symmetry axis of the hole 3343 and the optical axis of
the convex lens 3342 coincide or-substantially coincide.

25 _ The flat face of the convex lens 3342 is parallel or
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substantially parallel to the upper face 3340U of the
optical de;ice'3340 (or the upper face.of the base 3341).
Also, the flat portion (or flat face) on the area aroundl
the concave curved face 3341C in the lower face 3340B of
the base 3341 and the flat face of the convex lens 3342
are parallel or subgtantially parallel-and located in an

identical plane in Fig. 53.

ihe optical deviée 3340 has the shape of a
parallelopiped or substantial parallelopiped and can
change a beam emitted from thg lower face 3340B of éhe
optical device 3340 to a parallel-béam.by the convex lens
3342 when ligh£ enters the upper face 3340U.

A half mirror is formed on the inclined face of the
prism 3075. This half mirror reflects the laser beam
radiated—fram.én end face of the optical fiber 3071 and
supplies the same to the optical device 3340.

The optical device 3340 supplies the laser beam from
ﬁhg half mirror of the prism 3075 to the convex lens 3342
through the hole 3343. The convex lens 3342 changes the
laser beam ffom the.half mirror to a parallel beam and
supplies the same to the optical system 3329.

_The optical sYstem 3329 condenses the laser beam
from the optical device 3340 to the optical di#c 3080 bf

using lenses 3302 and 3322 and focuses it on the
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recording surface of the optical disc 3080. Also, the
optiéal systeﬁ 3329 returns the laser beam reflected at
the recording surface of the optical disc 3080 (:eturned
laser beam) to the ppism 3075 via the convex lens 3342
and the hole 3343 of the optical device 3340.

The half mirror °f.t?9 inclined face of the prism
3075 ttansmits the returned laser beam from the optical
system 3329 therethrough ana‘Supplies the same to the ;c
chip 3074. |

The IC chip 3074 is an optical semigonductor
composite device. A phoéo-detector and an pro¢essihg
circuit are formed on the lower face of the IC chip 3074
or- the ‘photo-detector and the processing circuit are
attached there. |

'The-photo-deteétéf receives the returned laser beam

and supplies a reception light signal in accordance with

- the returned laser beam to the processing circuit.

: The'prpcéssing circuit perférms the predetermined
‘processing 5ased on the reception light signal from the
photo-detector and creates a signal indiéatin§ the
précessing result. This signal can be extracted from a
signal line connected to the IC chip 3074.

Fignré 54 is a schematic view of the configuration
of the optical system 3329 in Figs. 38I to 38L.

The optical system 3329 has the optical devices 3300 .
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and 3320.

The optical device 3320 has a base 3321 and a convex
lens 3322. The base 3321 is made of an optical material.
The base 3321 and the convex lens 3322 are different in
refractive index from each other.

The base 3321 has a xotationaily symmetric or
.substantially rotationally sjmmetric_concavity 3321B in
the lower face of the base-§321. The shape of the éurface
of the concavity 3321B when the concavity 33213‘£s cut
along its-symmetfy axis is preferably made an arc or
substantially arc.:

The concavity 3321B is filled with an optical
material having a refractive index different from the
base 3321. The cbnvex lens 3322 is comprised of the
concavity 3321B filled with the related opticai material.

The- lower faqe of the convex lens 3322 is flat and

is parallel or'substantially parallel to an upper face

. 33200 of the optical device 3320 (or the upper face of

the base 3321). Also, the flat portions of the lower face
of the convex lens 3322 and the lower face 3320B of the
base 3321 are located in the identical plane and comprise
the lower face of the optical device 3320.

'The optical device 3320 exhibits the shape of a
parallelopiped or sﬁﬁstantial.parallelopiped and can

converge (condense) the beam emitted from the flat face
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of the convex lens 3322 when'light-enters the upper face-
3320v. |

The lower face 3300B of the optical'device 3300 (or
base 3301) and the upper face-33zdu of the optical'device
3320 are bonded so that the optical axes of the convex
lenses 3302 and.3322 coincide or substantiélly coincide.

Note that, by-rouhding the edges of the bottom face
3320B of the optical dévice:3320 (face facing the optical

disc 3080), it is possible to reduce collisions wiﬁh

~and/or shock to the surface of the optical disc 3080.

It is also possible if the base 3321 of the optical
device 3320 is made for example aluminum oxide or silicon
nitride.

The optical systeg.3329.of the opﬁical head 3600
desirably has a large :igidity'and/or hardness. By
forming the base-3321 of the optical device 3320 by
aluminum oxide, the rigidity and/or hérdness can be
increased. .

A high nﬁmerical aperture can be obtained by the

optical system 3329. By comprising a solid immersion lens

(SIL) by the opticai system 3329 and.usiﬁg thé_relaied
optical system 3329 in the né;r-fieid.region, it is
possible t; perform near field,optical ?ecordiﬁg and/ér
reproduction and it is possible to improve-a recording

density of the optical disc.
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- It is also possible to form rails for floating the

optical system 3329 as the slider on the bottom face

- 3320B of the optical device 3320.

It is also possible to form on the bottom face 3320B
of the opﬁical.device'3320 a coil generating'a magnetic
field (or a magnetic flux) at the time of opto-magnetic
recording when the optical disc 3080 is an opto-magnetic
disc. | | |

It is also possible to easily prepare the rails
and/or coil of the bottom face 3320B of the optical
device ‘3320 by forming the-opgical_device 3326 in a.
parallelopiped or subsﬁantiallf parallelopiped or plate-
like or sﬁbstantially plate-like shape By utilizing a
semiconductor manufacturing process.

As an exﬁmple, the size of the optical system 3329

in a lateral direction is made about 1 mm, the size in a

"vertical direction is made about 0.5 mm, and the size in

a height direction is made about 0.4 mm.

As an example, the size of the optical device_3300
in the height direction is made about 0.3 mm, and the
size of the optical device 3320 in the height direction
is made about 0.13.mm.

As an example, a diameter of the bottom face (or the.

flat face) of the lens 3302 is made about 0.2 mm, and the

diameter of the bottom face (or the flat face) of the
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lens.£322 is made about 0.1 mm.

Figure 55 is a schematic explanatory Qiew of ah
example of the configuratién of'the IC chip 3074 in Fig.
53 and the'pefiphery thereof. |

To the IC chip 3074 receives drive power from a not
illustrated power supply line. Also, the IC éhip 3074 can
extract an output signal of the IC chip 3074 by a
flexible signal line 3079, ;nd can Supply the signal to
the IC chip 3074. Note the signal line 3079 may also be
cohfigured as an ultra-fine wire of a metal of copper or
the like given a thin'insulative coating.

The uépér face of tﬂe-prism.3075 and the upper face
of the base (sub mount) 3076 are bonded to the 16wer face
of the IC chip 3074. The optical fiber 3071 is bonded to
the lower face §f the base 3076.

A hélf mirrof 3078 is formed on the ihclined face of
the prism 3075. Thé half mirror 3078 reflects the laser
beam radiated from the end face of the optical fiber 3071

and supplies the same to the convex lens 3342 of the

optical device 3340.

The laser beam passed through the convex lens 3342
is irradiated to the optical disc 3080 via the optical

system 3329, reflected at the recording surface of the

- optical fiber 3080, and returned to the convex lens 3342.

The half mirror 3078 transmits the returned laser
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beam from the convex lens 3342 therethrough and supplies

-the same to the inclined face of the prism 3075. The

inclined face of the prism'3075 supplies the returned
laser beam transmitted through the ha1£ mirror 3078 to
the IC chip 3074. |

Note that the half mirror 3078 is comprised By a
multi;layer film réflecting the laser beam from the
direction of the end face of £he opticai fiber 3071 and
transmitting the laser beam from the-direction of the
convex lens 3342 theréthrbugh.

A photo-deteétor 3077 is formed on the lower face of
the IC chip 3074. This photo;detector 3077 has first and
second-photo—detectors 3077A and 3077B. |

the returned laser beam transmitted through the

inclined face of the prism 3075 is'condehsed.onto the

second photo-detector 3077B and reflected, reflected

again at the lower face of the prism 3075, and condensed
onto the first photo~detector 3077A. Note that a not

illustrated reflection film is formed on the lower face

.'of the prism 3075.

The ICﬁchiﬁ 3074 supplies the output signals from

the photo-detectors 3077A and 3077B to the processing

circuit in the IC chip 3074.

By comprising the phoﬁo—detector-3077 as a six-

-divided photo-detector and comprising the photo-detectors
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3077A.;nd 3077B as three-divided photo-detectors, a focus
error signal can be created by a D-3DF (difference -~ 3
Divided Focﬁsing), a-£racking error signal can be created
by a push pull meﬁhod, and the reproduction signal can be
created by a sum of the outéut signals of the photo-
dgtectof 3077A or the photo-detector 3077B.

Furﬁher, the IC chip 3074 can feﬁch £he.focus error
signal, tracking error signél, and reproduction signal
from the'signal line 3079.

In the optical head 3600 of Fig. 53, & reduction of
the size of the sptical head is-possibl§ in comparison
with an optical head prﬁvided with a semiconductor laser,
and it is possible to quickly move the optical head.

For.example;_in order to provide a semidoqductor
laser in the optical head, heat dissipating parts for
countering the heat generation of the semiconductor

laser, a sealed vessel for protecting the semiconductor

~ laser, etc. are necessary, but in the optical head 3600,

the heat dissipation parts and sealed vessel are

unneceséary. A reduction of size is possible in this

. point.

In this way, by using the light weight and small

sized optica1 head 3600, reduction of size of the optical

disc apparatus is possibie, and high speed access to the

optical disc 3080 is possible.
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Also, in the optical head 3600, since the reflected

laser beam from the optical disc 3080 (returned laser

. beam) is converted to an electric signal, it becomes

unnecessary to send.the feturned_laser beam to the
optical fiber 3671. Accordingly, a highly precisé
arrangement of the parts for sending ahe returned laser
beaﬁ into the optical fiber 3071 becomes unnecessary, SoO
an optical head 3600 which aan be easily manufactured can
be obtained. |

Further, an optical head 3600 having a high
reliability against.a vibration and high signal quality
can be-obtaihed. | _ _ _ |

Metallic Mold for Production of dptiéal Device

Figure 56 is a schematic view of the configuration
of an embodiment of a metallic mold for production of an
optical device according to the éresent invention.

This production use metallic mold 4009 of an opt;cal

device is formed with a passageway 4002 for pass;ng an

_optical material in the molten state or softened state

and with a cavity 400i. Also, in the cavity 4001 of tha
metallic mold 4609, parts of projections 4004A and_40053
of metallia mold pins 4004 and 4005 project out from a |
bottom faae 40018 of the cavity 4001. The bottom face
4001B of the cavity 4001 is flat, and areas around the

projections 4004A and 4005A in the bottom face 4001B are
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flat. Also, an ﬁpper wall (upper face) of the cavity 4001
is flét.

The metallic mold pins 4004 and 4005 have hgads
4004H and 40053 of flat shapes and projections 4004A #nd
4005A projecting out from the heads. 4004H and 4005H in a

vertical direction. The metallic mold pins 4004 and 4005

. have identical shapes.

The heads 4004H and 4005H of the metallic mold pins
4004 and 4005 closely contact the bottom face of the
metallic mold 4009, and the projections 4004A and 4005A
of the metallic mold pins 4004 and 4065 partially pxbject
out into the cavity 4001 while penetratihg through holes
4094 and 4095 provided in a bottom wall of the metallic
mold 4009. |

Figure 57 is.a schematic enlarged yiew of part of
the projection .4005A of the metalliq'mold pin 4005. The
projection 4005A has a front end 4005M, a taper 4005T,
and a;pﬁle 4005?! The projection 4005A has a rotatiqnally
symmetric shape about an axis 4005Z. The axis 4005% is
vertical to the head 4005H of the metallic.mﬁld pin 4005
(or a bottom plane thereof). |

The boundary between the front end 4005M and the
taper 4005T forms a circle having a radius 6f (la)/2 from
the rotational symmet;y axis 4005zZ. The front end 4005M

is a region providing the lens shape (or a region
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imparéing a lens function) and has a rounded'projecting
shape.

The taper 4005T is located bétween £he front end
4005M and the pole 4005?._The surface thereof forms a
tapered face flaring out frqm'the front end 4005M in the
direction of the pole 4005P.

The pole-4605P has a constant diameter (la + 1b x-
2). The pole 4005P and the iaper 4005T are fegions
outside the region.providing the léns'shape.

Figure 58 is an explanatory view of a molded article

produced by the production use metallic mold 4009 of an

- optical device of Fig. 56.

An optical material in the molten state or softened

state is filled in the cavity 4001 of the metallic mold

4009 of Fig. 56, this optical material is hardened, the

metallic mold 4009 is opened, and the molded article is
taken out. Then, the portion corresponding to the

passageway 4002 is removed from the molded article to

. obtain a molded article 4011 as shown in Fig.'ss.

Alterha£ively, by filling the optical material in the
molten state or softened state, then reméving'the portion
corresponding to the-passageway 4002 from the filled

optical material in the molten state or softened state
and.hardening the same, opening the metallic mold 4009,

and taking out the molded hrticla, a molded article 4011
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as shown in Fig. 58 can be obtainéd;

Note that the optical material to be injected into
the cavity 4001 may be for example quartz, glass,
plastic, or a synthetic resin in the molten state.

The Bottom face 4011B of the molded article 4011 is
formed with concavities 4014A and 4015A of shapes

transferred from the projections 4004A and 4005A of the

‘metallic mold pins 4004 and 4005. The areas around the

concavities 4014A and 4015A are flat. An upper side base 
4012A in the base 4012 comprising the molded a;ticle 4011
is located at an upper side of a boundary 40126, an& a
lower side base 4012B is located at a lower side of the.
boundary 4012C.

The base 4012B on the lower side éf the molded
article 4011 has the shapes of the poles 4004P and 4005P

and tapers 40041 and 4005T of the metallic mold pins 4004

‘and 4005 transferred to it.

The base 4012A on the upper side of the molded
article-4011 has the shapes of the front ends 4004M and
4005M-of the metallic mold pins 4004 and 4005 transferred
to it. | |

figure 59 is an enlarged.viéw of the concavity 4015A
of the molded article 4011 of Fig. 58 and the area around

it. Thefconcavity 4015A has a rotationally symmetric

-shape about an axis 4015%Z.
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ihe base 4012B at the lower side of the molded
article 4011 is formed with a hole 4015P having a
constant diameter (la + 1b x 2) of the shépe of the pole
4005p of the metallic ﬁold pin 4005 transferred to it and
with a hole 4015T of the shape of the taper 4005T
transferred to.it and having a diameter decreasing in a
depth direction by a constant rate. The (inner walls of)
holes 4015P and 4015T of th; lower side base 4012B are
regions not having or substantially not having a lens
function. |

The upper side base 4012A of the molded article 4011
is formed with a spherical or substantially spherical
hole 4015M of the shape=o£ the front end 4005M of the
metallic mold pin 4005 transfgrred to it and of a radius
of curvature which is constant or.substantially constant.

The (inner wall 6f) hole 4015M of this upper'side base

'4012A,is'a.region having the lens function. The maximum

diameter of the hole 4015M is 1la.

Figure 60 is a schematic view of the ponfiguraéion
of an optical device.

This optical device 4017 is.comprised-of the upper.
side base 4012A of the molded artiéle 4011 of Fig. 59. By
removing the 1ower-side base 4012B.from.the molded
article 4011 by for example polishing or grinding, the-

upper side base 4012A can be obtained and the optical
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deviée 4017 can be produced. The bottom'face of the
optical device 4017 is formed with holes 4014M and 4015M
of the front ehds of the concavities 4014A and 4015A. The
flat portion of the bottom face of the optical device
4017 coincides with the boundary 4012C.

Figure'61 is an enlarged.view of the hol§ 4015M of
Fig. 60 and the &rea around it. The hole 4015M has a
rotationally symmetric shaé; about the axis 4015z and
forms a concave-legé; |

By using the metallic mold 4009 in this way, it is
possible to form an optical device 4017 having a hole
4015M having a shall‘radius or diameter'and having a lens
function.

Figure 62 is an expianatory view of a molded article
4011K in a state where a layer 4018 of an opﬁical
materia1.40186 is laminated on the bottom face 4011B of

the molded article 4011 of Fig. 58. Figure 63 is an

ﬂenlarged.ﬁiew of the concavity 4015A in Fig. 62 and the

~ area around it. The optical material of the molded

article 4011 and the opticai material 4018G of the layer
4018 have different.refractife indexes.

The iayer 4018 of thé opticallmaterial 4018G is
laminated on the bottom face 4011B by the technique of
for example sputtefing, vapor deposition, or ion |

implantation. By'laminating the layer 4018, the optical
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material 4018G can be.filled_in the concaiities 4014A and
4015A or holes 4014M and 4015M of the molded article
4011.. | |

The bottom face 4018B of the layer 4018 is formed
with concavities 4184 and 4185 cﬁrrésponding to the
concavities 401%§_and_4015n.

'3igure 64 is.an explanatory view of an optical
device produced from the molded article 4011K of Fig.-éz.

In this optical device 4011K',.a bottom face 4018B
of the molde& article 4011K of Fig. 62 and the lower sidé
base 4012B are polished and the polished face (lens.
bottom face) is flattened.

At the bottom face of the 6pt1ca1 device 4011K,.a
lower side base 4012B’ an& the optical material 4018G
filled in the holes 4014A’ and 40153'.are.exposed. The
bottom face of the optical device 4011k' is parallel to
the upper face. | _ | |

Note that the base 4012B on the lower side of the

molded article 4011K is polished to form the lower side

- base 4012B’. Along with this, the holes 4014A and 4015A

become the holes 4014A' and 4015A°'.

Figure 65 is an enlarged view of the hole 4015A in
Fig. 64 and the area around it.

The optical device 4011K is formed with a hole

4015P’ having a constant diameter, a hole 4015T having a .
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diameégr which becomes proportionally smaller in
accordance with a distﬁnce from the hole 4015P’ in the
depth direction, and a hole 4015M of a sphgrical’or
substantially spherical shape. The holes 4015P’, 4015T,
and 4015M are filled with the optiéal material 4018G. The
optical.material filled in the hole 4015M forms the.
convex lens. The hole 4015?' hecomeé shorter in length in
the depth direction than the hole 4015P by the polishing
of the layer 4018 aﬁd'the'base_401zg. | |

| In the optical device 4011K of Fig. 65, the hole
4015p’ of the cohstant diameter remains, but the bottom
face of the optica;-device 4011K may be fﬁrther polished

SO as to remove the hole 4015P’ of the constant diameter.

" In this case, the polishing is carried out so that the

polished face becomes parallel to the boundary 4012C.

Figure 66 is a view of the configuration of an

optical device 4011K" formed by-polishing the bottom face

of the optical device 4011K’ of Fig. 64 and Fig. 65. In

- this optical device 4011K", the bottom face of the

optical device 4011K’ is polished to remove'the_hole
40158’ . Note that the base 4012B at the lower side of the
optical device 4011K’ is polished to form a lower side
base 4012B".

In the lens 4011K" of Fig. 66, the hole 4015T

remains, but the bottom face of the optical device 4011K"
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may be further poliéhed so as to remove the hole 4015T.
In this case, the polishing is carried out so that the
polished face becdmes parallel to the boundarf 4012cC.

figure'67 is a view of the configuraﬁion of an
optical device 4011N obtained_by polishing the bottom
face of the optical device 4011K" of Fig. 66. Figure 68
is an enlarged view-of_the hole 4015M in Fig. 67.

In this optical devicé'401ln, the lower side base
4012B" is removed from the optical device 4011K" by
polishing. |

The bottom face of the optical device 4011N
coincides with the boundary 4012C, and the optical
material 4018G is filled ig the holes 4014M and 4015M. In
Fig. 68, a convex lens is formed by the optical material
4018G of the hole 4015M. |

Note that the~op£ica1 device 4011N may be made
thinner to the desired thiékness_by.poliShing the upper
face of the optical device 4011N.

Figures 69A and 69B are explanatory views of a

metallic mold pin.

Figure 69A shows the metallic mold pin 4005 used in
the metallic mold 4009 of Fig. 56, while Fig. 69B shows a
comparison use metallic-mold_pin 4006. compared with the
related metallic mold pin 4005.

The metallic mold pin 4005 of Fig. 69A has a head
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4005H-and a projection 4005a projecting.out from the head
4005H in the vertical direction. The projection 4005A has
a pole 4005pP, taper 4005!, and front'end 4005M.

On the other hand, the metallic mold pin 4006 of
Fig. 69B has a head 4005H and a projection 4006A
projecting out from the head 4005H in the vertical
direction. The projéction 4006A has a pole 4006P and a
front end 4006M. . '

Figure 70 is an. explanatory view comparing the
shapes of the projections 4005A and 4006A of the metallic
mold pins 4005 and 4006 of Figs. 69A and 69B and draws
part of the projections 4005A and 4006A overlappingly.

The front end 4005M of the-pfojection 4005A of the

metallic mold pin 4005 has the same shape as the front

‘end 4096“ of the projection 4006A of the metallic mold

pin 4006, and its maximum diameter is 1la.

The diﬁmeter of the pole 4005P of the projection
4005A of the meﬁallic_mold_pin 4005 is a constant,#alue
(la + 1b x 2), while the diameter gf the pole 4006P of
the projection 4006A of thé metallic mold pin 4006 is the
constant vélue (1la). | |

The projection 4005A of the metallic mold pin 4005
is thicker than the projection 4006A, so can improve the
stfength of'the projection in comparison with the

metallic mold pin 4006. At the same time, the machining
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of the front end of the projection is easy.

In the embodiment, the metallic mold 4009 uses two
metallic mold pins 4004 and 4005, but a further larger
number of metallic mold pins can be used as well. By
arranging a plurality of metallic mold pins having sharp
front ends (for-example arrénging them in a méﬁrix form);
it is possible to form a micro—lens'array. 

Note that the optical Qaterial to be injected into
the cavify 4001 may be made a molten glass made §f
silicon oxide, while the optical material 4018G may bé
tantalum oxide, niobium oxide, titanium oxide, gallium ..

phosphate (gallium phosphorus), gallium nitride, a

| compound of tantalum, titanium, and oxygen, and so on.

By making the refractive index of the optical
material 4018G largér than the refractive index of the
optiéal material of the base 4012, tﬁe function of a
convex lens can be imparted to the holes 4014M and 4015M
and the base 4012A adjacent to the related holes 4014M
and QOISM; |

By making-the refréctive indéx of the optical
material AOISG'smallef than thg refractive index of the
optical material of the—base.éolz, the function of a
concave.léns can be imparted to the holes 4014M and 4015M
and the base 4012A adjacent to the related holes 4914M

and 4015M.
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The metallic mold pins 4004 and 4005 may be provided
at an upper side of the qetallic ﬁpld 4009 or may be
provided at a lower side.

Note that the above embodiments are illustrations of

the present invention. The present invention is not

limited to the above embodiments.

Note that the-reftactive ihdex of the glasé used in
the mold lens is 1.4 to 1.; as an examplé.

As the optical material of the optical dévice
according to the present invention, particularly an
optical material having a largé refractive index (of high
refractive index) filled in the concavity of the haée,
use can be made-of for example aluminum oxide (Al,0,
having a refractive.inde#.of for.example about 1.8),
titanium oxide (TiO, having a refractive index of for
exémple~about 2.5), tantalum oxide (Ta,0, having a
refractive indek of about 2.4), or gallium phosphate (GaP
having a refractive index of for example about 3.3). By
using the above optida; materials; an optical_device
having a large numerical aperﬁure can bé-prepared.

Also, as the optical material df_the opticél device
according to the present invention, particularly the

optical material filled in the concavity of the base, use

.can be made of compounds such as Ta,,Oy,, Ti,;Oy;, Al;;0y,,

81;40rss SiysNys;, MGxeFysr G8y;Ny;, GaysPya, TiygNbys0yy,
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Ti,(Ta;,0,, and Nb,0,,. Note X1 to X9, Y1 to Y9 and Z6 to
Z9 are numeéals enabling thé above compounds.

Note that the above embodiments are illusﬁrations of
the present invention. The present invention is not
limited to the above embodiments.

Summarizing the effects of the inventioﬁ, in this
way, according to the pfesent invention, an optical
device having a_smalllsize; or a small size and a large
numerical aperture is provided.l_

Further, an optical system comprising the.optical
device, that is the optical de§ice having a small size,
or a small size and a large numerical aperture, is
provided.

?urther, a method of pro&uction of an optical device
for producing such optical device, that islthe optical
device having a small size, or a small size and a large
numerical aperture, is p:ovided.

Still further, a @oid for production of an optical
device for using in such method of the optical device is

provided.
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What is claimed is: bos _
1. " an optical device coﬁprising:

a first optical portion made of a first optical
material and having a concavity ; and

a second optical portion comprising a second
optical material having a.refractiVe index different from
that of the first éptical material, and inserted iqto the
concavity.
| 2. An'optical-device as set forth in claim 1,

wherein the first optical portion has a first
flat surface located at an area arou#d.a circumferential
edge of the concavity, and a second flat surface
suhstantially parallel to the first flat surface,

wherein the second optical material comprises a

liquid-like-optical.material and is filled in the

. concavity; and

further cohprising a layer made of an optical

materiai_fqr sealing the concavity filled with the secoﬁd

optical material on the first flat surface of the first

optical portion from.which the concﬁvity is formed.

3. Aﬁ optical device as set forth in cléiﬁ 2,
wherein the second dptical_portion comprises an optical
oil or a liquid crystal.

4. An optical device as set forth in claim 2,

wherein the concavity has a substantially rotationally
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symmetric shape with reset to an optical axis, and the
shape of the surface of the concavity when the concavity

is cut along its symmetry axis is an arc or an

~substantially arc.

‘5. An optical device as set forth in claim 1,
wherein a refractive_index of saia first optical material
is between 1.3 and 1.9.

6. An optical device as set forth in claim 1,
wherein the refractive index of said second optical
material is between 1.4 and 4.0.

7. An optical device as set forth in claim 5,
wheréin the first optical material comprises titanium
oxide, tantalum oxide, gallium-phosphaté, gallium
nitride, a compound of titanium, niobium, and oxygen, a
compound of titanium, tantalum, and oxygen, or silicon
nitride. |

8. An optical device as set forth in claim 6,
wherein the second optical material comp;ises titanium
oxide, tantalum oxide, gallium phosphate,_gallium
nitfide, a compound of-titanium, niobium, and oxfgen, a
compound of titanium, tanfalum, and oxygen, or silicon
nitride. |

9. An optical system comprising first and second

optical devices,

the first optical device having
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a first optical portion made of a first
optical material and having a first conéavity_and
ﬁ sécond.optica; portion compriéing a
second optical material having a refractive index
different from that of the first optical material and
inserted into the first concavity, and
the first concavity héﬁing a subsfantially_
rotationally symmetric shapé-with respect to an optical
axis;. |
the.second optical device haviﬂg
a third optical portion made of a ﬁhird
optical material and having a second concavity and
a fourth optical portion comprising a
fourth optical material having a refractive index
different from that of the third optical material and
inserted into the second concavity, and |
the second concavity héving a
substantially-rqtationally symmetric shape with respect
to the optical axis, |
tﬁe first and second optiéal devices being”
bonded so that.symmetry'axes of the first and second
concavities meet the opticallaxis.
10. An optiéai system as set forth in claim 9,
wherein;

the first optical portion has a first flat
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surface located at thé area around the circumferential
edge of the concavity and a second flat surface
substantially parallel with respect to the first flat
surface,

the outer surface of the second optical portion

inéerted in the first concévity-and the second flat

| surface are located in an substantially identical plane,

the third opticai portion has a third flat
surface located at the area around the circumferential
edge of tﬁe second concavity and a fourth flat surface
substantially parallel'with respect to.thé fourth flat
surface, and |

one of the first and second flat surfaces is
bonded with the third flat surface.

11. An optical system as set forth in claim 10,

wherein;

the first concavity is larger than the second
concavity,

the second flat sufface'of the first optical
portion and the third flat surface of the third optical
portion are bonded,

the second optical material has a refractive
index greater than that of the first optical material,

the fourth optical material has a réfractive

index greater than that of the third optical material,
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to thereby form a solid immersion lens
comprising the second optical material filled in the
first concavity and the fourth optical material filled in
the second concavity.
12. An optical sYsteﬁ as set forth in claim 11,
Qherein'thé refractive indexes of said first optical
material and said third optical material are between 1.3

and 1.9.

13. An optical system as set forth in claim 11,

| wherein the refractive indexes of said second optical

material and said fourth.optidal material are between 1.4
and 4.0.

14. An optical system as set forth in claim 12,
wherein the first optical material comprises titanium
oxide, tantalﬁm oxide, gallium phosphate, gallium

nitride, a compound of titanium, niobium, and oxygen, a

compound of titanium, tantalum, and oxygen, or silicon

nitride.

15. An optical system as set forth in claim 13,

wherein the second optical material comprises titanium

- oxide, tantalum oxide, gallium phosphate, gallium

nitride, a'compound of titanium, niobium, and oxygen, a
compound of titanium, tantalum, and oxygen, or silicon
nitride.

16. An optical system as set forth in claim 12,
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wherein, the third optical méterial comprises aluminum

.oxide.

17. An optical system as set forth in claim 9,
combrising'a slider of an optical head attached to a
swing arm.

-18.-.An opticél system as set fqrﬁh in claim 9,
fufther comprising a lens,
the lens being sﬁaped by a substantially
rotaﬁionally symmetric curved surface and the flat
surface, and .

the lens and the optical device being bonded so

that the symmetry axis of the concavity and an optical

axis of the lens meet.an'optical axis.
19. - A method of production of an optical device
comprising a first optical portion made of a first

optical,material-and having a concavity and a second

optical portion comprising a second optical material

having a refréctiye.index different from that of the

first optical material, and inserted into the concavity,

including:

a step of injecting the first optical material
into a metallic mold formed with a prgjgction préjecting
out into a cavity to form éhe first optical portion made

of the'fi;st'opﬁical material with a concavity

_ reproducing the shape of the pfojection; and
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a step of filling the second §ptical portion in
the concavity of the molded.

20. A method of production of an optical device as
set forth in claim 19, further comprising a step of
flattening:the-surface of the second optical portion
filled in ﬁhe concavity.

21. A method of production of an optical device as
set forth in claim 20, wher;in;'

'the projection of the first opticai portion has
a substantiaily totationally symmetric shape with réspect

to an optical axis, and the-éection-of shape of the

surface éf the projectidn is an substantially arc, and

in the flattening step, the surface of the
second optical portion is polished so that a flat plane
substantially vertical with respect to the symmetry axis
of the concavity reproducing the shape of the projection
is formed.

22. A method of production of an optical device as

‘set forth in claim’ 21, further comprising a step of

polishing the first optical portion so that a flat
surface-substantially parallel to the surface of the
flattened second optical portion is formed.

23. A method of prod#;tiqn of an optical device as
set forth in claim 19, the first opticai.material

comprises titanium oxide, tantalum oxide, gallium
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phosphate, gallium nitride; a compound of titénium,
niobium, and oxygen, a compound of titanium, tantalum,
and oxygen, or silicon nitride.

24. A method of production of an opticﬁl device as
set forth in claim 18, the second optical material
comprises titanium oxidé, tantalum oxide, gallium
phosphate, galliﬁm_nitride, a compound of titanium,
niobium, and oxygen, a camp;und of titanium; tantalum,
and oxfgen, or silicon nitride.

25. A method of production of an optical device
cqﬁprising a first optical portion,méde of a first
optical material and having a concavity and a second
optical portion comprising a second optical material
having a refractive index different from that of the
first optical material, and inserted into the concavity,
including: |

a step of forming a resist'haying a hole in the
flat surface of the first optical portion made of the
first optical material;

| -a step of forming a concavity corresponding to
the hole in the first opticai porﬁion by gtching;

a step of removing-a resist from ﬁhe first
opticél portion with the concavity formed therein; and

a step of filling the second optical portion in

the cohcavity of the first optical portion from which the .



10

15

20

25

174 AN O A VAT
% ¢ L M s *

-

resist is removed.

26. A method of production of an optical device as
set forth in claim 25, further comprising a step of
flattening the surface of the second optical'pogfion
filled in the concavity. |

27. A method of production of an optical device as
set forth in claim 26, wherein;

the hole is subséantially-circular,

the concavity has a substantially rotationally
symmetric shape, and |

in the flattening step, the surface-of'th;
second optical poftion is polished so that a flat surface
substantially vertical with respect to the symmetry éxis
of the concavity is forméd. |

| 28. A method of proddction of an ﬁptical device as

set f;rth in clﬁim 26, further comprising a step of
polishing the first optic&l pgrtion so £hat.a flat

surface substantially parallel with respect to the

‘surface of the flattened second optical portion is

formed.
29. # method of production of an optical device as
set forth in claim.zs, wherein;
the hole is substantially circular,
the concavity has a substantially rota£ion§11y

symmetric shape, and
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the shape of the surface of the concavity in
the case when the Ebncavity is cut along its symmetry

axis is an substantially arc.

30. A method of production of an optical device as

set forth in claim 25, wherein the first optical material

comprises tiganium oxide, tantélum oxide, gallium
phosphate, gallium nitiide, a compound of titanium,
niobium, and oxygen, a coméound of titanium, tantalum,
and oxygen, or silicon nitride. |
| 31. A method of prbduction of an optical device as
sei forth in claim 25;,wher§in the second optical
material coﬁprises titanium oxide, tantalum oxide,
géllium phosphate, gallium nitride, a compound of
titanium, niqbium, and oxjgen, a'compound.of titanium,
tantalum, and oxygen;'or-silicon nitride. |
32. A method of production of an optical device as
set forth ig ciaim-zs, wherein the step of filling the
second optical portioh has |
| | a step of filling the second optical portion in
the concavity of the first obtical.portion from which the
resist is reﬁoved'and
a step of sealing the'cohcavity filled with the
second optical portion by a layer made of an optical
material. -

33. A method of production of an optical device as
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set farth iﬁ.claim 32,'wherein;
the‘layér for sealing the concavity is formed
by a film having a substangiﬁlly constant_thickness; and
_the second opticél portion is an optical oil or
liquid crystal,
34. A methqd of production of an optical device
cgmprising a first optical portion madé.of-a first

optical material and haviné a concavity and a second

~optical portion comprising a second optical material

having a ref:aétive index different from that of the
first optical matefial, and inserted into the concavity,
including: |
a step of fbrﬁing on a third opticai portion
provided with a projection and having a.flai-area around
the projection the first optical portion made of a lafer
of the first optical material burying the.projectiOn,.

a step of flattening the surface of the first

~optical portion tb form a flat surface and bonding the

related flat surface to a third base material made of a
third optical material, |

| a step of removing the third optical portion
from the first optical pdrtion bonded to the third base
material to expose the goncavity reproducing the'shaée of
the projection in the first optical portion, and

a step of'filling the second optical portion in
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the c;ncavity of the exposed first optical portion.

35. A method of production of an optical device as
set forth in claim 34,.further comprising a step of
flattening the surface of the second optical portion
filled in the concavity.

36. A method of production of an optical device as
set forth in claim 35, ﬁherein

the projection hés a substantially rotationally-
symmetric shape, and

in the flatténing-step, the surface of the
second optical portion is bolished_so that a flat surface
substantially vertical with respect to #he.symmetry axis
of thé concavitf_rebroducing the shape of the projection
is formed. |

37. A method of production of an optical devicé as

set forth in claim 35, further comprising a step of

. polishing the third base material so that a flat surface

substantially parallel to the surface of the flattemned.
second optical portion is formed.
. 38. A method of production‘of an optical device as
set forﬁh in claim 34, wherein;
the projection_has a substantially'rotationally
symmetric shape, and |
the shape of the surface of the projection when

the projection'is cut along its symmetry axis is an
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sqbstantially arc.
| 39. A method of production of an optical device as
set forth in claim 34, wherein the first optical material
and the third optical material are identical optical
materials. |

40. A method of production of an optical device as
set forth in claim 34, wherein the second optical portion
is titanium oxide, tantaluﬁ'oxide, gallium phosphate,
gallium nitride, a.ccmpoﬁnd of tiﬁanium, niobium, and
oxygen, a compound of titanium,-tantalum, and oxygen, or
silicon nitride. |

41. A method of production of an optical device as

"set forth in claim 34, wherein;

the-second.oﬁtical portion is a liquid-like
optical material, aﬁd
the step of filling the second 6ptica1 portion
has |
a step of filling the secdnd optical
portion in the concafity éf the exposed first optical
portion énd
a step of sealing the concavity filled
with the second optical por?idn by a layer made of an

optical material.

42. A method of productioh of an optical device as

set forth in claim 41, wherein;
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the layer for sealing the concavity is formed
by a film having a substantially constant thickness, and

the second optical porﬁion is an optical oil or
liquid cryStai.'

43. A method for production of an optical device

‘having a first optical portion made of a first optical

material énd having a concavity and a second optical
portion comprising a secon& optical material having a
refractive index different frah'thaﬁ of the first optical
naterial, and inserted into the concavity, comprising:

a step of forming.resist fiims having win;ows
on substantially flat first and second flat surfaces
facing each other of a first optical portion made of the
first op#ical.material;

" a step of forming concavities corresponding to
the wiﬁdows in the first and #ecoqd flat surfaces of the
firsi.optiCAI portion by etching;

a step of removing the resist films from the
first optical portion with the concévities formed
therein; and |

a stép of filling the second op£ica1 portidn in
the concavities of the first and_second flat surfaces'of
the.first optical portion from which the resist films
have been removed.

44. A method of production of an optical device as
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set forth_in claim 43, further comprising a step of
flattening the surface of the second optical portion
filled in the céncavities of the firét and second fl#t
surfaces.
45. A method of produétion of an optical device as
set forth in claim 44, wherein
| the windows are substantially circular,
the concavities ﬂave'substantially rotationally
symmetric shapes with reépect to thé optiéal axis, and
the flattening step has
'a.step df polishing the-éurface of the
second optical portion filled in tﬁe concavity of the
first flat surface-s§ that a flat surface substantially
vertical.with'respect to the symmetry axiS of the
concavity of the first flat surface is formed, and

a step of polishing the surface of the

second optical portion filled in the concavity of the

second flat surface so that a flat surface substantially
vertical with respect to the symmetry axis of the
concavity of the second flat surface ié formed.
46. A method of production of an optical device as
set forth in claim 43, wherein;
the seéond optical portion is a 1iqﬁid—like
optical material, and

‘the step of filling the second optical portion
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has a step of filling the second optical.éortion i# the
concavity of the first face of the fifst optical portion
with the resist film removed £herefrom and sealing the
concavity of the related first face by a first layer made
of the optical material and then filling the second
optical portion in the concavity of the second face and
sealing the concavity of the related Second-face by a
second layer made of the optical material.

47. A method of'production of an opﬁical device as

set forth in claim 46, wherein the second optical portion

‘is an optical pii or liquid crystal.

48. A method for production of an optical device a
first optical portion made of a first optical material
and having a concavity and a second optical portion

comprising a second optical material having a refractive

'indgx different'from that of the first optical material,

and inserted into the conéavity, comprising:

a step of forming on a third optical portion
érovided.wifﬁ a first projection and having a flat area
around the first projection a first qptical'portion made
of a layer of the first optical material burying the
first projeétion;' | |

a step of forming on a fourth optical portion
provided with a second projection and having a fl#t'areg

around the second projection a third optical portion made



10

15

20

25

-

- RN

of a layer of the first optical material burying the
second projection;

a step of_flattening the surféce of the first
optical portion to form a flat surface and Bonding the
related flat surfaée to a fifst £1a£ surface among facing
first and second flat surfaces of.a fifth optical pdttion
made of a third optical material;

| a step of flattening the surface of the third
optical portion to form a flat surface and bonding the
related flat surface to the second fiat surface of the
fifth optical-po:tion; |

a step of removing the second and fourth
optical portions from the first and third optical
portions bonded to the fifth optical portion and exposing
concavities with the shapes of the first_and'second
projéctions tfansferred.theretd in the:first and third -
optical portions; and |

a step of filling the second optical portioh in
the goncavities-of the exposed first and third optical
poftions, o

49. A method of production of an optical device as
set forth in claim 48, further comprising a step of
flattening the surface of the second optical porﬁion
filled in the concavities of the first and third optical

portions.
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50. A method of Prodﬁction of an optical device as
set forth in claim 49, wherein;
the first:and second projectibns have
substantially rotationally symmétric shapes with respect
to the optical axis, and |
the flattening step has
a step of polishing the surface of the
éecond opﬁical portion filled in the concafity of the
first optical portion so that a flat surface
substantially vertiéal with respect to the symmetry axis
of the concavity of the first optical portion with the
shape of the first projection transferred thereto is
formed and
a step of polishing the surface of the
seconé'optical portion filled in the‘concavity of the
third optical portion so that a flat surface
substantially vertical_with respegt to the symmetry axis
of the concavity of the third optical portiqn with the
shape of the second projection t;ansferred thereto is
formed.
51. A method of production of an oﬁtical.device as
set forth in claim 50, wherein
the second optical portion is a liquid-like
6ptica1 materiél, and

the step of filling the second optical portion
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has a step of filling theléecond optical portion in the
concavity of the gxposed'first optical portion and
sealing the concavity of the related first éptical
portion by a first layer made of thelopticaL material and
theh filling the second optical portion in the concavity
of the third optical pbrtion:and sealing the concavity'bf
the related third optical portion by a second layer made
of the optical_material. |
52. An optical device, comprising:

a convex lens formed with a convex curved face;
and |

a first optical portion cldsely contacting the
convex curved face of the convex lens, wherein;

the first optical portion has first and second
faces facing each other, a concave curved face closely
contacting the convex curved face being formed in the

first féce, and a hole communicating with the second face

being formed fram.a deep side of the concave curved face,

and

part of the convex curved face of the convex
lens is exposed in the hole éf the first optical portion.
53. An optical device as set forth in claim 52,
wherein;
the convex lens has a rotationally symmetric or

substantially rotationally symmetric shape surrounded or
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.substintiélly surrounded by a flat surface and the convex
curved face facing this fl#t surface, and

an optical axis of the convex lené or an
extension thereof passes through the hole.

54. An optical device as set forth in claim 53,
whetgin the area around the concave curved face in the
first face of the first optical portion is substantially
flat and substantially parallel to tﬁe-flat surface of.
the.convex lens.

55. An optical device as set forth in claim 54,
wherein.the area around the concave curved face in the
first facé of the first optical portion is flat or
substantially flat and located iq an.identical pléne or
substantially identical plane

. 56. an optical device as set forth in claim 53,
wherein; _ | .
thé hole has a rotationally symmetric or
substantially r&tationally'symmetric shape,
the ;otational syﬁmetry axis of the hole and
the optical axis of the convex lens coincide or
substantially coincide, and
| the concave curved face forms an.annular
inclined face.
57. An optical device as set forth in claim 53,

wherein the material of the convex lens can be made
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titanium oxide, tantalum'oxide, niobium oxide, gallium'
phosphate, gallium nitride, a compound of titanium,
niobium, and oxygen, a compound of titanium, tantalum,
and'oxygeq, or silicon nitride.
58. An optical system comprising first and second

optical devices, wherein; |

£he'£irst optical defice has a first.cdnvex
lens formed with a convex curved féce and a first optical
portion with the convex curved face of the first convex
lens bonded tﬁereto;

the first optical portion.has first and second
faces facing each other, a concave curved face closely
contacting the convex curved face being formed in the

first face, and a hole communicéting with the second face

'being formed from a deep side of the concave curved face;

part of the convex curved face of the first
coﬁvex len§ is exposed in the first hole of the first
optical portion;

the second optical device has a second convex
lens with the convex Curved.facé formed thereon and a
third optical portion with the convex curved face of the
second convex lens boﬁded thereto; and

the third optical'po:tion'has'third and fourth
féces facing each o#her, a concave curved face closely

contacting the convex curved face of the second convex
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lens Being formed in the third face, enq the first and
second optical devices heing bonded so that the optical
axes of the first and second convex lenses coincide or
subsﬁantially coincide.
59ﬁ An optical system as set forth in claim 58,
wherein;
the first convex lens has a rotationa;ly

Symmetriclor substantially:retationaliy symmetric shape

surrounded by the flat surface and the convex curved face

:facing this flat sufface, and

the optical axis of the first convex lens or
the extension thereof passes through the first hole.
60. An optical system as set forth in claim 59,
wherein;
the second face of the first optical portlon is
flat or substantially flat and parallel or suhstantxally
parallel to -the flat surface of the first convex curved
face, and
the area around the concave curved face in the
first face of the first'optical portien is-flat or
substantially flat and parallel or substantxally parallel
to the flat surface of the first convex.lens.
61. An optical system as set forth in elaiﬁ 59,
wherein;

the second face of the first optical portion is
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.subst;ntially flat and substantially parallel to the flat

surface of the first convex curved face, and

the area around the concave curved facé in the
first fade of the first optical portion is flat or
substantially fiat and 1ocatgd iﬁ the identical plane or
substantially identical plane to the flat surface of the
first convex lens. |

62. An optical system as set forth in claim 59,

wherein;

the first hqle has a substantially rotation#lly
symmetric shape with reépgct to the optical axis,

the rétational symmetry axis of the first hoie
énd the optica1 axis of the first coﬁvex lens coincide or
substantially coincide, and |

the concave curved face.of'ghe first optical
portion_forms an Annul#r incliﬁed face.

63. An optical system.as set forth in claim 62,

whe:eig;

in the third optical portion; a second hole
cammunicaiiné with the fourth face is formed from the:
deep side of the concave curved face closely contacting
the convex curved face of thé*second convex lens, and

part of the convex curved face of the second

‘convex lens is éxposed in the second hole of the third

optical portion.
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64. An optical system as set forth in claim 63,
wherein;

the second convex lens has a rotationally

- symmetric or substantially rotationally symmetric shape

surrounded by the flat surface and the convex curved face

facing this flat surface, and
£he.optica1 axis of the second convex lens or
the extensiéy thereof passes through the second hole.
65. An optical systeﬁ as set forth in claim 64;
wherein;
the fourth face of the third opﬁical portion is

flat or substantially flat and parallel or substantially

'parallél to the flat surface of the second convex curved

face, and

the area around the concave curved face in the
third face of the third-opticai_portion'is flat or
substanﬁially flat_gnd éarallel or substantially parallel
to £he flat surface of the second convex iens.

66. An optical system as set forth in claim 64,

wherein; |

the fourth face of the third optical portion is
fla£ or substantially flat and pa;éllel or subsﬁantially
parallel to the-fiat.surface of the second convex curved

face, and

the area around the concave curved face in the
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third face of the third optical portion is fiat or
substantially flat and located in the identical plane or
substantially idehtical-plane to thg flat surface of the
second convex lens. |
67. An opticallsystem as set forth in claim 66,

wherein;

the second hole has a'rotétionally symmetric or
suhst#ntially rotatiﬁnallyisymmetric shape with respeét
to the optical axis,

the rotational symmetry axis of the second hole

and the optical axis of the second convex lens coincide

or substantially coincide, and

the concave curved face of the third optical

fortion forms an annular inclined féce. |
68. An optical sfstem as set forth in claim 66;

wherein the material of the.fiﬁst a§d/or second convex
lens is titaniuﬁ oxide, tagtalﬁm oxide, niobium-oxide,
gallium phosphate, gallium nitride, a compound of
titanium, niobium, aﬂd oxygen, a compound of'titanium,
tanﬁalum, and oxygen, or silicon nitride.

69. An optical system as set forth in claim 66,

‘'wherein;

the first convex lems is larger than the second
convex lens,

the first face of the first optical portion and
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the fourth face of the third optical portion are bonded,
and

a solid immersion lens is comprised by the

first and second optical devices.

70. An optical system as'set forth in.claim 66,
wherein the material of ﬁhe third optical portiom is
aluminum oxide or-silicon oxide.

;1. A method fof production of an optical device
having a convex lens and a first optical portion closely
contaéting the convex curved face of this convex lens,
comprising:

-a step ;f using a mefallic mold formed with a
projection projectin§ out intq a cavity to mold a first
optiqal pqrtion fotmed with a concavity reproducing the
shape of the.proﬁection; |

a step of filling an optical material in tﬁe
céncavity-of the molded optical portion;

a step of flattening the surface of the optical
material filled in thelcbncavity to_fdrm the convex lens;
and

a step oi.forming a hole so that part of the
convex curved face closely contacting the concavity in
the convex lens is exposed in the first optical portion.

72. A method of production of an optical device as
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set forth in claim 71, further comprising a step of
polishing the first optical portion so that a flat
surface parallel or substantially pérallel with respect
to the surface of the flattened optical material is
fofmed. |

73. . A method of production of an optical device as
set forth in claim 73, wherein the step of forming the
hole in the first optiéal portion has

# step of forming a resist film having a window
on the flat surface of the first oétical portion formed
in the step of polishing the first optical portion,

a step of forming a hole corresponding to the
window-in the first optical portién by etching, and

a step of removing the resist film from the
first optical portion.

74. A method of prdduetidn of an optical device as._
set forth in claim-73, whereiﬁ the window has a circular
or substantially ci?cular shape.

75. A method of production of an optical device as
set forth in claim 73, wherein |

the step of filling the opticai material has

a step of forming a coating film covering
theisurface of the-concavity.of the mold optical poftion

and

a step of filling a optical material in
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the concavity formed with the coating film,
the step of forming the hole in the first
optical po#tion.has.
a step of forming a resist film having a

window on the flat surface of the first optical portion

' formed in the step of polishing the first optical

portion,

‘a step of forming a hole reaching the
coating film from the window in the first optical portion
by etching, |

a step of removing the resist film from
the first optical portion formed with the_hoie, and

a step of removing the part of the éoating
film exposed in the hole.

76. A method of production of an optical device as

set forth in claim 77, whereinithe window has a circular

or subsfantially circular shape.

717. A method of productibn of an optical device as
set forth in claim 72;'wherein
the projection has a rotationally_symmetric or
substantially rot&tionally symmetric shape, and
in the step of forming the convex 1ens; the
surface of the optical material is polished so that a
flat surface vertical or substantially vertical with

respect to the'symﬁetry'axis of the concavity with the
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shape'af the projection transferred thereto is forméd.

78. A method of production of an opticél device as
set forth in claim 77, wherein the shape of the surface
of the projection when the projection is cut alohg its
symmetry axis islan arc or substantially arc.

79. A method of production of an optical device as

‘set forth in claim 71, wherein the optical material is

titanium oxide, tantalum oxide, niobium oxide, gallium
phosphate, gallium-nitride, a compound of titanium,
niobium, and oxygen, a compound of titanium, tantalum,
and oxygen, or siiicon nitride.

80. A method for production of an optical device
having a convex lens and a first.opticai portion closely
contaéting the convex curved face of this convex lens,. |
comprising: |

a step of fogming a first resist film having a
first window in the.flat surface of the first optical
pértion; |

a step of forming é concavity éorresponding to
the first window in the firstﬂoptical portion by etching;

a step of removing the.first'resist £ilm from
the first optical portion formed with the concavity;

a step of filling am optical materiai.in the
concavity of the first optical portion from which the

first resist film is removed;
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a step of fiattening the surface of the optical

material filled in the concavity to form the convex lens;

and

| a step'of forming a hole whereby part of the
convex curved face closély contacting the concavity in
the convex lens is exposed in the first optical portion.

81. A method of production of an optical device as
set forth in claim 80,.furﬁher comprising a step of
polishing the first optical portion so that a flat
surface parallel or substantially parallel with respect
to the surface of the flattened optical material is
formed.

82. A method of production of an opticai device as
set forth in claim 81, wherein the step of forming the
hole in the first optical fortion has

a step of forming a.Second resist film having a

second window in the flat surface of the first optical

portion formed in the step of polishing the first optical

portion,

'a.gtep of forming a hole corresponding to the
éecond window in the first optical portion by eéching,
ahd'

a step of removing the seéond resisf film from
the first optical portion formed with the hole.

83. A method of production of an optical device as
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sét forth in claim 82, wherein the second window has a
circular or substantially-éircular-shapé.
84. A.method of productioﬁ of an optical device as
set forth in claim 81, wherein
the step of filling the optical materiél has

a step of forming a coating film covering

the surface of the concavity of the first optical portion'

from which the first resist film has been removed and

a step of filling an optical material in

- the concavity formed with the coating film, and

the step of forming the héle in the first
optical portion has

a step of forming a second resist film
having a second winddw iﬁ-the flat surface of'fhe first
optical portion formed in the.step of polishing the first
optical porfioﬁ,

a step of forminj“a hole reaching the
COating.film'from the second window in the first opticél
pbrtion.by-etching, | |

| a stép of removing the second resisflfilm
from ﬁhelfirst optical portion formed with the hole, and

a step of removing a part exposed in the
hole in the coaﬁing film.

85. A method of'productioh_of an optical device as

set forth in claim 84, whérein the second window has a
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circular or subStantially circular shape.

86. A method of production of an optical device as

set forth in claim 80, wherein

the first window is circular or substaniially
circular, |

the concavity has:a rotationaliy symmetric or
Substantially rotationally symmetric shape, and

| in the step of forming the convex lens, the
surface of the optical material is polished so that a
flat surface vertical or substantially vertical with
respect to the symmetry axisiof the concavity.is formed.

..87. A method of production of an optical device as
set forth in cléim 86, wherein the shape of the surface
of the concavity when the concavity is cut along ifs
symhetry axis is an_aré or substantially arc.

88. A ;ethod of production of aﬁ optical device as
set forth in claim 80, wherein the optical material is
titanium;oxidé; tantalum oxide, niobium oxide, gallium
phosphate,.gallium nitride,.a'compound of titanium,
niobium, and oxygen, a coﬁpound of titanium, tanta;um,
and-oxyéen, or silicon nitride.

89. A method for proQuction of an optical device
having a convex lens and a first optical portion closely
contacting the convex curved face of this convex lens,

comprising:
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a step of forming on a third optical portion
pro?ided with a prdjection and having a flat area around
the projection a first optical portion made of a layer
burying the projection; |

a step of-flattening the surface of the first
éptical portion to form a flat surface and bonding the
related flat surface to a third opticél portion;

a step of removing the third optical portion
from the first optical portion bonded to the third
optical portion to expose the concavity with the shape of
the projection transferred thereto in the first opﬁical
portion;

a step of filling an3optica1 material in the
exposed concavity of the first opticallportion;_

a step of_flattenihg th§ surface of'the opt;cal
material_filled in the concavity to form the convex lems;

and

a step of forming holes,whereby.part.of the
coniex curved face closely contacting the concavity in
the convex lens is expdsed in the first and thifd optical
portions. |

90. A method of production of an optical device as
set forth in.plaim 89, further comprising a step of
polishing the third optical portion so that a flat

surface parallel or substantially paréllel with respect
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to th; surface of the flattened optical material is
formed. |
91. A method of production of an optical device as
set.forﬁh in claim 90, wheréin
the step of forming the holes in the firs£ and
third optical portions has
\ | a step 6f-forming a resist film having a
window in the flat surface of the_third'optical portion
formed in the step of polishing the third optical
portionm,

a step of forming holes corresponding to
the ﬁindows in the first and third,optic&l portions by
etching, and | |

a step of removing the resist films from.
the first and third optical pbrﬁions formed with the
holes formed. o

92. A'methodjof production of-an opticél device as
set forth in claim'91; wherein the windows have circular
or sdbstantially circular shapes.

53. A method of production of an optical device as
sgt forth in claim 90, wherein |

the step of filling the optical material has
a step‘of forming a coating film covering

the surface of the exposed concavity of the first optical

portion and -
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a step of filling the optical maferial in
the concavity formed with the coating film, and
the step of forming the hole in the first

optical portioﬁ has

a.step ofzfoiming-a resist film having a
window in the flat surfaée §f the third optical portion
formed in the step of polishing the third optical
portion; .' |

a step of forming holes reaching the

coating film from the window in the first and third

optical portions by etching,

a step of removing'the resist films from
the first and third optical portions formed with the
holes fdrmed, and a step of removing the'paft exposed'in
the hole in the coating film.. | |

. 94. A method of producﬁiod of an optical defice as
set forth in claim 93, wherein the windows have circular
or substantially circular shapes.

95. A method of proddction of an opticai device as
set forth -in claim 89, wherein |
| the projection has a rotatioﬁally
symmetric or suhstantially rotationilly symmetric shape,
and | | |

in the step of forming the convex lens,

the surface of the optical material is polished so that a
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spherical or substantially spheridal shape.
| 101. An optical device as set forth in claim 99,
wherein;
the hardenedibptical maﬁerialnhaS'first and
second faces facing each other, |

the concavity is formed in the first face, the

. area around the concavity is flat, énd.

the area around of the concavity in the first

face and the second face are parallel or substantially

parallel to each other.

102. An optical device as set forth in claim 101,
wherein an optical material having a refractive index
different from that of the first optical portion is -
filled in the conéavity,

103. A metallic mold for production of an optical
device made of an optical material, comprising

a cavity into which an optical material in a
molten state or softened state is filled and

a pin for fqrming a concavity in the optical
material in the moiten state or softehedlstate in the
cavity,

wherein the pin projects out into the cavity
while penetrating through a wall of the'cavity from the
6utsida.

104. A metallic mold for production of an optical



10

15

20

25

o

- flat %urface vertical or substantially vertical with

respect to the symmetry axis of the concavity with the

- shape of the projection transferred thereto is formed.

96. A method of production of an optical device as

set forth in claim'95, wherein the shape of the surface

- of the projection when the projection is cut aloﬁg its

symmetry axis is an arc or substantially arc. -
97. A method of production of an optical device as -

set forth in claim 89, wherein the first and third

'_optical portions are made of an identical material.

98. A method of ptoduéfibn of an optical device as
set forth in claim 89, wherein.the optiéal material is
titanium okide, tantalum oxide, niobium oxide, gallium.
phosphate,_gallium nitride, a compound of titanium,
nibbium, and oxygen, a compound of titanium, tantalum,
and oxfgen, or silicon nitride. | |

99. An optical device'obtéined'by_forming a
concavity by a pin in optical material in a molten state
or softened state, hardening the optical material with
£he related concavity formed therein, and polishing or
grinding a face wﬁere_the concavity is formed so that a
hole of a front end of the concavity remains in a first
optical portion obtained thereby.

100. An optical device as set forth in claim 99,

wherein the hole of the front end of the concavity has a
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device as set forth in claim 103, wherein the hole of the

froht end of the concavity has a sphericél or
substantially spherical shape.

105. A metallic mold for production of an optical

- device as set fo:th in claim 103, wherein

the pin has a~head and a projection projecting
out from the head, and
the projection has
é rounded projecting front end,
a pole having a constant diameter, and
a taper located between the front eqd and
the pole and having a shape flaring from the front end to
the pole. |
106. A metallic mold for production of an optical
device as set forth in élaim 103, wherein
the area around of the pin in the wall of the
cavity is flat, and |
| . the surface of the facing wall facing to the
wall of the related cavity is flat. |

107. A method for producing an optical device by

using a metallic mold having a cavity into which an

optical material in a molten state or softened state is
to be filled and a pin for forming a concavity in the
optical material in the molten state or softened state in

the cavity, wherein the pin penetrates through the wall
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of the cavity from the outside and projects out into the

cavity, comprising:

a step of filling_the optical material in the

- molten state or softened state in the-cavitj to create a

first optical fortion formed with the concavity by a
simple molding; and

a step of polishing or grinding the face of the
first optical'portion wheré the concavity is formed so
that a hole of a froﬁt end of the concavity remains.

108. A method of production of an optlcal device as
set forth in claim 107, wherein the hole of the front end
of the'concavity has ‘a spherical or substantially
spherical shape.

'109. A method for producing an optical device by
using a metallic mold having a cavity inﬁg which an

optical material in a molten state or softened state is

" to be filled and a pin for forming a concavity in the

optical material in the molten state or softened state in
the éaviby,_wherein the.piq penetrates through the wall
of the cavity from the ouﬁsideiand projects out into the
cavity, comprisingz l |

a step of filling the optical material in the
molten‘state or.softened state in the cavity to create a
first op#ical portion formed with the concavity by simple

molding;'
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a step of filling an optical material having'a

refractive index different from that of the first optical

portion in the concavity of the first optical portion;

‘and

a step of flattening the surface of the optical
material filled in the concavity to form a_convéx lens
madé of the related optical material.

110. A method of prodﬁctionjof an optical device as
set forth in claim ios,lfurther having a step of
polishing or grinding thehface_of the first optical’
portion where the concavity is formed so that a hole of
the front end of the concavity fi;led with the optical
material having a different refractive index remains.

111. A method of production of an optical device as
set £orth in claim-IOSy'wherein the hole of the front end
of the concavity has a sphericai or substantially
spherical shape. |

112. A method of production of an optical devicé,
comprising:

a step of forming a concavity by a.pin in an

optical material in a molten state or softened state and

a step of polishing or grinding the face where
the concavity is formed so tha£ a holé of a front end of

the concavity remains in a first optical portion obtained

- by hardening the optical material formed with the related .
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~ concavity.

113. A method of productidn of
set forth in claim 112, wherein the
of the concavity'hﬁs a spherical or
spherical shape. |

114. A method of production of

set fqrth in claim 112, wherein the

has a rounded projecting shape.

A

an_optical device as

hole of the front end

substantially

an optical device as

front end of the pin



