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(54) Compact optical unit with light emitter

(57) A compact optical unit which comprises a light
emitting section (5) for emitting a light, a first optical el-
ement (10a) having a first reflecting section (11a) for re-
flecting a light which is emitted from the light emitting
section (5), a second optical element (12) having a sec-
ond reflecting section which is disposed to face the first
optical element (10a), and a light condensing optical
system (16a) for condensing a light is formed. The first
reflecting section (11a) and the second reflecting sec-
tion are disposed so as to be diagonal to an optical axis

of a light which is incident to the first reflecting section
(11a) and the second reflecting section, a light transmit-
ting section is disposed in the first optical element (10a)
for transmitting a light which is reflected by the second
reflecting section so as to be incident to the light con-
densing optical system (16a). By disposing the optical
element such that a light beam is incident diagonally;
therefore, it is possible to propose a compact optical unit
having a high SN ratio which can be assembled easily
by using a member for supporting the optical unit highly
precisely.



EP 1 372 015 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

Incorporated by Reference

[0001] The present application is based on patent ap-
plication No. 2003-102045 filed in Japan, the content of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a compact op-
tical unit. In particular, the present invention relates to a
compact optical unit which can be inserted into a chan-
nel in an endoscope.

Description of Related Art

[0003] For a compact confocal optical system which
is used in an endoscope, it is possible to categorize two
systems generally. One is a side-view optical system in
which a longitudinal direction of its probe and a perspec-
tive direction do not coincide. The other is a direct-view
optical system in which a longitudinal direction of its
probe and a perspective direction coincide. However,
when a side-view compact confocal optical system
probe is used in a channel in a direct-view endoscope,
there is a problem in that it is difficult to specify a scope
of observation in the confocal optical system. On the
other hand, when a direct-view compact confocal optical
system probe is used in a channel in a direct-view en-
doscope, it is possible to see a position of the confocal
optical system and a perspective range easily by an ob-
jective lens in the endoscope. Also, it is possible to ad-
just the perspective range of the confocal optical system
to any object. Some of the direct-view compact confocal
optical system probes which can be inserted to a chan-
nel in the endoscope are publicly known (see following
patent document).
Japanese Unexamined Patent Application, First Publi-
cation No. 2000-171726 (pages 2 to 7, FIG. 1)

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to provide
a compact optical unit in which high SN- ratio informa-
tion can be obtained in a Z-optical path in which optical
elements are disposed such that a light beam from a
light source is incident diagonally, and the compact op-
tical system can be assembled highly precisely.
[0005] The present invention provides following de-
vice.
[0006] A first aspect of the present invention is a com-
pact optical unit which comprises a light emitting section
for emitting a light, a first optical element having a first
reflecting section for reflecting a light which is emitted
from the light emitting section, a second optical element

having a second reflecting section which is disposed to
face the first optical element, and a light condensing op-
tical system for condensing a light. In the first aspect of
the present invention, it is preferable that the first reflect-
ing section and the second reflecting section are dis-
posed so as to be diagonal to an optical axis of a light
which is incident to the first reflecting section and the
second reflecting section, and a light transmitting sec-
tion is disposed in the first optical element for transmit-
ting a light which is reflected by the second reflecting
section so as to be incident to the light condensing op-
tical system.
[0007] A second aspect of the present invention is
preferably a compact optical unit which further compris-
es a second optical element supporting member for sup-
porting the second optical element, a first spacer for
supporting the light condensing optical system and the
first optical element, a second spacer for supporting the
first spacer and the second optical element supporting
member, and a cover member for covering the outside
of the first spacer and the outside of the second spacer.
[0008] A third aspect of the present invention is pref-
erably a compact optical unit in which the light emitting
section is a tip of the optical fiber, and the second optical
element supporting member supports the optical fiber
in a direction diagonal to an axial direction of an outer
shape of the second optical element supporting mem-
ber.
[0009] In a fourth aspect of the present invention, it is
preferable that the first optical element and the first
spacer are formed as a unit.
[0010] In a fifth aspect of the present invention, it is
preferable that a spacer unit is formed by attaching the
first optical element, the first spacer, and the second
spacer, and surfaces on both ends of the spacer unit are
parallel each other.
[0011] In a sixth aspect of the present invention, it is
preferable that the first optical element is larger than a
total area containing an area of a bundle of light which
transmits the first optical element and an area for reflect-
ing a light in the first reflecting section.
[0012] In a seventh aspect of the present invention, it
is preferable that the light transmitting section in the first
optical element is an opening section.
[0013] In an eighth aspect of the present invention, it
is preferable that the first optical element is formed by
parallel flat boards, the first optical element is provided
with a cylindrical spacer which is sandwiched between
the first optical element and the light condensing optical
system, a surface diagonal to the axial line is provided
on an end surface of the cylindrical spacer, and the first
optical element is fixed on the surface diagonal to the
axial line.
[0014] In a ninth aspect of the present invention, it is
preferable that the first reflecting section is disposed in
a part of lenses which form the light condensing optical
system.
[0015] In a tenth aspect of the present invention, it is
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preferable that the second reflecting section swings by
a driving section which is disposed thereoutside.
[0016] In an eleventh aspect of the present invention,
it is preferable that the second optical element is con-
nected to a reference potential wiring which supplies a
reference potential for the driving section which drives
the second reflecting section and an X-axis driving sig-
nal wiring and a Y-axis driving signal wiring which supply
the driving voltage to each axes, and the cover member
is connected to the reference potential wiring.
[0017] In a twelfth aspect of the present invention, it
is preferable that an optical scanning probe is provided
with the compact optical unit on a tip of the optical scan-
ning probe. In this aspect, it is also preferable that the
X-axis driving signal wiring and the Y-axis driving signal
wiring are connected each other via the reference po-
tential wiring and a resistance.
[0018] In a thirteenth aspect of the present invention,
it is preferable that an optical scanning probe is provided
with the compact optical unit on a tip of the optical scan-
ning probe. Also, in this aspect of the present invention,
it is preferable that the optical scanning probe can be
inserted in a channel in an endoscope flexibly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 shows a structure of an endoscope system
according to an embodiment of the present inven-
tion.
FIG. 2 is a cross section of an optical unit according
to a first embodiment of the present invention.
FIGS. 3A to 3C show structures of parallel flat
boards according to the first embodiment of the
present invention.
FIG. 4 shows a structure of a scanning mirror ac-
cording to the first embodiment of the present in-
vention.
FIG. 5 shows a structure of a parallel spacers ac-
cording to the first embodiment of the present in-
vention.
FIG. 6 shows a area for a light bundle which trans-
mits on the parallel flat boards in an area in which
the scanning mirror freely moves according to the
first embodiment of the present invention.
FIG. 7 shows a relationship between an angle of a
light emitting end surface of an optical fiber and an
optical axis according to the first embodiment of the
present invention.
FIG. 8 is a cross section of an optical unit according
to a second embodiment of the present invention.
FIGS. 9A to 9C show structures for parallel flat
boards according to the second embodiment of the
present invention.
FIG. 10 is a cross section of an optical unit accord-
ing to a third embodiment of the present invention.
FIG. 11 is a cross section of a first optical element

according to the third embodiment of the present
invention.
FIG. 12 is a cross section for an optical unit accord-
ing to a fourth embodiment of the present invention.
FIGS. 13A and 13B show structures for the first op-
tical element according to the fourth embodiment of
the present invention.
FIG. 14 is a cross section for an optical unit accord-
ing to a fifth embodiment of the present invention.
FIGS. 15A and 15B show structures for the first op-
tical element according to the firth embodiment of
the present invention.
FIG. 16 shows a structure for parallel spacers ac-
cording to the fifth embodiment of the present in-
vention.
FIG. 17 shows a structure for a cylindrical spacer
according to the fifth embodiment of the present in-
vention.
FIGS. 18A and 18B show structures for a first opti-
cal element according to the fifth embodiment of the
present invention in which a notch is formed on a
part of the first optical element.
FIG. 19 is a cross section for an optical unit accord-
ing to a sixth embodiment of the present invention.
FIGS. 20A and 20B show structures of lenses ac-
cording to the sixth embodiment of the present in-
vention.
FIG. 21 shows an example of electric wirings in a
scanning mirror according to embodiments of the
present invention.
FIG. 22 shows an example of electric wirings in a
scanning mirror according to embodiments of the
present invention.
FIG. 23 shows an example of electric wirings in a
scanning mirror according to embodiments of the
present invention.
FIG. 24 shows an example of electric wirings in a
scanning mirror according to embodiments of the
present invention.
FIG. 25 shows an modified example of the embod-
iments according to the present invention.
FIG. 26 shows a structure in which modified scan-
ning mirror according to the fourth embodiment is
used in an optical system.
FIG. 27 shows a modified example for a scanning
mirror according to the fourth embodiment of the
present invention.
FIG. 28 shows a modified example for a spacers
according to the fourth embodiment of the present
invention.
FIG. 29 shows a modified example for a spacers
according to the fourth embodiment of the present
invention.
FIG. 30 shows an example for a structure of a spac-
ers according to the fourth embodiment of the
present invention.
FIG. 31 show a structure for a spacer unit according
to the fourth embodiment of the present invention.
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FIG. 32 is a perspective view for the spacer unit ac-
cording to the fourth embodiment of the present in-
vention.
FIG. 33 is a grand view for an optical scanning
probe.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Detail of a compact optical unit according to
embodiments of the present invention is explained with
reference to drawings as follows.
[0021] An endoscope system according to the em-
bodiments of the present invention comprises a motor
1, a processor 2, a light detecting section 3, a light
source 4, an optical fiber 5, an optical fiber coupler 6, a
scanning mirror controlling section 7, an endoscope
probe 8, and an endoscope tip section 9 as shown in
FIG. 1.
[0022] A monitor 1 is a display device for displaying
the subject as an image information. The processor 2 is
an information processing device which converts an
electric signal which is sent from the light detecting sec-
tion 3 which is explained later to an image information
so as to putout the converted image information to the
monitor 1. The light detecting section 3 detects an in-
tensity of a light which is reflected by the endoscope tip
section 9 and converts the detected light intensity to an
electric signal so as to output to the processor 2. Here,
for the light detecting section 3, any one of a photo-multi
pliers, an avalanche photo-diode, or a photo-diode can
be used.
[0023] For example, a laser diode can be used for a
light source 4. A light which is emitted from the light
source 4 is guided to the endoscope tip section 9 via the
optical fiber 5. The optical fiber coupler 6 divides a light
which is emitted from the light source 4 into two direc-
tions and leads a light which returns from the endoscope
tip section 9 to the light detecting section 3. A beam split-
ter can be used so as to realize an equivalent function
with the optical fiber coupler 6. The scanning mirror con-
trolling section 7 controls a scanning mirror 12 in the
optical unit which is built in the endoscope tip section 9
which is explained later. It is possible to obtain a two
dimensional (XY direction) image by scanning the scan-
ning mirror 12 in X direction and Y direction by the scan-
ning mirror controlling section 7. Also, it is possible to
obtain a three-dimensional (XYZ direction) image by
performing a scanning operation for the endoscope
probe 8 in a detth direction (Z direction).
[0024] The endoscope probe 8 has an endoscope tip
section 9 for containing a compact optical unit. For ex-
ample, the endoscope probe 8 observes a subject via a
small hole which is called as a channel in the endo-
scope. Also, it may be possible that the endoscope
probe 8 is inserted directly in a body of subject such as
a human body or other living organisms. Here, detail of
the optical unit which is contained in the endoscope tip
section 9 is explained in the embodiments of the present

invention.
[0025] Next, functions of the optical system according
to the present invention are explained according to a di-
rection in which a light progresses with reference to FIG.
1. First, a light which is emitted from the light source 4
enters in the optical fiber coupler 6 via the optical fiber
5. The light which is emitted from the light source 4 is
divided in two directions at the optical fiber coupler 6. A
part of the divided light enters the optical unit which is
disposed in the endoscope tip section 9 via the optical
fiber 5 again. The light which is emitted from the light
source 4 is reflected and condensed in the optical unit.
After that, the condensed light is emitted to a living or-
ganisms as a subject to be observed. The returning light
which is reflected by the subject follows the same path
as the above explained path so as to enter the optical
fiber coupler 6; thus, the returning light is guided to the
light detecting section 3.
[0026] The light detecting section 3 detects the inten-
sity of the returning light as explained above. After the
light detecting section 3 converts the detected light in-
tensity to an electric signal, the light detecting section 3
outputs the converted electric signal to the processor 2.
After the processor 2 processes the inputted electric sig-
nal so as to covert the electric signal to an image infor-
mation, the processor 2 puts out the image information
to the monitor 1 so as to display the image so as to ob-
serve it. Here, a structure of the light detecting section
3 is not limited to the above structure. It is possible to
use a detecting method making use of an optical inter-
ference in which a light source such as a Super Lumi-
nescent Diode (hereinafter called a SLD) which uses a
low coherence such as no longer than 100 µm and an
interference signal is obtained only under condition that
a length of optical paths coincide in the signal which is
observed and the signal which is referred.
[0027] Next, a compact optical unit according to the
first embodiment of the present invention which is con-
tained in the endoscope tip section is explained with ref-
erence to FIGS. 2 to 7. FIG. 2 shows a cross section
viewed in an optical axis direction of the optical unit ac-
cording to the present embodiment which is contained
in the endoscope tip section 9. According to FIG. 2, the
optical unit according to the first embodiment is formed
by a light condensing optical system 16a which compris-
es an optical fiber 5, parallel flat board 10a (first optical
element), a fixed mirror section 11a (first reflecting sec-
tion), a scanning mirror 12 (second optical element (in-
cluding the second reflecting section 12a)), a scanning
mirror supporting member 13, parallel spacer 14a (sec-
ond spacer), a cylindrical spacer 15a (first spacer), a
lens 21a, and a lens 22.
[0028] An end surface of the optical fiber 5 serves as
a pin hole in the optical system which is formed in the
optical unit according to the present invention. This
means that the end surface serves as a spotlight and a
spot-detecting device. As a result, the optical system
forms a confocal optical system. The parallel flat board
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10a is a columnar optical element which has a flat sec-
tions which are parallel with each other. The parallel flat
board 10a is provided with a light transmitting section
18a and the fixed mirror section 11a in a unitary manner
(see FIG. 3). A coating for preventing a stray light is
formed on the light transmitting section 18a for improv-
ing a light transmitting ratio and preventing a stray light.
A area where the above coating is formed coincides ap-
proximately an area of a light bundle which transmits the
coated area. Also, a coating for reflecting a light is
formed on the fixed mirror section 11a. Here, for a mem-
ber for a reflecting coating, an aluminum member, a met-
al member, a dielectric multi-layer film can be used.
[0029] The scanning mirror 12 has the second reflect-
ing section 12a in the center of the scanning mirror 12
as shown in FIG. 4. The second reflecting section 12a
is supported so as to freely swing around at least an
axis. In order to realize a compact device, a static driving
method which make use of a Gimbal structure is prefer-
able for a driving method for the scanning mirror 12.
Here, a method which is disclosed in a Japanese Unex-
amined Patent Application, First Publication No.
2000-310743 can be used for supporting a scanning
mirror 12 and driving a static driving mirror. The scan-
ning mirror supporting member 13 supports the scan-
ning mirror 12 under parallel condition with the parallel
flat board 10a. Also, the scanning mirror supporting
member 13 supports an end surface of an light emitting
section in the optical fiber 5 so as to be parallel with a
surface in which the scanning mirror 12 is supported.
An outer diameter of the scanning mirror supporting
member 13 is approximately the same as an inner di-
ameter of the endoscope tip section 9.
[0030] For an electric structure for driving the scan-
ning mirror 12, two driving signal wirings 26a, 26b for
transmitting signals which is supplied from a driving de-
vice thereoutside and drives the scanning mirror 12 in
the X direction and the Y direction and a reference po-
tential wiring 27 for supplying a reference potential are
connected to the scanning mirror 12 as shown in FIG.
21. Also, the scanning mirror 12 and the scanning mirror
supporting member 13 are connected by a conductive
bonding agent 28. Also, the scanning mirror supporting
member 13 and a cover member 29 are connected by
the conductive bonding agent 28. Therefore, the refer-
ence potential which is supplied to the scanning mirror
12 is applied to the cover member 29 via these conduc-
tive bonding agent 28, and the potential at the cover
member 29 is a reference potential.
[0031] Also, for a second electric structure, the refer-
ence potential wiring 27 is connected to the scanning
mirror 12 and the cover member 29 directly as shown in
FIG. 22. Furthermore, for a third electric structure, the
reference potential wiring 27 is connected to the scan-
ning mirror 12 and the connecting member directly.
Here, the scanning mirror supporting member 13 and
the connecting member are connected via the conduc-
tive bonding agent 28 such that the potential is common.

Here, two driving signals are sine wave signals in which
phases are different by 180°. The mirror is driven by
making use of the static electricity by supplying these
signals to the scanning mirror 12. Here, the potential in
the cover member 29 is the reference potential; thus, it
is possible to remove an electromagnetic wave noise
effectively so as to stabilize the function in the second
optical element.
[0032] More specifically, a structure of a circuit is
formed such that a resistance is inserted between two
driving signal wirings in the X direction and the Y direc-
tion for transmitting signals which is supplied from a driv-
ing device thereoutside and the reference potential wir-
ing as shown in FIG. 24. A resistance which is inserted
protects the second optical element electrically. Affec-
tion due to the static electricity can be prevented effec-
tively by inserting the resistance; thus, it is possible to
prevent the second optical element from being broken
by the static electricity or the like. Here, this circuit is
disposed in a probe grip cover as shown in FIG. 24.
Thus, there is a sufficient space thereinside and it is pos-
sible to prevent the affection caused by the static elec-
tricity while a probe is stored separately from the electric
circuit for the driving device.
[0033] The parallel spacer 14a disposes the scanning
mirror supporting member 13 and the parallel flat board
10a in a parallel manner. The parallel spacer 14a is
formed by a part of cylindrical member having U-shape
as shown in FIG. 5. Both end surfaces of the parallel
spacer 14a are parallel. A hollow part in the parallel
spacer 14a is formed so as to have an opening section
23 which dies not interfere the light bundle and a
notched section 24. Also, the cylindrical spacer 15a sup-
ports the parallel flat board 10a and the lens 21a in the
light condensing optical system 16a. The cylindrical
spacer 15a is formed in approximate cylinder. Further-
more, the cylindrical spacer 15a has an opening section
such that the opening section does not block a light bun-
dle between the second reflecting section 12a and the
light condensing optical system 16a. Also, the cylindrical
spacer 15a has an inclined surface according to an axial
direction on an end surface and a surface orthogonal to
the optical axis on another end surface. An outer diam-
eter of the cylindrical spacer 15a is approximately the
same as an inner diameter of the endoscope tip section
9. The light condensing optical system 16a condenses
a light bundle which transmits the parallel flat board 10a
on a surface 17 of a subject. The light condensing optical
system 16a is formed by the lens 21a and the lens 22.
Here, in the lens 21a according to the first embodiment,
a flat section which is orthogonal to an optical axis is
formed outside of a range in which the light bundle trans-
mits.
[0034] An optical unit according to the present em-
bodiment is a compact optical unit having 1 mm to 3 mm
diameter of outer probe diameter which is contained in
the endoscope tip section 9 as shown in FIG. 33. The
probe tip section can be inserted in a channel in the en-
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doscope and the probe tip section has a flexible struc-
ture in that the entire probe tip can be folded freely. In
the optical system in the optical unit, the optical fiber 5
which serves as a light source and the scanning mirror
12 are supported by the scanning mirror supporting
member 13. In addition, an end surface of the light emit-
ting sectioni in the optical fiber 5 is formed so as to be
parallel with the scanning mirror 12. That is, the end sur-
face in the light emitting section in the optical fiber 5 is
disposed so as to be diagonal according to a central axis
of the optical fiber 5. By doing this, it is possible to pre-
vent a light which is reflected on the end surface of the
light emitting section in a Fresnel manner from returning
to the light detecting section.
[0035] Furthermore, in the optical unit according to
the present invention, the optical fiber 5 is disposed so
as to be diagonal to the optical axis by an angle θ so as
to dispose an optical axis which is directed from the op-
tical fiber 5 to the fixed mirror section 11a and an optical
axis which is directed from the second reflecting section
12a to the parallel flat board 10a parallel with each other.
The angle θ satisfies a following formula.

[0036] Here, "n" indicates a refractive index in a core
of the optical fiber. "θ 0" indicates an angle made be-
tween a normal on the end surface of the optical fiber
and the optical axis. Thus, in the present embodiment,
a hole which has a predetermined angle θ to the optical
axis is formed on the scanning mirror supporting mem-
ber 13. The optical fiber 5 is inserted through this hole
so as to be bonded each other. After that, the bonded
optical fiber 5 and a surface of the scanning mirror sup-
porting member 13 are ground together. By doing this,
such a formula is satisfied. Here, in the present embod-
iment, the conditions such as θ 0 = 18°, n=1.458, θ =
5.76°. Also, as shown in FIG. 25, a surface of the scan-
ning mirror 12 and the end surface of the optical fiber
are disposed so as to be attached together, it is possible
to form such a structure and realize a improved surface
finish.
[0037] Also, the scanning mirror 12 is supported by
the scanning mirror supporting member 13 such that the
second reflecting section 12a and a surface of the scan-
ning mirror supporting member 13 are disposed in par-
allel in the scanning mirror 12. Also, the parallel spacer
14a is disposed between the scanning mirror supporting
member 13 and the parallel flat board 10a. On the other
hand, another surface of the parallel flat board 10a is
supported on an inclined surface on the cylindrical spac-
er 15a. In the present embodiment, the scanning mirror
12 is produced in a semiconductor manufacturing proc-
ess. The parallelism between a back surface of the mir-
ror 12 and a surface (second reflecting section 12a) of
the scanning mirror 12 is maintained highly precisely.
Thus, it is possible to dispose the end surface of the light

n·sin (θ 0 - θ)=sin θ 0 (formula F1)

emitting section of the optical fiber 5 and a surface (near
the subject to be observed) of the scanning mirror sup-
porting member 13 and a surface of the scanning mirror
12 in parallel relationship by disposing the scanning mir-
ror 12 so as to be attached to the scanning mirror sup-
porting member 13 closely.
[0038] Also, the scanning mirror supporting member
13 is relatively a large member having an outer diameter
which is approximately the same as an inner diameter
of the endoscope tip section 9; therefore, the scanning
mirror supporting member 13 has a sufficient size for
forming a parallel flat surface highly precisely. Further-
more, the parallel flat board 10a is larger than a total
area of an area for a light bundle and an effective area
in the reflecting section; thus, such a parallel flat board
10a is sufficiently large for maintaining a parallelism of
the surfaces highly precisely (See FIG. 6: In this draw-
ing, "T" indicates a length of the parallel flat board 10a
which corresponds to an area of the light bundle which
transmits through the parallel flat board. "R" indicates
an effective area in the first reflecting section the parallel
flat board 10a as a length).
[0039] In the optical unit according to the present em-
bodiment, these members are disposed via the parallel
spacer 14a having parallel surfaces each other; there-
fore, it is realized that the scanning mirror supporting
member 13 and the parallel flat board 10a are disposed
in parallel. Therefore, by doing this, the end surface for
emitting a light of the optical fiber 5 and the second re-
flecting section 12a in the scanning mirror 12 and a sur-
face of the scanning mirror supporting member 13 are
disposed in parallel; thus, the parallel flat board 10a hav-
ing the fixed mirror section 11a and the second reflecting
section 12a are disposed in parallel.
[0040] Furthermore, a lens 21a for forming a light con-
densing optical system 16a is fixed on another surface
of the cylindrical spacer 15a which is orthogonal to the
optical axis. The lens 21a is formed in a molding oper-
ation and has a surface which is precise flatness which
is orthogonal to the optical axis. The cylindrical spacer
15a which contacts the lens 21a closely has an outer
diameter which is approximately the same as an inner
diameter of the endoscope tip section 9; thus, the cylin-
drical spacer 15a has a sufficient size for an orthogonal
flat surface highly precisely. In the present embodiment,
an angle of the lens 21a is maintained highly precisely
to the optical axis of the light condensing optical system
by the above structure. Here, in the present embodi-
ment, an angle of a normal at the parallel flat board 10a
to the optical axis in the light condensing optical system
and an angle of a normal at a balancing position of the
scanning mirror 12 are 18° respectively.
[0041] By the above structures, in the optical system
in the optical unit according to the present embodiment,
it is possible to dispose an optical axis which is directed
from an end surface for emitting a light in the optical fiber
5 to the fixed mirror section 11 a in the parallel flat board
10a and an optical axis which is directed from the re-
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flecting section 12a to the light condensing optical sys-
tem 16a in parallel. That is, a light which is emitted from
a light source 4 such as a laser diode which is disposed
thereoutside shown in FIG. 1 is transmitted in the optical
fiber 5 and emitted from the end surface of the optical
fiber 5. After that, the light is reflected at the fixed mirror
section 11a in the parallel flat board 10a.
[0042] Here, the reflected light is reflected again at the
second reflecting section 12a in the scanning mirror 12.
After the light transmits through the light transmitting
section 18a in the parallel flat board 10a, the light is con-
densed on the subject 17 which is observed by the light
condensing optical system. The light which is con-
densed on the subject 17 is reflected and progresses in
the above path reversely; thus, the light is introduced to
the optical fiber 5. The light is processed in the light de-
tecting section 3 which is disposed thereoutside as
shown in FIG. 1 or a processor 2 so as to be an infor-
mation image. The obtained information image is dis-
played on a monitor 1 or the like.
[0043] In the optical system in the optical unit accord-
ing to the present embodiment, an end surface of the
optical fiber serves as a pin hole which forms a spotlight;
therefore, there is a returning light only from a focused
area. Therefore, similarly to a conventional case for a
confocal optical system, it is possible to observe a sub-
ject by sectioning a particular scope optically by making
use of a resolution capability in the optical axis direction
without slicing a living organisms as a subject. Also, the
parallel flat board 10a is formed by the light transmitting
section 18a and the first reflecting section which is coat-
ed for reflecting a light as explained above; therefore, a
conventional problem in that a notched section is formed
near the mirror when another fixed mirror is disposed
does not occur. Therefore, there is an advantage in that
it is possible to form each member in compact size.
[0044] Also, in the optical system in the optical unit
according to the present embodiment, the fixed mirror
section 11a and the scanning mirror 12 are disposed
such that a light is incident diagonally as explained
above. In addition, an optical axis which is directed from
the end surface of the optical fiber 5 for emitting a light
to the fixed mirror section 11a in the parallel flat board
10a and an optical axis which is directed from the sec-
ond reflecting section to the light condensing optical sys-
tem 16a are disposed in parallel. By doing this, there
are few returning lights from the fixed mirror section 11a
and the second reflecting section 12a in the scanning
mirror 12. Also, a coating for reflecting a light is formed
in an area in the parallel flat board 10a through which a
light transmits; therefore, there are few returning light
from this area. Therefore, it is possible to realize a di-
rect-view confocal optical system which has low noise
by the effects due to the above structure.
[0045] Furthermore, the scanning mirror supporting
member 13, the parallel spacer 14a, and the cylindrical
spacer 15a are formed so as to be the same as an inner
shape of the endoscope tip section 9. In addition, the

scanning mirror supporting member 13 is formed so as
to have sufficient large contacting surface with the opti-
cal elements such as the parallel flat board 10a, the light
condensing optical system 16a, and the likes; therefore,
it is possible to realize a direct-view confocal optical sys-
tem which can be assembled highly precisely.
[0046] Next, second embodiment of the present in-
vention is explained. FIG. 8 is a cross section of an op-
tical unit which is contained in the endoscope tip section
viewed in an optical axis direction according to the
present embodiment. According to FIG. 8, the optical
unit according to the present embodiment is different
from the first embodiment in that an opening section 18b
is formed on the parallel flat board 10b. Hereinafter, the
same reference numerals are applied to corresponding
members as shown in the first embodiment so as to omit
the repeated explanation thereof.
[0047] If an opening section 18b is formed on the par-
allel flat board 10a (see FIG. 9C) according to the first
embodiment, such a structure forms a parallel flat board
10b. By doing this, a light does not progress in the sub-
ject; thus, a light does not refract as a general principle.
Therefore, it is possible to prevent a comatic aberration.
Therefore, it is possible to realize an optical system
which has a high numerical aperture (hereinafter called
high NA) and a high resolution capability. Here, although
a structure of the parallel flat board 10b is different from
a structure of the parallel flat board 10a, a method for
supporting the parallel flat board and a relationship with
each optical element are the same as those explained
in the first embodiment.
[0048] Next, a third embodiment according to the
present invention is explained. FIG. 10 is a cross section
of an optical unit which is contained in the endoscope
tip section viewed in an optical axis direction according
to the present embodiment. According to FIG. 10, the
optical unit according to the present embodiment is
characterized in that the cylindrical spacer 15a is mod-
ified such that a first reflection section 11a is formed on
a surface which is inclined to an axial direction which in
a cylindrical structure of the optical unit. By doing this,
it is possible to omit the parallel flat board 10a which is
used in the first embodiment. Such a feature is ex-
plained in detail as follows with reference to FIGS. 10
and 11. Hereinafter, the same reference numerals are
applied to corresponding members as shown in the first
embodiment so as to omit the repeated explanation
thereof.
[0049] In the present embodiment, a coating for re-
flecting a light is formed on the first optical element 19a
except the opening section 23 on an inclined surface of
the first optical element 19a (see FIG. 11). The present
embodiment is different from the first embodiment in that
the parallel flat board 10a is omitted. Therefore, it is pos-
sible to reduce members for forming the optical unit and
improve the efficiency for assembling the optical unit
while restricting a non-uniformity in disposition angle for
each optical element. Here, as similar to a case of the
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second embodiment, the light transmitting section 18b
is an opening section; thus, it is possible to prevent a
comatic aberration on the subject 17.
[0050] Next, a fourth embodiment of the present in-
vention is explained. FIG. 12 is a cross section of an
optical unit which is contained in the endoscope tip sec-
tion viewed in an optical axis direction according to the
present embodiment. According to FIG. 12, the optical
unit according to the present embodiment is different
from the first embodiment in that the parallel flat board
10a and the cylindrical spacer 15a are formed unitarily
so as to form the first optical element, and furthermore,
a part of a lens which forms the light condensing optical
system 16b is contained in the first optical element 19b.
Such a structure is explained in detail with reference to
FIGS. 12 and 13 as follows. Hereinafter, the same ref-
erence numerals are applied to corresponding mem-
bers as shown in the first embodiment so as to omit the
repeated explanation thereof.
[0051] According to the present embodiment, the first
optical element 19b contains the lens 21b which forms
the light condensing optical system 16b in the first opti-
cal element 19b. Also, an outer periphery of the lens 21b
and a curved surface in the opening section 23 in the
first optical element 19b fit together. Furthermore, the
present embodiment is characterized in that a frame for
supporting the first optical element 19b and the lens sup-
porting member 25 for supporting the lenses 21b and
22 which form the light condensing optical system 16b
are formed in a unitary structure. Here, in the present
embodiment, an angle of a normal which is formed on
the first optical element 19b to the optical axis in the light
condensing optical system is 25°. Also an angle of a nor-
mal which is formed in a balancing position of the scan-
ning mirror 12 to the optical axis in the light condensing
optical system is also 25°.
[0052] The present embodiment is different from the
first embodiment in that the parallel flat board 10a is
omitted; therefore, it is possible to reduce members for
forming the optical unit and improve the efficiency for
assembling the optical unit while restricting non-uni-
formity in the disposition angles for the optical elements.
Also, the first optical element 19b contains the lens 21b
which forms the light condensing optical system 16b. Al-
so, an outer periphery of the lens 21b and a curved sur-
face in the opening section 23 in the first optical element
19b fit together; therefore, it is possible to position the
lens 21b and the opening section 23 highly precisely.
Furthermore, the frame for supporting the first optical
element 19b and the lens supporting member 25 for
supporting the lenses 21b and 22 which form the light
condensing optical system 16b are formed in a unitary
structure; therefore, it is possible to determine the rela-
tive position for these members highly precisely. Here,
similarly to a case of the second embodiment, the light
transmitting section 18b is an opening section; thus, it
is possible to prevent a comatic aberration on the sub-
ject 17.

[0053] For a modified example of the fourth embodi-
ment, it may be acceptable that the first optical element
19b and the second spacer 14a are formed unitarily so
as to form a spacer unit 32 as shown in FIG. 28. That
is, among the optical unit which is formed by the second
spacer 14a, the first optical element 19b, and the first
spacer 15a as shown in FIG. 30, the first optical element
19b serves as the first spacer 15a and the first optical
element 19b and the second spacer 14a are formed uni-
tarily as shown in FIG. 31. Here, it is preferable that the
surfaces at both ends of the spacer unit 32 are parallel
as shown in FIGS. 30 and 31. By doing this, it is possible
to form a cylindrical spacer by attaching two spacers as
shown in FIG. 32; thus, it is possible to reduce the mem-
bers for the optical unit and assemble the optical unit
highly precisely.
[0054] Also, similarly to the above modified example,
it may be acceptable that the first optical element 19b
and the second spacer 14a are formed unitarily so as to
form a spacer unit 32 in which both end surfaces are
parallel. Also, a gap is formed between the second spac-
er 14a and the scanning mirror supporting member 13,
and the gap is filled by an attaching agent. By doing this,
it is possible to realize an optical unit in which inaccuracy
in each members are absorbed; thus, highly precise ac-
curacy is realized and the optical unit can be assembled
easily. Furthermore, it is possible to form an optical sys-
tem having two stages in the second optical element 12
as shown in FIG. 27. According to the present embodi-
ment, the second optical element 12 is formed by a first
section which is formed by a silicon base board for
mounting a reflecting surface thereon and a silicon com-
pound and a second section made of a metal member,
a ceramic member, or a glass member which is dis-
posed beneath the first section closely such that the sec-
ond section is larger than the first section (see FIG. 26).
[0055] Next, a fifth embodiment of the present inven-
tion is explained. FIG. 14 is a cross section of an optical
unit which is contained in the endoscope tip section
viewed in an optical axis direction according to the
present embodiment. According to FIG. 12, the optical
unit according to the present embodiment is different
from the first embodiment as follows. First, a parallel
spacer 14a which is disposed between the scanning
mirror supporting member 13 and the parallel flat board
10a according to the first embodiment is modified to a
cylindrical spacer 15b which has an inclined surface to
the axial direction. Second, the first optical element 19c
is disposed so as to be orthogonal to the optical axis in
the light condensing optical system 16c, and a fixed mir-
ror section 11x is formed on the inclined surface. Lastly,
the cylindrical spacer 15a which supports the parallel
flat board 10a and the lens 21a in the light condensing
optical system 16a is modified to the parallel spacer 14b.
Hereinafter, the same reference numerals are applied
to corresponding members as shown in the first embod-
iment so as to omit the repeated explanation thereof.
[0056] In the present embodiment, as shown in FIGS.
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15A and 15B, the first optical element 19c has a light
transmitting section 18a having a coating for preventing
a reflection of light and an inclined surface beneath the
light transmitting section 18a having a fixed mirror sec-
tion having a coating for reflecting a light on a surface
of the first optical element 19c and a flat surface on an-
other surface of the first optical element 19c. Here, in
the present embodiment, an angle of a normal at the
fixed mirror section 11c to the optical axis in the light
condensing optical system 16c and an angle of a normal
at a balancing position of the scanning mirror 12 are 18°
respectively.
[0057] Also, in the present embodiment, a cylindrical
spacer 15b is disposed between the first optical element
19c and the scanning mirror supporting member 13 as
shown in FIG. 17. Also, the spacer 15b supports the first
optical element 19c orthogonally to the optical axis. In
the cylindrical spacer 15b, as shown in FIG. 17, an in-
clined surface is formed on an end so as to be diagonal
to the axial direction, and an orthogonal surface is
formed on another end to the axial direction. In addition,
in the cylindrical spacer 15b is provided with a notched
section 24 and an opening section 23 such that a light
bundle is not blocked between the fixed mirror section
11c and the scanning mirror 12, and between the scan-
ning mirror and the light condensing optical system 16c.
[0058] According to the present embodiment, the cy-
lindrical spacer 15b has relatively a sufficient size; thus,
it is possible to realize a highly precise surface finish.
Also, the parallel spacer 14b is disposed between the
first optical element 19c and the lens which forms the
light condensing optical system 16c as shown in FIG.
16. Therefore, it is possible to support the first optical
element 19c orthogonally to the optical axis highly pre-
cisely. Also, the first optical element 19c is disposed to
be orthogonal to the optical axis of the light bundle which
is directed to the light condensing optical system 16c;
thus, an incident angle of a beam which is incident to
the light transmitting section 18a in the first optical ele-
ment 19c becomes acuter than in the case in which the
first optical element 19c is disposed diagonally. There-
fore, it is possible to prevent the comatic aberration
more effectively.
[0059] Next, a sixth embodiment of the present inven-
tion is explained. FIG. 19 is a cross section of an optical
unit which is contained in the endoscope tip section
viewed in an optical axis direction according to the
present embodiment. According to FIG. 19, the optical
unit according to the present embodiment is different
from the fifth embodiment as follows. First, the first op-
tical element 19c is omitted and the fixed mirror section
11d is formed in the lens 21c which forms the light con-
densing optical system 16d. Second, the lens 21c is
supported by the cylindrical spacer 15b and a support-
ing member for supporting a lens 22. Hereinafter, the
same reference numerals are applied to corresponding
members as shown in the first embodiment so as to omit
the repeated explanation thereof.

[0060] According to the present embodiment, a fixed
mirror section 11d is formed beneath a light-refracting
section in the lens 21c. The fixed mirror section 11d is
disposed to be diagonal to an optical axis of the light
bundle which is emitted from the optical fiber 5. A light-
reflecting coating is formed on a surface of the fixed mir-
ror section 11d as shown in FIGS. 20A and 20B. Accord-
ing to the present embodiment, an angle of a normal at
the fixed mirror section 11d to the optical axis in the light
condensing optical system and an angle of a normal at
a balancing position of the scanning mirror 12 are 17°
respectively. A cylindrical spacer 15b is disposed be-
tween the lens 21c and the scanning mirror supporting
member 13. Also, the lens supporting member 25 is dis-
posed between the lens 21c and the lens 22. The lens
21c is supported orthogonally to the optical axis of the
light bundle which is directed to the light condensing op-
tical system 16d. Here, the lens 21c is produced by a
molding operation; thus, it is possible to realize a highly
precise flatness in the first reflecting section 11d.
[0061] The first optical element 19b and the parallel
spacer 14b which supports the light condensing optical
system 16c which are contained in the fifth embodiment
are not contained in the present embodiment; therefore,
it is possible to reduce the members for forming the op-
tical unit and improve the efficiency in assembling the
optical unit. Also, the fixed mirror section 11d and the
lens 21c which forms the light condensing optical sys-
tem 13 are formed unitarily; therefore, it is possible to
improve a positioning accuracy of the optical axis and
angle. Furthermore, it is not necessary to dispose the
parallel spacer 14b between the first optical element 19b
and the light condensing optical system 16c which are
contained in the fifth embodiment; therefore, it is possi-
ble to dispose the scanning mirror 12 and the fixed mir-
ror section 11d closer each other.
[0062] Also, it is possible to dispose the scanning mir-
ror 12 and the light condensing optical system 16d clos-
er each other; therefore, it is possible to maintain a
height of the beam in the light condensing optical system
16c lower when the scanning mirror 12 swings. There-
fore, it is possible to restrict the aberration in the beam
which enters from thereoutside effectively. Furthermore,
it is possible to make the effective diameter of the light
condensing optical system 16c smaller; therefore, it is
possible to make the outer diameter of the entire optical
unit smaller and the length of the light condensing opti-
cal system 16c in a parallel direction (longitudinal direc-
tion) to the optical axis direction shorter.
[0063] The present invention contains following fea-
tures described as supplemental features in the present
invention.

Supplemental Feature 1. A compact optical unit
comprising:

a light emitting section for emitting a light;
a first optical element having a first reflecting
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section for reflecting a light which is emitted
from the light emitting section;
a second optical element having a second re-
flecting section which is disposed to face the
first optical element; and
a light condensing optical system for condens-
ing a light, wherein
the first reflecting section and the second re-
flecting section are disposed so as to be diag-
onal to an optical axis of a light which is incident
to the first reflecting section and the second re-
flecting section; and
a light transmitting section is disposed in the
first optical element for transmitting a light
which is reflected by the second reflecting sec-
tion so as to be incident to the light condensing
optical system.

Supplemental Feature 2. A compact optical unit ac-
cording to the supplemental feature 1 further com-
prising:

a second optical element supporting member
for supporting the second optical element;
a first spacer for supporting the light condens-
ing optical system and the first optical element;
a second spacer for supporting the first spacer
and the second optical element supporting
member; and
a cover member for covering the outside of the
first spacer and the outside of the second spac-
er.

Supplemental Feature 3. A compact optical unit ac-
cording to the supplemental feature 2 wherein:

the light emitting section is a tip of the optical
fiber;
the second optical element supporting member
supports the optical fiber in a direction diagonal
to an axial direction of an outer shape of the
second optical element supporting member.

Supplemental Feature 4. A compact optical unit ac-
cording to the supplemental feature 2 or 3 wherein
the first optical element and the first spacer are
formed as a unit.

Supplemental Feature 5. A compact optical unit ac-
cording to the supplemental feature 2 or 3 wherein:

a spacer unit is formed by attaching the first op-
tical element and the second spacer; and
surfaces on both ends of the spacer unit are
parallel each other.

Supplemental Feature 6. A compact optical unit ac-
cording to the supplemental feature 5, wherein

a gap is formed between the second spacer
and the second optical element supporting
member; and
an attaching agent is filled in the gap.

In the present invention having the above sup-
plemental features, the optical unit is assembled
such that the attaching agent is filled in the gap;
therefore, it is possible to assemble the entire opti-
cal unit precisely by compensating the inaccuracy
of the dimension in each member for forming the
optical unit.

Supplemental Feature 7. A compact optical unit ac-
cording to any one of the supplemental features 1
to 6 wherein the second reflecting section swings
by a driving section which is disposed thereoutside.

Supplemental Feature 8. A compact optical unit ac-
cording to the supplemental feature 8 wherein:

the second optical element is connected to a
reference potential wiring which supplies a ref-
erence potential for the driving section which
drives the second reflecting section and an X-
axis driving signal wiring and a Y-axis driving
signal wiring which supply the driving voltage
to each axes; and
the cover member is connected to the refer-
ence potential wiring.

Supplemental Feature 9. An optical scanning probe
which is provided with the compact optical unit ac-
cording to the supplemental feature 8 on a tip of the
optical scanning probe, wherein the X-axis driving
signal wiring and the Y-axis driving signal wiring are
connected each other via the reference potential
wiring and a resistance.

Supplemental Feature 10. An optical scanning unit
which is provided with the optical scanning probe
described in the supplemental feature 9 on a tip of
the optical scanning unit wherein an electronic cir-
cuit for supplying the driving signal and the refer-
ence potential is disposed in a probe grip.

In the present invention having the above sup-
plemental features, the electronic circuit for supply-
ing the driving signal and the reference potential is
disposed in a probe grip; therefore, it is possible to
form the entire optical unit without inconvenience
from a spatial point of view. Although there is a con-
cern in that the electronic circuit is broken due to
the static electricity while the device is stored under
condition that the electronic circuit is disposed in the
device it self, such a concern can be solved by dis-
posing the electronic circuit in a probe grip in the
optical scanning probe.
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Supplemental Feature 11. A compact optical unit
described in any one of the supplemental features
1 to 10 wherein the first optical element is larger
than a total area containing an area of a bundle of
light which transmits the first optical element and an
area for reflecting a light in the first reflecting sec-
tion.

Supplemental Feature 12. A compact optical unit
described in any of the supplemental features 1 to
11 wherein the light transmitting section in the first
optical element is an opening section.

Supplemental Feature 13. A compact optical unit
described in the supplemental feature 12 wherein;

the first optical element is formed in cylindrical
shape;
an inclinined surface which is diagonal to the
axial direction is provided on an end surface of
the first optical element; and
the first optical element has the first reflecting
section on the inclined surface which contains
a range in which a light which comes from ther-
eoutside is incident.

According to the present invention, the first op-
tical element has an inclined surface which is diag-
onal to an axial direction in the cylindrical structure
on an end surface of the first optical element, and
the first reflecting section is formed on the inclined
surface; it is possible to reduce members for form-
ing the optical system and maintain the positioning
relationship in the optical system highly precisely.

Supplemental Feature 14. A compact optical unit
described in the supplemental feature 13 wherein
the first optical element is disposed so as to fit an
outer periphery of the lens which forms a part of the
light condensing optical system in the first optical
element.

According to the present invention, the first op-
tical element is disposed so as to fit an outer periph-
ery of the lens which forms a part of the light con-
densing optical system in the first optical element;
therefore, it is possible to maintain the positioning
relationship of the first optical element and the light
condensing lens highly precisely.

Supplemental Feature 15. A compact optical unit
described in any one of the supplemental features
2 to 12 wherein:

the first optical element is a parallel flat board;
the first spacer having a cylindrical shape is
sandwiched between the first optical element
and the light condensing optical system;
an inclined surface which is diagonal to the ax-

ial direction is disposed on an end surface of
the spacer;
the first optical element is fixed on the inclined
surface.

In the present invention, the first optical ele-
ment is a parallel flat board which has the first re-
flecting section and the opening section. The spac-
er having a cylindrical shape is provided with an in-
clined surface on an end surface of the spacer
which is disposed diagonally to the axial direction.
The spacer is sandwiched by the first optical ele-
ment and the light condensing optical system. The
first optical element is supported by the spacer hav-
ing a cylindrical shape. Therefore, it is possible to
support the first optical element and the light con-
densing optical system stably.

Supplemental Feature 16. A compact optical unit
described in the supplemental feature 15 wherein
the parallel flat board is formed by a light -transmit-
ting member on which a coating for reflecting a light
is formed in an area including a range in which a
beam from the light emitting section is incident.

In the present invention, a reflecting section is
formed by a coating for reflecting a light on the par-
allel flat board, there are fewer cases in which a
problem in that a notched section is formed than in
a case in which a light-reflecting section is disposed
separately.

Supplemental Feature 17. A compact optical unit
described in the supplemental features 15 or 16
wherein:

an end surface of the first spacer is orthogonal
to the axial direction;
a part of lenses which form the light condensing
optical system have an a flat surface section
which is orthogonal to the optical axis in the out-
side of an effective range of the lenses; and
the flat surface section is fixed on an orthogonal
surface of the spacer.

In the present invention, the flat surface section
which is orthogonal to the optical axis in the lenses
which form the light condensing optical system is
fixed on an end surface of the spacer having a cy-
lindrical shape; therefore, it is possible to position
the lenses in the light condensing optical system
highly precisely such that the lenses in the light con-
densing optical system are disposed orthogonal to
the optical axis of a light which is reflected from the
second reflecting section.

Supplemental Feature 18. A compact optical unit
described in any one of the supplemental features
2 to 15 having a second optical element supporting
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member for supporting the second optical element
wherein an inclined surface which is disposed diag-
onal to the axial direction on an end surface of the
second optical element supporting member.

Supplemental Feature 19. A compact optical unit
described in the supplemental feature 18 wherein
the second optical element supporting member and
the first optical element having the first reflecting
section are supported by the spacer having surfac-
es which are parallel each other.

Supplemental Feature 20. A compact optical unit
described in any one of the supplemental features
1 to 12 and 15 wherein an inclined surface of the
second optical element supporting member for sup-
porting the second optical element is parallel with
an end surface of the light emitting section.

In the present invention, the second optical el-
ement is supported by the second spacer. A surface
of the second spacer and an end surface of the light
emitting section are parallel. In addition, the first op-
tical element and the second optical element are
supported in parallel. Therefore, it is possible to dis-
pose an optical axis which is directed from the light
emitting section to the first reflecting section and an
optical axis which is directed from the second re-
flecting section to the light condensing optical sys-
tem in parallel. Thus, it is possible to form a highly
precise optical system.

Supplemental Feature 21. A compact optical unit
described in any one of the supplemental features
1 to 11 wherein the first reflecting section is formed
in a part of the lenses which form the light condens-
ing optical system.

Supplemental Feature 22. A compact optical unit
described in the supplemental feature 21 wherein
the first reflecting section is formed in an outside of
a refracting section in the lens.

Supplemental Feature 23. A compact optical unit
described in any one of the supplemental features
1 to 12, 15, and 22 wherein a member for supporting
the light emitting section and a member for support-
ing the second optical element are formed unitarily.

In the present invention, a member for support-
ing the light emitting section and a member for sup-
porting the second optical element are formed uni-
tarily; thus, it is possible to maintain a parallelism
between an end surface of the light emitting section
and a surface of the second supporting member
precisely.

Supplemental Feature 24. A compact optical unit
described in any one of the supplemental features
1 to 11 wherein the light emitting section in the first

optical element is approximately orthogonal to the
optical axis in the light condensing optical system.

In the present invention, the light emitting sec-
tion in the first optical element is approximately or-
thogonal to the optical axis in the light condensing
optical system; therefore, it is possible to restrict a
comatic aberration on the subject.

Supplemental Feature 25. A compact optical unit
described in any one of the supplemental features
I to 24 wherein the light emitting section is a pinhole.

In the present invention, the light emitting sec-
tion is a pinhole; thus, it is possible to form a con-
focal optical system by such a structure.

Supplemental Feature 26. A compact optical unit
described in any one of the supplemental features
1 to 25 wherein the light emitting section is an end
surface of the optical fiber.

In the present invention, the light emitting sec-
tion is an end surface of the optical fiber; thus, it is
possible to form a spotlight source by such a struc-
ture.

Supplemental Feature 27. A compact optical unit
described in any one of the supplemental features
1 to 26 wherein the light emitting section serves as
a light-introducing section.

Supplemental Feature 28. A compact optical unit
described in any one of the supplemental features
25 to 27 wherein the optical system in the optical
unit is a confocal optical system.

Supplemental Feature 29. A compact optical unit
described in any one of the supplemental features
1 to 28 wherein a surface which forms the second
reflecting surface and an end surface of the light
emitting section are in parallel.

Supplemental Feature 30. A compact optical unit
described in any one of the supplemental features
1 to 29 wherein a surface of the second optical el-
ement supporting member on which the second op-
tical element is disposed and an end surface of the
light emitting section are aligned.

In the present invention, a surface on which the
second optical element is disposed and an end sur-
face of the light emitting section is aligned; there-
fore, it is possible to improve a surface finish be-
cause surface finish operation becomes easier.

Supplemental Feature 31. A compact optical unit
described in any one of the supplemental features
1 to 30 wherein the optical unit is disposed in a tip
of the endoscope.

Supplemental Feature 32. An optical scanning
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probe which is provided with the compact optical
unit on a tip of the optical scanning probe described
in any one of the supplemental features 1 to 8, or
11 to 31 wherein the optical scanning probe can be
flexibly inserted in a channel of the endoscope.

[0064] The embodiments of the present invention are
explained above with reference to the drawings. It
should be understood that the drawings and detailed de-
scription thereto are not intended to limit the invention
to the particular form disclosed. It should also be under-
stood that the invention is to cover all modifications,
equivalents and alternatives falling within the scope of
the present invention as defined by the claims. For ex-
ample, in the above explanation, although it is explained
that the parallel spacer according to the first to fourth
embodiments and a cylindrical spacer according to the
sixth embodiment have an opening section and a
notched section, it is acceptable that the spacer does
not have the notched section unless the spacer blocks
a light bundle which transmits therethrough.
[0065] Also, in the embodiments of the present inven-
tion, a position of the optical axis of the light bundle
which is directed from the second reflecting section to
the light condensing optical system is not specifically de-
fined. However, it is described that a member which is
called as the first optical element is supported such that
two members sandwiches the upper section of the first
optical element in any embodiments of the present in-
vention. Such a part does not have an optical function;
thus, it may be acceptable that a different optical ele-
ment is disposed in a position which is eccentric to a
center of the first optical element so as to make an entire
diameter of the optical unit smaller (see FIG. 13B).
[0066] Also, a member for forming the optical fiber 5
is not specifically defined in the first embodiment. Here,
it is possible to use a single mode fiber or a multi-mode
fiber as long as the fiber has a characteristics for a con-
focal optical system. Also, for an area on the parallel flat
board 10a on which a reflecting coating is formed, it is
sufficient if such an area does not interfere with an area
of the above light transmitting section 18a on a flat sur-
face of the parallel flat board 10a and a predetermined
light-reflecting section is included. Therefore, various
modifications shown in FIGS. 3A to 3C can be proposed.
Also, it is acceptable if a shape of the light-reflecting sec-
tion is polygonal. Here, in the first embodiment, it is de-
scribed that a driving method for a scanning mirror is a
static electric driving method by making use of a Gimbal
structure. However, the embodiments in the present in-
vention is not limited to such methods; thus, it is possible
to use a method in which a galvano-mirror is used or a
mirror of which angle is controlled by an magnetic force.
[0067] Also, the parallel flat board according to the
second embodiment and the flat section on the first op-
tical element having an opening section according to the
third embodiment may formed such that a reflecting-
coating is formed on an entire surface of the flat board

except the opening section. Also, the reflecting coating
may be formed partly on a reflecting area. Also, for a
member for the parallel flat board according to the sec-
ond embodiment, any members can be used as long as
a fixed mirror section has a mirror-surface.
[0068] Furthermore, in the fifth embodiment, the ex-
planation is made for a case in which a light transmitting
section is disposed which is made such that a reflection
preventing coating is formed on the first optical element.
The present invention is not limited to such a structure
and it is acceptable that the light transmitting section is
an opening section similarly to the second embodiment.
Also, in the embodiments of the present invention, an
explanation is made that outer diameter of the scanning
mirror supporting member and the cylindrical spacer is
approximately the same as an inner diameter of the en-
doscope tip section. However, it may be acceptable that
stages are formed in the endoscope tip section and a
notched section is disposed in the scanning mirror sup-
porting member and the cylindrical spacer so as to im-
prove the efficiency in the assembly of the optical unit.
[0069] In the present invention, the light transmitting
section and the first reflecting section are formed unitar-
ily in the first optical element; therefore, it is possible to
dispose a larger element than in a case in which only a
light reflecting section is disposed. Also, the first optical
element and the second optical element are disposed
so as to be diagonal to an incident light; therefore, it is
possible to reduce a noise light composition which is
caused because a light is reflected at the lens surface
and a reflecting surface and returns to the optical fiber
in the optical system.
[0070] Also, in the present invention, the first spacer,
the second spacer, and the cover for covering these
spacer are disposed; thus, it is possible to assemble the
optical system highly precisely.
[0071] In the present invention, a member for support-
ing the second optical element serves as a member for
supporting an optical fiber; therefore, it is possible to re-
duce the members for forming the optical unit so as to
make the optical unit smaller. Also, an end surface of
the optical fiber is ground diagonally; therefore, a Fres-
nel-reflection does not return to the optical fiber; thus, it
is possible to reduce noise caused by the reflected light.
Furthermore, a direction of the light which is emitted
from the end surface of the optical fiber is parallel to the
optical axis direction; therefore, it is possible to use a
space therein efficiently.
[0072] In the present invention, the first optical ele-
ment and the first spacer are formed unitarily; therefore,
it is possible to reduce the members for forming the op-
tical unit and improve the accuracy in the assembly.
[0073] In the present invention, a spacer unit is
formed by attaching the first optical element, the first
spacer, and the second spacer; thus, it is possible to
reduce the members for forming the optical unit. Fur-
thermore, end surfaces on both ends of the spacer are
parallel; thus, it is possible to improve the accuracy in
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the assembly.
[0074] In the present invention, the first optical ele-
ment is larger than a total area containing an area of a
bundle of light which transmits the first optical element
and an area for reflecting a light in the first reflecting
section; therefore, it is possible to realize a surface finish
in the first optical element which is necessary for an op-
tical system according to the present invention.
[0075] In the present invention, the light transmitting
section in the first optical element is an opening section;
therefore, a light is not reflected in the opening section;
thus, it is possible to realize an optical system in which
a comatic aberration is restricted on the subject.
[0076] In the present invention, the first optical ele-
ment is a parallel flat board which has the first reflecting
section and the opening section. The spacer having a
cylindrical shape is provided with an inclined surface on
an end surface of the spacer which is disposed diago-
nally to the axial direction. The spacer is sandwiched by
the first optical element and the light condensing optical
system. The first optical element is supported by the
spacer having a cylindrical shape. Therefore, it is pos-
sible to support the first optical element and the light
condensing optical system stably.
[0077] In the present invention, the light condensing
lens is provided with the first reflecting section; thus, it
is possible to improve a positioning accuracy for the first
reflecting section and the light condensing optical sys-
tem.
[0078] In the present invention, the second reflecting
section swings according to a driving force which is ap-
plied by a driving section which is disposed thereout-
side; therefore, a scanning position for condensing a
light on the subject can be moved horizontally (XY di-
rection) when the second light reflecting section swung
horizontally.
[0079] In the present invention, a potential at the cov-
er member is set to be a reference potential; therefore,
it is possible to remove a magnetic wave noise; thus, it
is possible to use the second optical element stably.
[0080] In the present invention, the driving signal wir-
ings are connected to the reference potential wirings via
the resistances; therefore, an electric charge is dis-
charged via the resistances even if a potential difference
occurs by the static electricity. Therefore, there is not a
case in which the second optical element wiring is de-
teriorated.
[0081] In the present invention, it is possible to as-
semble a compact optical system highly precisely; thus,
it is possible to insert the optical system in a channel
having a small diameter in the endoscope. Also, it is pos-
sible to observe an internal organization of a patient at
a large magnification. Also, there is an advantage in that
it is possible to alleviate a pain which the patient feels
when the endoscope enters inside the patient.
[0082] As explained above, in the present invention,
the optical element is disposed diagonal to the light
which is incident; it is possible to prevent the conven-

tional disadvantage in that a light which is reflected at
the reflecting surface which is disposed on a surface of
the lens or a glass board in the optical system from being
returned to the optical fiber as a noise. Thus, there is an
advantage in that it is possible to form the optical system
which can supply an information with high SN ratio. Also,
a part of the optical element has a plurality of functions;
therefore, it is possible to make a compact optical unit
and improve the efficiency in the assembly and form the
optical system highly precisely.

Claims

1. A compact optical unit comprising:

a light emitting section for emitting a light;
a first optical element having a first reflecting
section for reflecting a light which is emitted
from the light emitting section;
a second optical element having a second re-
flecting section which is disposed to face the
first optical element; and
a light condensing optical system for condens-
ing a light, wherein
the first reflecting section and the second re-
flecting section are disposed so as to be diag-
onal to an optical axis of a light which is incident
to the first reflecting section and the second re-
flecting section; and
a light transmitting section is disposed in the
first optical element for transmitting a light
which is reflected by the second reflecting sec-
tion so as to be incident to the light condensing
optical system.

2. A compact optical unit according to Claim 1 further
comprising:

a second optical element supporting member
for supporting the second optical element;
a first spacer for supporting the light condens-
ing optical system and the first optical element;
a second spacer for supporting the first spacer
and the second optical element supporting
member; and
a cover member for covering the outside of the
first spacer and the outside of the second spac-
er.

3. A compact optical unit according to Claim 2 where-
in:

the light emitting section is a tip of the optical
fiber;
the second optical element supporting member
supports the optical fiber in a direction diagonal
to an axial direction of an outer shape of the
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second optical element supporting member.

4. A compact optical unit according to Claims 2 or 3
wherein the first optical element and the first spacer
are formed as a unit.

5. A compact optical unit according to Claims 2 or 3
wherein:

a spacer unit is formed by attaching the first op-
tical element, the first spacer, and the second
spacer; and
surfaces on both ends of the spacer unit are
parallel each other.

6. A compact optical unit according to Claim 1 wherein
the first optical element is larger than a total area
containing an area of a bundle of light which trans-
mits the first optical element and an area for reflect-
ing a light in the first reflecting section.

7. A compact optical unit according to Claim 1 wherein
the light transmitting section in the first optical ele-
ment is an opening section.

8. A compact optical unit according to Claim 1 where-
in:

the first optical element is formed by parallel flat
boards;
the first optical element is provided with a cy-
lindrical spacer which is sandwiched between
the first optical element and the light condens-
ing optical system;
a surface diagonal to the axial line is provided
on an end surface of the cylindrical spacer; and
the first optical element is fixed on the surface
diagonal to the axial line.

9. A compact optical unit according to Claim 1 wherein
the first reflecting section is disposed in a part of
lenses which form the light condensing optical sys-
tem.

10. A compact optical unit according to Claim 1 wherein
the second reflecting section swings by a driving
section which is disposed thereoutside.

11. A compact optical unit according to Claim 2 where-
in:

the second optical element is connected to a
reference potential wiring which supplies a ref-
erence potential for the driving section which
drives the second reflecting section and an X-
axis driving signal wiring and a Y-axis driving
signal wiring which supply the driving voltage
to each axes; and

the cover member is connected to the refer-
ence potential wiring.

12. An optical scanning probe which is provided with
the compact optical unit according to Claim 11 on a
tip of the optical scanning probe, wherein the X-axis
driving signal wiring and the Y-axis driving signal
wiring are connected each other via the reference
potential wiring and a resistance.

13. An optical scanning probe which is provided with
the compact optical unit according to Claim 11 on a
tip of the optical scanning probe wherein the optical
scanning probe can be inserted in a channel in an
endoscope flexibly.
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