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DESCRIPTION
TITLE OF THE INVENTION
IMAGE OBSERVATION APPARATUS AND LIGHTING OPTICAL SYSTEM

THEREOF

Technical Field
[0001]

The present invention relates to an image observation
apparatus and a lighting optical system thereof. In
particular, the present invention relates to an image
observation apparatus and a lighting optical system
thereof, by which it is possible to observe an object to
be observed with high resolution and to recognize an
inclination angle of a surface of the object to be observed

over a wide range.

Background Art
[0002]

Conventionally, there has been known an image
observation apparatus provided with a lighting optical
system for irradiating an object to be observed with an
illumination light and an observation optical system for
collecting an object light from the object to be observed
and guiding it to a detector, as shown by Patent Documents
1 to 3. According to the Patent Documents 1 to 3, a 1lighting
optical system equipped with one side telecentric optical

system is used so that it is possible to obtain information
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on inclination angles of respective points on the object
to be observed, based on one captured (picked up) image.
In other words, according to this invention, it is

possible to observe a minute uneven state of the object

to be observed easily and speedily.

PRIOR ART REFERENCE

Patent Document

[0003]
Patent Document 1: Japan Patent No. 5866573
Patent Document 2: Japan Patent No. 5866586
Patent Document 3: Japan Patent No. 6451821
SUMMARY OF THE INVENTION
Problem to be solved by the Invention

[0004]

The image observation apparatus according to the
Patent Documents. 1 to 3, makes it possible to obtain with
high accuracy information on inclination angles of
respective points on the object to be observed on the basis
of one captured image, but has taken a constitution that
the optical path of the lighting optical system is
interposed between an objective lens used in the
observation optical system and the object to be observed.
In other words, according to the constitution of the

Patent Document. 1, it is necessary to make a working
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distance between the objective lens and the object to be
observed larger accordingly. For this reason, it is

difficult tomake numerical aperture of the objective lens
larger, and as a result a range of detection of inclination
angles at respective points of the object to be observed
is small, so there is an undesirable possibility that it
is difficult to observe the object to be observed with

high resolution.

[0005]

The present invention was made in order to solve the
above described conventional problems, and has for its
object to provide an image observation apparatus which
makes an object to be observed observable with high
resolution and makes an inclination angle of a surface
of the object be observed to be recognizable over a wide
range, and a lighting optical system of the image

observation apparatus.

Means to Solve the Problems
[0006]

The invention of claim 1 of the present application
provides an image observation apparatus provided with a
lighting optical system for irradiating an object to be
observed with an illumination light and an image
observation optical system collecting an object light

from the object to be observed and guiding it to a detector,
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the image observation apparatus being further provided
with an objective lens disposed opposed to said object
to be observed and a beam splitter so disposed, on a side
opposite to the object to be observed with respect to the
objective lens, that the illumination optical axis of said
lighting optical system and the observation optical axis
of said observation optical system are in agreement with
each other, wherein a filter member that divides optical
attributes of said illumination light into one or more
solid angle regions or a relayed image of the filter member
is disposed before said objective lens, thereby said

problems being solved.

[0007]

The invention of claim 2 or 8 of the present
application provides the image observation apparatus in
which said filter member or the relayed image of the filter
member is disposed at a position of an aperture stop that

determines numerical aperture of said objective lens.

[0008]

The invention of claim 3 or 9 of the present
application provides the image observation apparatus in
which said optical attributes of said filter member

include wavelength regions of light.

[0009]
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The invention of claim 4 or 10 of the present
application provides the image observation apparatus in
which either of said lighting optical system and said
observation optical system is a telecentric optical

system on a side of the object to be observed.

[0010]

The invention of claim 5 or 11 of the present
application provides the image observation apparatus in
which said relayed image is a reduced image of said filter

member.

[0011]

The invention of claim 6 of the present application
provides the image observation apparatus in which said

objective lens is configured to be interchangeable.

[0012]

Meanwhile, the invention of claim 7 of the present
application provides a lighting optical system to be used
in an image observation apparatus which collects an object
light from an object to be observed and makes the image
of the object to be observed observable, the lighting
optical system being provided with an objective lens
opposed to said object to be observed, a beam splitter
disposed, on an opposite side of the object to be observed

with respect to the objective lens, so that the optical
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axis of an illumination light of said lighting optical
system and the optical axis of an observation light of
said observation optical system may be an agreement with
each other, wherein a filter member that divides optical
attributes of said illumination light into more than one
solid angle regions or a relayed image of the filter member
is disposed before said objective lens, thereby the

problems being solved.

Advantageous Effects of the Invention
[0013]

According to the present invention, it is possible
to observe an object to be observed with high resolution
and it is possible to recognize an inclination angle of

a surface of the object to be observed in a wide range.

Brief Description of the Drawings

[0014]

[Fig.1l] Fig. 1 is a schematic view showing an image
observation apparatus according to a first embodiment of

the present invention.

[Fig.2] Fig. 2 is views each showing an illumination
light splitting member used in a lighting optical system
of Fig.l. ((A) is a view of the illumination light
splitting member provided with three filter regions about

the center, and (B) is a view of the illumination light
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splitting member provided with three concentric circular

filter regions).

[Fig.3] Fig.3 is comparative schematic views of
irradiation solid angles of the illumination light ((A)
is a schematic view of a case where irradiation solid
angles of the illumination light are similar to each other,
and (B) is a schematic view of irradiation solid angles
of the illumination light when a telecentric optical
system is provided on a side of the object to be observed,

of the objective lens).

[Fig.4] Fig. 4 is schematic views showing
relationship among irradiation solid angles, reflection
solid angles and observation solid angles in the image
observation apparatus of Fig.l ((A) is a view of a case
where normal vector of the surface of the object to be
observed coincides with the observation optical axis, and
(B) is a view of a case where the surface of the object
to be observed has an inclination angle ¢, and the normal

vector is displaced from the observation optical axis).
[Fig.5] Fig.5 is a flow chart of a procedure for
making the shape of the object to be observed observable

through the image observation apparatus shown in Fig. 1.

[Fig.6] Fig. 6 is a schematic view of an image
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observation apparatus according to a second embodiment

of the present invention.

[Fig.7] Fig. 7 is a schematic view of an image

observation apparatus according to a third embodiment of

the present invention.

Embodiments for Carrying out the Invention

[0015]

Hereinafter, the first embodiment of the present
invention will be explained with reference to Fig. 1 to
Fig.5.

Meanwhile, the present invention is not limited to
the contents described with respect to the embodiments
described below. Further, the constitutional elements in
the below described embodiments contain ones easily
conceivable by those skillful among the art, ones which
are substantially same, that is, ones which are equivalent.
Furthermore, the constitutional elements disclosed in the
embodiments described below may be combined properly or

selected properly.

[0016]

The image observation apparatus 100 comprises, as
shown in Fig.l, a light source portion 112, an
illumination light splitting member (filter member) 114,

a lighting optical system 116, an observation optical
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system 122, a detector 126, a processing device 130 and
a display device DD. Meanwhile, in the present embodiment,
it is preferable that the object to be observed W has a
near glossy surface even if the surface shape is

complicated, though not limited thereto.

[0017]
Herein below, respective elements will be described

in detail.

[0018]

The light source portion 112 may be one composed of
an arrangement of one or more chip-type LEDs, organic ELs,
or light guiding plate from a sidelight. Position of the
light source portion 112 may be changeable along the

illumination optical axis L1.

[0019]

The illumination light splitting member 114, as
shown in Fig. 1, divides light wavelength regions (optical
attributes) Red, Green and Blue (where Red stands for a
red wavelength region, Green stands for a green wavelength
region, and Blue stands for a blue wavelength region) of
the illumination light, into a plurality of different
solid angle regions (for example, references IS1, IS2 and
IS3 in Fig.4(A)) (hereinafter, references Red, Green and

Blue are respectively denoted by references R, G and B,
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also). For example, the illumination light splitting
member 114 (114A, 114B) is, as shown in Figs. 2 (A) and
2(B), disc-shaped and comprises a plurality of filter
regions (color filters). These light splitting members
114 are changeable appropriately. For example, the
illumination light splitting member 114A shown in Fig.
2 (A) comprises three same-shaped (fan-shaped of a central
angle 120°) filter regions CFl, CF2 and CF3. The
illumination light splitting member 114B shown in Fig.
2(B) comprises three concentric circular filter regions

CFl, CF2 and CF3.

[0020]

The illumination light splitting member 114 is
disposed to be imaged on the position of an aperture stop
122B described later, between the light source portion
112 and the relay optical system (for example, lenses
arranged in tandem) 116A of the illumination optical
system 116 on the illumination optical axis L1 (an image
of the illumination light splitting member 114 formed in
the position of the aperture stop 122B, is called as a
relay image RI.). The relay image RI is a reduced image
of the illumination light splitting member 114. Meanwhile,
the position also of the illumination light splitting
member 114 may be changeable along the illumination
optical axis Ll (In other words, this is a constitution

that the relay image RI of the illumination light
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splittingmember 114 is able to be disposed in the position
of the aperture stop 122B.). Meanwhile, in the present
embodiment, the illumination light splitting member 114
is provided at the outer periphery of the above described
filter regions with an illumination stop portion (not
shown) that is a light shielding mask for shielding the
illumination light, but the illumination stop portion may
not be limited to such a structure, and a separate member
may be provided as an illumination stop member. Or, a
liquid crystal shutter whose transmittance or color is
electrically changeable may be used for the illumination
light splitting member. Also, the illumination light
splitting member that is transmission type, may be

reflection type.

[0021]

The lighting optical system 116 is so configured to
irradiate the object to be observed W with the illumination
light from the light source portion 112, as shown in Fig.
1. In other words, the lighting optical system 116 has a
constitution used in the image observation apparatus 100
which collects an object light from the object to be observed
W and makes an image of the object to be observed W
observable. The lighting optical system 116 which, on a side
of the object to be observed, is configured to form a
telecentric optical system, comprises the relay optical

system 116A, a beam splitter 116B, the aperture stop 122B,
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and an objective lens 122A (the above described illumination

light splitter member 114 may be included).

[0022]

The relay optical system 116A is, for example, a
refractive type lens system through which illumination
light passing through the illumination light splitting
member 114 passes, and may be a single lens or be composed
of a plurality of lenses. The lens or lenses 1include
concavo-convex shaped one(s) or refractive index profile
type lens(es). The relay optical system 116A may be a
telecentric optical system on the relay image side. The

reason therefor will be described later.

[0023]

The beam splitter 116B, as shown in Fig. 1, is disposed
on an opposite side to the object to be observed with respect
to the objective lens 122A, and the illumination optical
axis L1 of the lighting optical system 116 and the
observation optical axis L2 of the observation optical
system 122 are in agreement with each other. In other words,
the beam splitter 116B is disposed between a tube lens 122C
and the objective lens 122A on the observation optical axis
L2 of the observation optical system 122, and makes the
illumination optical axis Ll of the illumination light
passing through the illumination splitting member 114

coincident with the observation optical axis LZ2. In other
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words, the present embodiment is the image observation
apparatus 100 provided with socalled coaxial

episcopic-illumination.

[0024]

The aperture stop 122B is an optical element that
determines a numerical aperture of the objective lens 122A
and the objective lens 122A is, on the side of the object
to be observed, a telecentric optical system. Therefore,
the aperture stop 122B is disposed at the focusing position
of the objective lens 122A on the opposite side to the object
to be observed (For this arrangement, in case where light
is emitted from the respective points on the plane of the
aperture stop 122B, that 1light 1is made substantially
parallel and is irradiated onto the object to be observed
W) . Inorder to adjust brightness of the image on the detector
126, to adjust resolution described later, and to adjust
observation ability of inclination angle of the surface of
the object to be observed W, inner diameter of the aperture

stop 122B may be adjustable.

[0025]

The objective lens 122A has been infinity-corrected,
as shown in Fig. 1, and is opposed to the object to be observed
W. The objective lens 122A irradiates the object to be
observed Wwith a specific illumination solid angle IS with

the illumination light emitted from the 1ight source portion
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112 and passing through the illumination light splitting
member 114 and the relay optical system 116A. At this time,
since the objective lens 122A has been infinity- corrected
and the relay optical system 116A is, on the relay image
side, telecentric optical system, so light rays parallel
to each other in illumination light passing through the
aperture stop 122B (for instance, principal rays at
respective image heights (respective image forming
positions) of the relay optical system 116A), are all
collected at the same position on the object to be observed
W after passing through the objective lens 122A. Thus,
uniform illumination may be realized at respective points
on the object to be observed W observed through the objective
lens 122A (Koehler illumination). Incidentally, the
infinity-corrected objective lens 122A is preferable for
securing properties of the beam splitter 116B, but this is
not always indispensable for the present embodiment. In a
case where an objective 122A that is not infinity-corrected
isused, it is not necessary either that the relay lens system
116A is a telecentric system on the relay image side. For
example, in a case where axial marginal rays (the outer most
rays among rays advancing in the direction of the observation
optical axis L2 (the illumination optical axis L1l) of the
objective lens 122A and collecting on the focusing point)
are inclined with respect to the observation optical axis
L2 (the illumination optical axis L1), the relay optical

system 116A may be so constituted that the relay image RI
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is formed with an inclination angle of the principal rays
equivalent inmagnitude to the inclination angle of the axial

marginal light rays of the objective lens 122A.

[0026]

Further, the objective lens 122A as a part of the
observation optical system 122 receives the object light
(the illumination light reflected by the object to be
observed W) from the object to be observed W with a
predetermined solid angle DS (In other words, the objective
lens 122A is disposed on the optical path of the illumination
optical system 116 (or on the illumination optical axis L1)
and on the optical path of the observation optical system
122 (on the observation optical path L2). The objective lens
122A is replaceable, so the observation range (that is,
magnification) of the object to be observed W or numerical
aperture can be changed. That is to say, proper exchange
of the objective lens 122A enables to select optimum
inclination angle with optimum resolution in accordance
with the object to be observed W. Meanwhile, when the
objective lens 122A is exchanged, the aperture stop 122B
may be exchanged together with the objective lens 122A. For
this, it is desirable that the aperture stop 122B is held
at the same position. A revolving mechanism, for example,

may be adopted for replacing the objective lens 122A.

[0027]
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Thus, the relay image RI of the illumination light
splitting member 114 is disposed on the position of the
aperture stop 122B of the objective lens 122A. For this,
the lighting optical system 116 can irradiate the
respective positions of the observation range of the
object to be observed W, with the illumination light
having solid angle shapes substantially similar to each
other about the illumination principal rays L1’ as the
center, and separated into solid angle regions IS1, IS2
and IS3 of respective wavelength regions R, G and B. At
this time, through the illumination aperture LS by the
objective lens 122A, the illumination solid angles IS and
IS’ with respect to the different positions P and P’ of
the object to be observed W, are as shown in Fig. 3(A).
However, the illumination solid angles IS and IS’ differ
from each other in shape or direction of the illumination
principal rays L1’ at the positions P and P’, as shown

in Fig. 3(A).

[0028]

On the contrary, i1f the objective lens 122A is a
telecentric optical system on the side of the object to be
observed, it is possible to irradiate, with the illumination
light, all the positions in the observation range of the
object to be observed W under substantially the same
conditions. In other words, at this time, the illumination

solid angles IS are the same at the respective points of
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the object to be observed W. Meanwhile, since many of the
object to be observed W are plane, the objective lens 122A
that forms the telecentric optical system on the side of
the object to be observed, may be so constituted to cause
similar reflections to each other at points which are
different in position but the same in inclination angle ¢,
on the entire observation range. This is convenient.
Meanwhile, for the purpose of correcting errors in the
lighting optical system 116 or the observation optical
system 122 caused by assembling errors and the 1like, as well
as positional deviation of the aperture stop 122B caused
in a case where the aperture stop 122B is exchanged together
with the objective lens 122A, movements of the light source
portion 112, the illumination light splitter 114 and the

relay optical system 116A may be adjusted.

[0029]

The observation optical system 122, as shown in Fig.1,
receives light reflected by the object to be observed W,
thereby collecting the object light from the object to
be observed W with predetermined observation solid angle
DS and guiding the same to the detector 126. That is to
say, the observation optical system 122 collects the
object light and makes the image of the object to be
observed W observable. The observation optical system 122
is a telecentric optical system on the side of the object

to be observed W and comprises the objective lens 122A,



10

15

20

25

18

the aperture stop 122B and the tube lens 122C. The tube
lens 122C forms an image of the object light passing
through the objective lens 122A and the aperture stop 122B.
Meanwhile, regarding the objective lens 122A and the
aperture stop 122B already explained herein before,

explanation is omitted now.

[0030]

The detector 126 can discriminate between different
wave length regions R, G and B in the light of the image
of the object to be observed W formed through the observation
optical system 122. The detector 126 is, for example, a
color CCD camera or a color CMOS camera, and outputs the
formed image of the object to be observed W as two
dimensional color image data. In the present embodiment,
different optical attributes are different wave length
regions R, G and B of the light. Respective pixels of the
detector 126 may be composed of a set of pixels
respectively attached with color filters of red, green
and blue colors (Bayer pattern elements each composed of
4 pixel units). The detector 126 may be a stacked type
detector, as disclosed in United States Patent No. 5965875,
in which detection layers of respective colors (wave
length regions) are stacked in the direction of the
optical axis. Incidentally, the color image data are

processed in a processing device 130.
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[0031]

As shown in Fig. 1, the processing device 130 is
connected to the detector 126 and the display device DD.
For this, the processing device 130 can process the image
data outputted from the detector 126 to perform
interpolation of pixels for the object to be observed W
and remove noise (In addition, the processing device 130
may conduct dimensional measurement of or measure an
inclination angle ¢ of the object to be observed W, and
may highlight a region having a particular inclination
angle ¢) . The display device DD can display the color image
data and three dimensional image picked up by the detector
126 and various information, on the basis of the outputs
from the processing device 130. The present embodiment
is equipped with the processing device 130, but instead
the display device DD may be connected directly to the

detector 126 with no processing device.

[0032]

Next, with reference to Figs. 4 (A)and (B), therewill
be explained the principle why inclination angle ¢ of the
surface of the object to be observed W may be able to be
observed, based on differences in respective outputs of
wave length regions R, G and B of the light from the
detector 126. Incidentally, what are depicted by solid
lines are the illumination solid angle IS by the lighting

optical system 116 and the observation solid angle DS by
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the observation optical system 122 (for convenience sake,
the illumination solid angle IS and the observation solid
angle DS are shown differently in size so as to be
discriminative clearly from each other, but there is no
such difference in size in the present embodiment). In
the present embodiment, the objective lens 122A and the
aperture stop 122B are disposed in the optical path of
the lighting optical system 116 and the optical path of
the observation optical system 122. Here, it is so
constituted that the aperture stop 122B is located at the
focusing position of objective lens 122A on the opposite
side to the object to be observed W, and the relay image
RI of the illumination light splitting member 114 as the
filter member is formed at the position of the aperture
stop 122B. For this constitution, in a case where the relay
image RI is larger than the size of the aperture stop 122B,
the outermost shape of the illumination solid angle IS
is determined by the aperture stop 122B, and there are
no change in the shape and the direction of the
illumination solid angle IS.

Assuming this case, the following explanation is
made. Meanwhile, what are depicted by lines is the
reflection solid angle RS formed by the object light. The
reflection solid angle RS is formed by reflection light
(object light) of the illumination light irradiated onto
the respective points of the object to be observed W. The

illumination light is regularly reflected at the
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respective points and becomes the object light, so the
shape of the reflection solid angle RS is the identical
with the mirror-reflected shape of the illumination solid
angle IS. That is to say, the solid angle regions IS1,
IS2 and IS3 of the illumination solid angle IS correspond,
respectively, to the solid angle regions RS1, RS2 and RS3
of the reflection solid angle RS (At the same time, there

are relations of IS1 = RS1, IS2 = RS2, and IS3 = RS3).

[0033]

At first, in a case where the object to be observed
W is not inclined, as shown in Fig.4 (A), the reflection
light from the object to be observed W is not inclined
with respect thereto, and the reflection optical axis L3
and the observation optical axis L2 are coincident with
each other. In other words, if the illumination light
having the illumination solid angle IS is irradiated onto
the object to be observed W, the direction of the
reflection solid angle RS and the direction of the
observation solid angle DS are coincident with each other,
so that respective wave length regions R, G and B
corresponding to the solid angle regions RS1, RS2 and RS3
of the observation solid angle RS, are detected by the
detector 126 to be equal. Thus, the ratios of the light
amounts of the respective wave length regions R, G and
B are equal to each other, so the color observed is white,

thereby it being judged that the inclination angle ¢ is
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Z€ro.

[0034]

On the other hand, in a case where the object to be
observed W is inclined (inclination angle ¢#0), the
reflection light from the object to be observed W, 1is
inclined (inclination angle 2¢), as shown in Fig. 4(B),
and the reflection optical axis L3 and the observation
optical axis L2 are not coincident. In other words, if
the illumination light having the illumination solid
angle IS is irradiated onto the object to be observed W,
the shape of the reflection solid angle RS is held as shown
in Fig. 4(A), but the direction of the reflection solid
angle RS becomes inclined with respect to the direction
of the observation solid angle DS (inclination angle 2¢),
so that the observation solid angle DS takes a state in
which it does not include a portion of the reflection solid
angle RS. Thus, the detector 126 can not almost receive
light of wave length region corresponding to the solid
angle region RS1 of the reflection solid angle RS caused
by the object 1light, in the range of the observation solid
angle DS. On the other hand, the detector 126 can receive
light of wave length regions corresponding to the solid
angle regions RS2 and RS3, substantially equally. Thus,
the color observed changes based on the ratios of the 1ight
amounts of the respective detected wave length regions

R, G and B, thereby it being possible to judge
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quantitatively the inclination angle ¢.

[0035]

As described, according to the present embodiment,
due to the partially sharing or inclusive relationship
of the observation solid angle DS with the reflection
solid angle RS having mirror-reflected shape of the
illumination solid angle IS, the inclination ¢ of the

surface of the object to be observed W may be observed.

[0036]

Accordingly, in the present embodiment, relative
relationship of the observation solid angle DS with the
reflection solid angle RS is held constant at the
respective points on the object to be observed W,
depending on the position, with respect to the objective
lens 122A, on which position the relay image RI of
illumination light splitting member 114 that is the filter
member, is formed, and depending on the position of the
aperture stop 122B with respect to the objective lens 122A.
Then, when the reflection solid angle RS is inclined by
twice (2¢) as large as the inclination (inclination angle
¢)of the object to be observed W, the relative
relationship held constant changes, thereby causing
change in brightness of the reflection light captured at
the observation solid angle DS, or changes in brightness

of the reflection light for respective different optical



10

15

20

25

24

attributes, so that with respect to the inclination of
the object to be observed W, it is possible to detect the
direction and the inclination angle ¢ thereof

quantitatively.

[0037]

This is because, even if the image forming position
of the relay image RI of the illumination light splitting
member 114 and the position of the aperture stop 122B of
the objective lens 122A change, there is no change in the
reflection optical axis L3 of the reflection solid angle
RS in the central illumination optical axis L1
(observation optical axis L2), but in case where there
are such positional changes, inclination of the
observation solid angle DS relative to the reflection
solid angle RS changes largely in a point far from the
illumination optical axis L1 (observation optical axis

L2) within a determine field of view.

[0038]
Next, observation procedure of the object to be
observed W in the image observation apparatus 100 will

be explained with reference to Fig.b5.

[0039]
At first, illumination step (step 4 in Fig.5) is

performed. In the illumination step, illumination light
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having a particular illumination solid angle IS with a
plurality of solid angle regions IS1, IS2 and IS3 having
different light wavelength regions R, G and B, is
irradiated onto the object to be observed Wby the 1ighting
optical system 116. Meanwhile, in the present embodiment,
the illumination system 116 is used so that the
illumination solid angles IS are made to be the same for

the respective points of the object to be observed W.

[0040]

Next, image pick-up step (step S6 in Fig.5) is
conducted. In the image pick-up step, the detector 126
receives the object light from the object to be observed
W generated by the illumination light, with a
predetermined observation solid angle DS and picks up an

image.

[0041]

Next, display step (step S8 in Fig.5) is conducted.
In the display step, the display device DD displays the
object to be observed W observably, based on the image

data outputted from the detector 126.

[0042]
Thus, in the present embodiment, the beam splitter
116B is disposed between the objective lens 122A and the

tube lens 122C, and the objective lens 122A is used in
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common in the illumination optical system 116 and the
observation optical system 122. For this arrangement, in
comparison with the case where the beam splitter is
disposed between the object to be observed W and the
objective lens, even the objective lens 122A having a
smaller working distance to the object to be observed W
may be adopted. For this reason, the numerical aperture
of the observation optical system 122 can be made large
easily, so it is possible to improve resolution of the
observation optical system 122. At the same time, it is
possible to make the size of the observation solid angle
DS shown in Figs. 4(A) and (B) to be substantially the
same as the size of the illumination solid angle IS.
Accordingly, as shown in Fig. 4(B), even the inclination
angle ¢ becomes large to a certain extent, the detector
126 can detect the wavelength regions R, G and B of the
plurality of solid angle regions RS1, RS2 and RS3 forming

the reflection solid angle RS properly.

[0043]

Further, the present embodiment is so constituted
that the illumination light is made incident on the
objective lens 122A through the relay optical system 1164,
thereby it being possible to make the degree of freedom
of the arrangement of the illumination light splitting
member 114 and the light source portion 112 larger. In

other words, it is possible to secure large degree of
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freedom with respect to setting of the object to be
observed W. Further, since the image observation
apparatus 100 has a constitution of a socalled coaxial
episcopic illumination microscope, recovery efficiency
of the reflection light from the planer object to be
observed W is superb, and in many cases it is possible
to conduct bright observation over the object to be

observed W in the entirety thereof.

[0044]

Further, in the present embodiment, the optical
attributes of the illumination light splitting member 114
are light wavelength regions R, G and B. Therefore, the
illumination light splitting member 114 may be a general
purpose color filter, and the detector 126 may be a general
purpose color CCD camera or color CMOS camera as it is.
Therefore, costs for the light splitting member 114 and
the detector 126 may be made low, and the image observation
apparatus 100 may be simple in constitution. Moreover,
the optical attributes may be discriminated visually, and

state of the inclination angle ¢ may be recognized easily.

[0045]

Incidentally, in the present embodiment, three
light wavelength regions R, G and B are not limited to
red, green and blue of primary colors, but different 1ight

wavelength regions may be combined, or yellow, cyan as
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well as magenta which are in complementary color
relationship, may be used.

Further, for the light wavelength regions, infrared or
ultraviolet regions which are invisible, may be used, or
two or more light wavelength regions differing from each
other may be used. Incidentally, optical attributes
except a plurality of different light wavelength regions
R, G and B, may be polarizing light states differing from
each other. In this case, for example, a polarizing plate
for changing polarization state of light is used for the
illumination light splitting member. For the detector 126,
a corresponding polarizing plate may be used in order to

discriminate optical attributes.

[0046]

Further, in the present embodiment, either of the
illumination optical system 116 and the observation
optical system 122 is a telecentric optical system on the
side of the object to be observed W. In other words, the
illumination solid angles IS are the same for the
respective points of the object to be observed W.
Accordingly, in case where the object to be observed W
is planer, uniform information for the image data can be
obtained from all the respective points on the surface
of the object to be observed W. Thus, it is possible to
observe and evaluate information on the surface of the

object to be observed W uniformly with no relation to the
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locations of the respective points thereon. At the same
time therewith, even if there is large difference in
heights of the respective points on the surface of the
object to be observed W, it is possible to perform focusing
easily and observe the surface shape with high resolution.
Meanwhile, not only the above, but also either the
illumination optical system or the observation optical
system may be one side telecentric optical system, or
either of them may not be one side telecentric optical
system. Of course, either one or either of them may adopt

both side telecentric optical system.

[0047]

Meanwhile, the respective filter regions CF1l, CF2
and CF3 of the illumination light splitting member 114
are formed generally by a photolithographic technique or
the like. In the case of the illumination light splitting
member 114A as shown in Fig. 2(A), in order to reduce
observation error of inclination angle ¢ of the object
to be observed W, it is necessary that the boundaries of
the respective filter regions CF1l, CF2 and CF3 are made
coincident with each other with high precision. Similarly,
in the case of the illumination light splitting member
114B as shown in Fig. 2(B), it is necessary that the
center positions of the respective filter regions CF1,
CF2 and CF3 are made coincident with each other with high

precision.
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On the contrary, in the present embodiment, the relay
image RI is a reduced image of the illumination light
splitting member 114. Therefore, even if precision with
respect to illumination light splitting member 114 is
loosened to the extent of the reduction ratio, it is
possible to maintain high observation precision for the
inclination angle ¢. In other words, according to the
present embodiment, reduction of precision caused by
errors upon machining or assembling the illumination
light splitting member 114, can be prevented. Meanwhile,
not only the above, but also the relay image RI may be
a life-sized image or an enlarged one. In case of the
life-sized image, a lens constitution may be simple, that
is effective for cost reduction. In case of the enlarged
image, the lighting optical system 116 may be made

compact.

[0048]

Further, in the present embodiment, the objective
lens 122A is exchangeable. In other words, in the present
embodiment, the objective lens 122A is used commonly in
the lighting optical system 116 and the observation
optical system 122, so if the objective lens 122A is
exchanged in accordance with the object to be observed
W, the illumination solid angle IS and the observation
solid angle DS can be switched over at the same time. In

other words, exchanging the objective lens 122A enables
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the range of the observable inclination angle ¢ to switch
over easily. Meanwhile, instead thereof, the objective
lens 122A may be fixed. In this case, the aperture stop
122B may be so configured that diameter thereof is made
variable to switch over the range of the observable

inclination angle ¢.

[0049]

As described, according to the present embodiment,
the object to be observed W is observable with high
resolution, and a wide range of the inclination angle ¢

may be recognized.

[0050]

Meanwhile, if an objective lens having a large
diameter and a large working distance is selected, it is
possible tomake the numerical aperture of the observation
optical system large even in the case where the beam
splitter is disposed between the object to be observed
W and the objective lens. However, in this case, it is
inevitable tomake the numerical aperture of the objective
lens large and to increase the number of lenses for making
correction of color aberrations caused thereby. In
particular, in case where a color filter is used as the
illumination light splitting member 114, to split into
the illumination solid angles IS and IS’ according the

light wavelength regions, it is desirable for the
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objective lens to be corrected well with respect to color
aberrations in order to prevent deterioration in
resolution and detection error caused by color shifting.
However, color aberrations become large in proportion to
the maximum height of the light rays incident onto the
lens or to the square thereof. Accordingly, the larger
the numerical aperture is and the larger the working
distance is, the more it is difficult to remove the color
aberrations, and the more it is difficult to achieve both
of making the lens compact and making the diameter and
working distance thereof large. That is to say, according
to the present embodiment, in comparison with the case
where the beam splitter is disposed between the object
to be observed W and the objective lens, it is possible
to manufacture compact and low-cost image observation

system 100.

[0051]

Meanwhile, in the present embodiment, the lighting
optical system 116 is equipped with the relay optical
system 116A, but the present invention is not limited
thereto. For example, the present invention may adopt a
constitution of the second embodiment shown in Fig. 6.
In the second embodiment, differing from the first
embodiment, it is possible to dispose an illumination
light splitting member 214 in the position of the aperture

stop (illumination stop) on the illumination optical axis
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L1. Therefore, regarding the elements except portions
related to the illumination light splitting member 214,
a beam splitter 216B and an aperture stop 222B, the first
digits of the reference numerals are changed and the
explanations thereof are omitted.

In the present embodiment, since it is possible to
dispose the illumination light splitting member 214 in
the position of the aperture stop (illumination stop) on
the illumination optical axis L1, the beam splitter 216B
is disposed between the aperture stop 222B and the
objective lens 222A used in the observation optical system
222 . That is to say, according to the present embodiment,
since there is no relay optical system, a constitution
of the image observation apparatus 200 may be made more
simple and compact, so it is possible to achieve low cost.
Meanwhile, distance from the objective lens 222A to the
illumination light splitting member 214 is made
substantially equal to distance from the objective lens
222A to the aperture stop 222B. Meanwhile, no aperture
stop 222B is used in the illumination optical system 216,
so the illumination solid angle IS and the observation
solid angle DS may be made different from each other in

shape (this is the same in the third embodiment).

[0052]
Or, the third embodiment shown in Fig.7 may be

adopted. In the third embodiment, like the second
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embodiment, the beam splitter 316B is disposed between
the aperture stop 322B and the objective lens 322A used
in the observation optical system 322 . However, differing
from the second embodiment, the lighting optical system
316 is provided with the illumination stop 316C. And, like
the first embodiment, the lighting optical system 316 is
provided with a relay optical system 316A. Accordingly,
according to the present embodiment, the degree of freedom
for arranging the lighting optical system 316 may be
secured more largely, and it is possible to arrange the
observation optical system 322 more appropriately.
Meanwhile, regarding the elements except the relay
optical system 316A, the aperture stop 322B and the
illumination stop 316C, the first digits of the reference
numerals are changed and the explanations thereof are
omitted. Meanwhile, in the present embodiment also, it
is not necessary that the objective lens 322A 1is
infinity-corrected, andno telecentric system is required
on the relay image side of the relay optical system 316A.
Further, no illumination stop 316C may be required.
Meanwhile, distance from the objective lens 322A to the
illumination stop 316C is made substantially equal to
distance from the objective lens 322A to the aperture stop
322B (In other words, the present embodiment also is so
constituted that the relay image RI by the relay optical
system 316A is formed at the position of the aperture stop

322B) .
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[0053]

Meanwhile, in either of the above embodiments,
explanation is made on the assumption that the
illumination light splitting member having always
determined properties was used, but an exchangeable or

rotation-adjustable one may be adopted.

[0054]

Also, 1in the above embodiments, the illumination
light splitting member or the relay image RI of the
illumination light splitting member may be disposed at
the position of the aperture stop that determines the
numerical aperture of the objective lens, but the present
invention is not limited to such arrangements. The
illumination light splitting member or the relay image
RI of the illumination light splitting member may be
disposed on an opposite side to the object to be observed
W with respect to the objective lens (between the
objective lens and the light source portion), that is,
in front of the objective lens. Even in such case, the
afore described partially shearing or inclusive
relationship of the reflection solid angle RS with the
observation solid angle DS may be obtained, so the
advantageous effects of the present invention may be

attained suitably.
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[0055]

Also, in the above embodiments, the illumination
light splitting member as the filter member is so
configured to divide the optical attributes of the
illumination light into a plurality of different solid
angle regions, but the present invention is not limited
thereto. For example, the filter member may be so
configured to change optical attributes of the

illumination light to a specific optical attribute.

Industrial Applicability
[0056]

The present invention can be widely applicable to
the image observation apparatus that is equipped with the
lighting optical system irradiating the object to be
observed with the illumination light and the observation
optical systemcollecting the object 1ight from the object

to be observed to guide the detector.

LIST OF REFERENCE NUMERALS

[0057]
100, 200, 300 -— image observation apparatus
112, 212, 312 -— light source portion
114, 114A, 114B, 214, 314 -— illumination light

splitting member
116, 216, 316 -— lighting optical system

116A, 316A -— relay optical system
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122,
1224,
1228,
122c¢C,
126,

130,

316C

B, G,
CF1,

DD -

37

216B, 316B -— beam splitter
222, 322 -— observation optical system
2227, 3227 -—— objective lens

222B, 322B -— aperture stop

222C, 322C -—- tube lens

226, 326 -— detector

230, 330 -— processing device
illumination stop

R -— light wavelength region
CF2, CF3 -—- filter region

display device

DS -—- observation solid angle

IS, IS’ -— illumination solid angle
Isl, IS2, IS3, RS1, RS2, RS3 -— solid angle region
Ll -—— illumination optical axis
L1’ -— illumination principal ray
L2 - observation optical axis

L3 - reflection optical axis

LS - illumination aperture

P, Pl1, P2, P’ -— position

RI relay image

RS -— reflection solid angle

W -— object to be observed

¢ -~ inclination angle
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CLATMS
1. An image observation apparatus provided with a
lighting optical system for irradiating an object to
be observed with an illumination light and an
observation optical system for collecting object light
from the object to be observed and guiding it to a
detector, wherein the apparatus comprises:
an objective lens opposed to the object to be
observed;

a beam splitter disposed on an opposite side to the
object to be observed with respect to the objective lens
and in which the illumination optical axis of the lighting
optical system and the observation optical axis of the
observation optical system are made coincide with each
other; and

a filter member that divides optical attributes of
the illumination light into one or more solid angle
regions, or a relay image of the filter member being

disposed in front of the objective lens.

2. The image observation apparatus according to claim
1, wherein said filter member or the relay image of the
filter member is disposed at the position of an aperture
stop that determines a numerical aperture of said

objective lens.

3. The image observation apparatus according to claim
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1 or 2, wherein in said filter member said optical

attributes are light wavelength regions.

4. The image observation apparatus according to any

5 one of claims 1 to 3, wherein either of said lighting
optical system and said observation optical system is

a telecentric optical system on the side of the object

to be observed.

10 5. The image observation apparatus according to any one
of claims 1 to 4, wherein said relay image is a reduced

image of said filter member.

6. The image observation apparatus according to any one
15 of claims 1 to 5, wherein said objective lens is
interchangeable.
7. A lighting optical system to be used in an image

observation apparatus which collects an object light
20 from an object to be observed and makes an image of the
object to be observed observable, wherein the lighting
optical system comprises:
an objective lens opposed to the object to be
observed;
25 a beam splitter disposed on an opposite side to the
object to be observed with respect to the objective lens

and in which the illumination optical axis of the lighting
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optical system and the observation optical axis of the

observation optical system are in agreement with each

other; and

a filter member that divides optical attributes of

the illumination light into one or more solid angle

regions or a relay image of the filter member being

disposed in front of the objective lens.

8.

10.

11.

The lighting optical system according to claim 7,
wherein

said filter member or the relay image of the filter
member is disposed at a position of an aperture stop
that determines a numerical aperture of said objective

lens.

The lighting optical system according to claim 7 or
8, wherein
in said filter member said optical attributes are

light wavelength regions.

The lighting optical system according to any one
of claims 7 to 9, wherein

either of said lighting optical system and said
observation optical system is a telecentric optical

system on the side of the object to be observed.

The lighting optical system according to any one of



41

claims 7 to 10, wherein
salid relay image is a reduced image of said filter

member.



