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(57) ABSTRACT

An optical device for microscopic observation 4 comprises:
a cold stop 13 having openings 134, 13e corresponding to a
low-magnification microscope optical system 5 and being a
stop member arranged in a vacuum vessel 12 to let the light
from the sample S pass to the camera 3; a warm stop 10
having an opening 14 corresponding to a high-magnification
microscope optical system 5 and being a stop member
arranged outside the vacuum vessel 12 to let the light from
the sample S pass toward the cold stop 13; and a support
member 11 supporting the warm stop 10 so that the warm
stop can be inserted to or removed from on the optical axis
of'the light from the sample S, wherein the warm stop 10 has
a reflective surface 15 on the camera 3 side and wherein the
opening 14 is smaller than the openings 13d, 13e.
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OPTICAL DEVICE FOR MICROSCOPIC
OBSERVATION

TECHNICAL FIELD

[0001] The present invention relates to an optical device
for microscopic observation provided for enlarged observa-
tion of light from an object.

BACKGROUND ART

[0002] Optical devices for observing light of specific
wavelength such as infrared light from an object have been
used heretofore. Such optical devices are provided with a
mechanism for suppressing influence of light from the part
other than the object. For example, Patent Literature 1 below
discloses an infrared detecting device having a toroidal
warmshield comprising segments. This infrared detecting
device is provided with a vacuum window in a front face of
a coldshield surrounding an infrared detector, and three
toroidal reflective members are arranged in front of this
vacuum window. These toroidal reflective members have
respective openings in their centers and these openings are
arranged as aligned on a central axis so that they are located
in symmetry with respect to the central axis of the detecting
device. The sizes of the respective openings are set accord-
ing to the diameter of an optical image to be detected by the
infrared detector. Inside surfaces of these toroidal reflective
members are toroidal surfaces.

[0003] Patent Literature 2 below discloses an infrared
optical device for letting infrared light from an object pass
through an interchangeable lens and impinge on a detector
element, this infrared optical device is equipped with a
Dewar vessel provided around the detector element and two
mirror apertures provided outside the Dewar vessel, and
these mirror apertures are arranged as movable along the
optical axis of the interchangeable lens. Mirror surfaces are
provided on the inside of the mirror apertures, the infrared
light from the object travels through opening portions of the
mirror apertures to reach the detector element in the Dewar
vessel, and infrared light emanating from the part other than
the object is prevented from impinging on the detector
element, because only the cooled part or only the detector
element is seen when the mirror surfaces are viewed from
the detector element. As a result, good imaging performance
can be achieved.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: U.S. Pat. No. 4,820,923
[0005] Patent Literature 2: Japanese Patent Application
Laid-Open
[0006] Publication No. H06-160696
SUMMARY OF INVENTION
Technical Problems
[0007] In the infrared detecting device described in the

foregoing Patent Literature 1, however, since the sizes of the
openings of the toroidal reflective members are set accord-
ing to the aperture of the coldshield, it is difficult, with a
changeover of the magnification of the optical system
located on the object side, to make an image according to the
changed magnification impinge on the detector element.
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[0008] The infrared optical device described in the fore-
going Patent Literature 2 allows suitable observation of the
object with use of interchangeable lenses of various numeri-
cal apertures at different magnifications by moving the
mirror apertures along the optical axis of the interchangeable
lens upon a change of the object-side interchangeable lens,
but it requires a mechanism for adjusting the positions of the
mirror apertures, which tends to increase the scale of the
device. If there is a large difference between image-side
numerical apertures of interchangeable lenses as inter-
changed objects, it is necessary to ensure a large adjustable
distance for the mirror apertures, which tends to increase the
scale of the device.

[0009] The present invention has been accomplished in
view of the foregoing problems and it is an object of the
present invention to provide an optical device for micro-
scopic observation enabling a changeover between a plural-
ity of observation magnifications of the object and allowing
easy implementation of downsizing of the device.

Solution to Problems

[0010] In order to solve the above problems, an optical
device for microscopic observation according to an aspect of
the present invention is an optical device for microscopic
observation which makes light from an object incident on an
imaging element, the optical device comprising: a cold stop
which has a first opening corresponding to an optical system
on the object side having a first magnification and which is
arranged in a vacuum vessel to let the light from the object
pass to the imaging element; a warm stop which has a
second opening corresponding to an optical system on the
object side having a second magnification and which is a
stop member arranged outside the vacuum vessel to let the
light from the object pass toward the cold stop; and a support
member which supports the warm stop so that the warm stop
can be inserted to or removed from on the optical axis of the
light from the object, wherein the warm stop has a reflective
surface on the imaging element side and wherein the second
opening is smaller than the first opening.

[0011] In this optical device for microscopic observation,
when the optical system set at the first magnification is used
as the object-side optical system, the warm stop is set off
from on the optical axis, whereby the light from the object
impinges on the imaging element while being narrowed
down by the cold stop with the first opening corresponding
to an NA of the optical system, which reduces background
noise in a detected image by the imaging element. Further-
more, when the optical system set at the second magnifica-
tion is used as the object-side optical system, the warm stop
with the second opening corresponding to an NA of the
optical system is arranged on the optical axis, whereby the
light from the object is narrowed down according to a beam
thereof and thereafter passes through the cold stop to
impinge on the imaging element. Here, since the second
opening is smaller than the first opening, the background
noise can be reduced corresponding to optical systems with
multiple magnifications even if the support member for
inserting and removing the warm stop is located outside the
vacuum vessel, which can simplify the structure of the
support member. Since this support member is disposed in
directions intersecting with the optical axis of the optical
system, downsizing of the support member is also readily
realized. As a result, it becomes feasible to implement a
changeover between a plurality of observation magnifica-
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tions, while reducing the background noise for optical
systems with multiple observation magnifications, and to
readily realize downsizing of the device.

Advantageous Effect of Invention

[0012] The present invention enables reduction in back-
ground noise for optical systems with multiple observation
magnifications and easy implementation of downsizing of
the device.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a schematic configuration diagram of a
microscope device according to a preferred embodiment of
the present invention.

[0014] FIG. 2 is a perspective view showing an optical
device for microscopic observation 4 shown in FIG. 1,
which is cut along a central axis.

[0015] FIG. 3 is a perspective view showing the optical
device for microscopic observation 4 shown in FIG. 1,
which is cut along the central axis.

[0016] FIG. 4 is a plan view showing a state of incidence
of a beam from a sample S in the optical device for
microscopic observation 4 wherein a warm stop 10 is
removed as shown in FIG. 2.

[0017] FIG. 5 is a plan view showing a state of incidence
of a beam from the sample S in the optical device for
microscopic observation 4 wherein the warm stop 10 is
inserted as shown in FIG. 3.

[0018] FIG. 6 is a plan view of the warm stop 10 in FIGS.
2 and 3.
[0019] FIG. 7 is a plan view showing an observation range

of an imaging element 16 with respect to a reflective face
155 of the warm stop 10 in FIG. 6.

[0020] FIG. 8 is a plan view showing an observation range
of the imaging element 16 set by the optical device for
microscopic observation 4 in FIG. 3.

[0021] FIG. 9 is a plan view showing the major part of an
optical device for microscopic observation 24 according to
the second embodiment of the present invention.

[0022] FIG. 10 is a plan view showing the major part of an
optical device for microscopic observation 44 according to
the third embodiment of the present invention.

[0023] FIG. 11 is a plan view showing the major part of an
optical device for microscopic observation 64 according to
the fourth embodiment of the present invention.

[0024] FIG. 12 is a plan view of a warm stop 110 being a
modification example of the present invention.

[0025] FIG. 13 is a plan view of a warm stop 210 being
another modification example of the present invention.
[0026] FIG. 14 is a plan view of a warm stop 310 being
another modification example of the present invention.
[0027] FIG. 15 is a plan view of a warm stop 90 being
another modification example of the present invention.

DESCRIPTION OF EMBODIMENTS

[0028] Preferred embodiments of optical devices for
microscopic observation according to the present invention
will be described below in detail with reference to the
drawings. Identical or equivalent portions will be denoted by
the same reference signs in the description of the drawings,
without redundant description.
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First Embodiment

[0029] FIG. 1 is a schematic configuration diagram of a
microscope device 1 for luminescence observation accord-
ing to the first embodiment of the present invention. The
microscope device 1 shown in the same drawing is com-
posed of a dark box 2, a camera (imaging element) 3 that can
detect infrared light emitted from a sample (object) S set in
the dark box 2, an optical device for microscopic observa-
tion 4 attached to the camera 3, and a microscope optical
system 5 arranged between the camera 3 integrated with the
optical device for microscopic observation 4, and the sample
S. This microscope optical system 5 is an optical system for
forming an infrared image of the sample S at a desired
magnification in the camera 3, and is configured in a
structure wherein a macro optical system 7 incorporating a
lens with a relatively low magnification and a micro optical
system 8 incorporating a lens with a higher magnification
than the magnification of the macro optical system 7 are
supported so that they can be changed over from one to the
other by an optical system changeover mechanism 6. This
microscope optical system 5 implements such a changeover
as to locate either of the macro optical system 7 and the
micro optical system 8 between the sample S and the optical
device for microscopic observation 4, whereby infrared light
emitted from the sample S is incident into the camera 3
through the objective optical system according to the desired
magnification.

[0030] The optical device for microscopic observation 4 is
an optical device for combining the camera 3 capable of
detecting the infrared light, with the microscope optical
system 5 for forming the infrared image of the sample S in
the camera 3, while allowing a changeover between the
magnifications. FIGS. 2 and 3 are perspective views show-
ing the optical device for microscopic observation 4 cut
along the central axis. FIG. 2 shows a use state of the optical
device for microscopic observation 4 with the microscope
optical system 5 being changed over to the macro optical
system 7, and FIG. 3 a use state of the optical device for
microscopic observation 4 with the microscope optical sys-
tem 5 being changed over to the micro optical system 8.
[0031] The optical device for microscopic observation 4 is
provided with a relay lens 9 for re-imaging an image plane
where the beam of infrared light from the macro optical
system 7 and the micro optical system 8 is focused, a warm
stop 10 being a stop member with a light shield property for
narrowing down the beam incident from the relay lens 9
side, a support member 11 supporting this warm stop 10 so
that it can be inserted to or removed from on the optical axis
of'the relay lens 9, a vacuum vessel 12 of a nearly cylindrical
shape, and a cold stop 13 arranged on the optical axis of the
relay lens 9 in the vacuum vessel 12 and being a stop
member with a light shield property for narrowing down the
beam incident from the relay lens 9 side.

[0032] The warm stop 10 has an approximate disk shape,
an opening 14 of a nearly circular shape is formed in a center
thereof, and a reflective surface 15 is formed on the opposite
side to the relay lens 9 located outside the opening 14. This
warm stop 10 is fixed to the support member 11 of an
elongated shape and is supported so as to be slidable in
directions perpendicular to the optical axis of the relay lens
9 by the support member 11. Namely, the warm stop 10 is
arranged in such a manner that it can be inserted or removed
between a position where it is removed from an exit face 9a
of'the relay lens 9 (FIG. 2) and a position where it is inserted
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so as to face the exit face 9a of the relay lens 9 (FIG. 3).
When the warm stop 10 is inserted, the warm stop 10 is
located at the position corresponding to the pupil position of
the micro optical system 8 in the microscope optical system
5 in a state in which the center of the opening 14 thereof is
coincident with the optical axis of the relay lens 9. This
position corresponding to the pupil position of the micro
optical system 8 is preferably near the pupil position and if
the pupil position is present in the vacuum vessel 12, it is a
position as close to the pupil position as possible and,
specifically, a position proximate to a window 12a on the
sample S side of the vacuum vessel 12.

[0033] The cold stop 13 is arranged inside the vacuum
vessel 12 maintained in a low temperature state by an
unillustrated cooling device and is configured so that double
stop members 135, 13¢ are integrally formed inside a tubular
member 13a of a cylindrical shape. These stop members
135, 13¢ have an approximate disk shape and openings 134,
13e of a nearly circular shape are formed in their centers so
that the centers of the openings 134, 13e are coincident with
the optical axis of the relay lens 9. The window 124 of a
circular shape is provided in an end face on the relay lens 9
side of the vacuum vessel 12 and the beam from the sample
S having passed through the relay lens 9 travels through the
window 12a to enter the cold stop 13 in the vacuum vessel
12. Furthermore, the tip section of the camera 3 is hermeti-
cally connected to an opening part 125 of a circular shape on
the opposite side to the relay lens 9 in the vacuum vessel 12,
whereby an image detection plane of an imaging element
built in the camera 3 is arranged so as to face the window
12a with the cold stop 13 in between. This configuration
allows the entire cold stop 13 and the tip section of the
camera 3 to be maintained in a low temperature state.

[0034] Next, the relationship between the sizes of the
warm stop 10 and the cold stop 13 will be described. FIG.
4 is a plan view showing a state of incidence of the beam
from the sample S in the optical device for microscopic
observation 4 wherein the warm stop 10 is removed, and
FIG. 5 a plan view showing a state of incidence of the beam
from the sample S in the optical device for microscopic
observation 4 wherein the warm stop 10 is inserted.

[0035] With reference to FIG. 4, when the microscope
optical system 5 is changed over to the macro optical system
7, it is necessary to use a lens with a large NA for obtaining
high sensitivity even with the use of the macro optical
system 7 having the relatively low magnification and there-
fore the exit pupil diameter of the macro optical system 7
becomes larger in accordance therewith. In this case, the
beam B, having been emitted from the sample S and having
passed through the macro optical system 7 is re-focused by
the relay lens 9 to travel through the openings 13d, 13¢ of
the stop members 135, 13¢ of the cold stop 13 to impinge on
the imaging element 16 built in the camera 3. In order to
prevent the imaging element 16 from observing radiation
from the surroundings on this occasion, the inner diameters
of the openings 13d, 13e are set to sizes matching the
magnification of the macro optical system 7 so as to match
the diameter of the beam B,. The “sizes matching the
magnification” stated herein refer to sizes ranging from
100% to 120% of the diameter of the beam B, including an
error in a permissible range according to the diameter of the
beam B, determined by the magnification of the macro
optical system 7, and do not have to be limited to sizes
perfectly coincident with the diameter of the beam B,.
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[0036] With reference to FIG. 5, when the microscope
optical system 5 is changed over to the micro optical system
8, the NA needed in the micro optical system 8 with the
relatively high magnification is smaller than that in the
macro optical system 7 and therefore the exit pupil diameter
of the micro optical system 8 becomes smaller according
thereto. Specifically, the NA of the micro optical system 8 is
that of the macro optical system 7 divided by several tens.
In this case, the beam B, having been emitted from the
sample S and having passed through the micro optical
system 8 is re-focused by the relay lens 9 to successively
travel through the opening 14 of the warm stop 10 and the
openings 13d, 13e of the stop members 135, 13¢ of the cold
stop 13 to impinge on the imaging element 16 built in the
camera 3. In order to prevent the imaging element 16 from
observing radiation from the surroundings on this occasion,
the inner diameter of the opening 14 is set to a size matching
the magnification of the micro optical system 8 so as to
match the diameter of the beam B,. This results in setting the
inner diameter of the opening 14 smaller than the inner
diameters of the openings 134, 13e. The “size matching the
magnification” stated herein refers to a size ranging from
100% to 120% of the diameter of the beam B, including an
error in a permissible range according to the diameter of the
beam B, determined by the magnification of the micro
optical system 8, and does not have to be limited to a size
perfectly coincident with the diameter of the beam B,.

[0037] Next, the configuration of the warm stop 10 will be
described in detail. FIG. 6 shows a plan view of the warm
stop 10.

[0038] A reflective surface 15 coated with a high-reflec-
tance material such as gold or silver is formed as a surface
on the imaging element 16 side of the warm stop 10. This
reflective surface 15 is produced so that a reflective face 154
with a gentle slope relative to a face including an opening
edge of the opening 14 and a reflective face 156 with a steep
slope relative to the face including the opening edge of the
opening 14 are continuously formed in this order from the
opening edge of the opening 14 toward the outside. Spe-
cifically, the reflective face 154 is a plane approximately
parallel to the face including the opening edge of the
opening 14 and the reflective face 156 a concave face (e.g.,
a spherical face or the like) whose inclination gradually
increases toward the outside. The reflective face 156 may
have a conical surface shape whose inclination is constant.
The shapes of these reflective faces 15a, 155 are set so as to
project an image of the cold stop 13 onto the imaging
element 16 and so as not to project an image of the imaging
element 16 itself thereto.

[0039] Specifically, when the reflective face 156 of the
warm stop 10 adopted is a spherical surface shape with the
center of a sphere on the optical axis, the radius of curvature
R of the reflective face 155 is set different from a distance
between the imaging element 16 and the warm stop 10 so
that normals to the reflective face 156 are not directed
directly to the imaging element 16, in order to prevent
luminescence and reflected and scattered light from the
imaging element 16 from being again focused on the imag-
ing element 16. Specifically, the radius of curvature R is set
to be sufficiently larger than the same distance between the
imaging element 16 and the warm stop 10. When a conical
surface is adopted as the reflective face 154 of the warm stop
10, intersecting positions of normals to the reflective face 15
with the optical axis are set sufficiently apart from the
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imaging element so that the normals are not directed directly
to the imaging element 16, in order to prevent luminescence
and reflected and scattered light from the imaging element
16 from being again focused on the imaging element 16.

[0040] As shown in FIG. 7, the reflective face 155 of the
warm stop 10 is formed so that the radius of curvature at a
slope of portions corresponding to the diameter of the
opening 134 of the stop member 135 of the cold stop 13 or
portions intersecting with chain lines in the same drawing is
set to not more than about twice the distance between the
imaging element 16 and the warm stop 10. This is a
condition that lines of sight extending from the imaging
element 16 are returned to the interior of the cold stop 13
whereby external radiation is not guided to the imaging
element 16. In more detail, when L is the distance between
the imaging element 16 and the warm stop 10, N, NA of the
reflective face 1556, N_=N, /R (R is the radius of curvature
of the reflective face 154) an effective inclination in NA
equivalent at the edge position of the reflective face 154, N,
an angle to the periphery of the cold stop 13 in NA
equivalent when viewed from the edge position of the
reflective face 155, and N, an NA of the imaging element 16
when viewed from the reflective face 155, the condition that
the outside of the cold stop 13 is never continually seen from
the imaging element 16 is given by Expression (1) below;

N,>N,+N~2N,, ).

Therefore, based on the above Expression (1), the radius of
curvature R of the reflective face 1556 is set so as to satisfy
Expression (2) below;

R<2N,LI(N,;+NN,) Q).

A angle in NA equivalent is the result of conversion of the
angle by a sin function.

[0041] Furthermore, the inclination of the portions corre-
sponding to the diameter of the opening 13d of the stop
member 135 of the cold stop 13 in the reflective face 156 of
the warm stop 10 is set to not more than 45°. This is a
condition necessary for preventing radiation from a clear-
ance between the warm stop 10 and the cold stop 13 from
impinging on the imaging element 16. When the inclination
is set small in this manner, the thickness of the warm stop 10
can be made smaller and an appropriate optical system can
be readily formed by the warm stop 10.

[0042] An observation range of the imaging element 16 set
with the warm stop 10 being inserted, in the optical device
for microscopic observation 4 of the foregoing configuration
will be described with reference to FIG. 8.

[0043] As shown in the same drawing, the inside reflective
face 15a of the warm stop 10 deflects lines of sight S, S,
extending from the imaging element 16, to a cooled portion
of either stop member 135 or 13¢ of the cold stop 13. In
conjunction therewith, scattered light and reflected light
generated by scattering and reflection of the beam B, by an
imaging area of the imaging element 16 is reflected to the
outside of the imaging element 16 by the reflective face 154
and is thus prevented from impinging on the imaging
element 16. By the outside reflective face 155 of the warm
stop 10, a line of sight S; extending from the imaging
element 16 is deflected to a cooled portion of the stop
member 135 of the cold stop 13 and thus is prevented from
being directed toward a warm part outside the stop member
135. In conjunction therewith, scattered light and reflected
light generated on the imaging area of the imaging element
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16 is reflected to the outside of the imaging element 16 by
the reflective face 156 and thus is prevented from impinging
on the imaging element 16.

[0044] In the optical device for microscopic observation 4
described above, when the macro optical system 7 set at the
low magnification is used as the microscope optical system
5 on the sample S side, the warm stop 10 is removed from
on the optical axis, whereby the light from the sample S is
narrowed down by the cold stop 13 having the openings 134,
13¢ matching the NA of the macro optical system 7, to
impinge on the imaging element 16, which reduces the
background noise in the detected image by the imaging
element 16. Furthermore, when the micro optical system 8
set at the high magnification is used as the microscope
optical system 5 on the sample S side, the warm stop 10 with
the opening 14 matching the NA of the micro optical system
8 is set on the optical axis, whereby the light from the sample
S is narrowed down according to the beam thereof and then
passes through the cold stop 13 to impinge on the imaging
element 16. Since the opening 14 of the warm stop 10 is
smaller than the openings 13d, 13e of the cold stop 13
herein, the infrared image can be suitably narrowed down
corresponding to the microscope optical system 5 with
multiple magnifications even if the support member 11 for
insertion/removal of the warm stop 10 is located outside the
vacuum vessel 12; therefore, the structure of the support
member 11 is simplified. Since this support member 11 is
provided in the directions intersecting with the optical axis
of the microscope optical system 5, downsizing of the
support member 11 is also readily implemented. As a result,
it is feasible to reduce the background noise with a change-
over between observation magnifications of the sample S
and to readily realize downsizing of the optical device for
microscopic observation 4.

[0045] Since the support member 11 is configured so that
the opening 14 of the warm stop 10 can be inserted or
removed at the position proximate to the window 12a on the
sample S side of the vacuum vessel 12, i.e., at the position
corresponding to the pupil position of the micro optical
system 8, when the high-magnification micro optical system
8 is used, the infrared image of the sample S can be
narrowed down in accordance with the diameter thereof.
[0046] Inthe optical device for microscopic observation 4,
the reflective surface 15 provided in the warm stop 10 causes
the imaging element 16 to observe the light from the cold
stop 13 but not to observe the light reflected by the imaging
element 16. This allows both of spot noise and background
noise to be reduced in the detected image by the imaging
element 16, in use of the microscope optical system 5 on the
sample S side while being changed over.

[0047] In the conventional microscope apparatus, for
using both of a high-magnification objective lens and a
low-magnification objective lens, it is first necessary to
make the camera-side NA sufficiently large, for effective use
of the low-magnification lens. Specifically, when the mag-
nification of the low-magnification lens for the camera is
represented by a and the NA thereof is n, the camera-side
NA needs to be set to n/a. However, since the NA necessary
for the high-magnification lens is that for the low-magnifi-
cation lens divided by several tens, the cold stop for adjust-
ment of the camera NA needed to suit the NA of the
low-magnification lens, for effective use of the two lenses.
For this reason, the conventional microscope apparatus
observed the radiation from the surroundings through the
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excess NA portion in use of the high-magnification lens, so
as to result in increase of background noise. In order to solve
the problem of background noise, it is effective to change the
size of the cold stop according to the objective lens. How-
ever, since the cold stop is usually arranged in vacuum and
cooled at ultralow temperature, it is difficult to provide a
mechanism for change of size. In contrast to it, the present
embodiment involves the insertion/removal of the warm
stop 10 outside the vacuum vessel 12 in accordance with the
magnification of the microscope optical system 5 on the
sample S side, thereby achieving the same effect as decrease
of the size of the cold stop. Since the position of the warm
stop 10 is not limited by the position of the exit pupil, there
is no need for design of dedicated objective lenses, which
facilitates optical design of the entire device.

[0048] The infrared optical device described in the prior
Literature (Japanese Patent Application Laid-Open Publica-
tion No. H06-160696) allows suitable observation with
interchangeable lenses of various image-side numerical
apertures by moving the mirror apertures along the optical
axis of the interchangeable lens upon a changeover of the
object-side interchangeable lens, but it requires the mecha-
nism for fine adjustment of the positions of the mirror
apertures, which tends to increase the scale of the device. If
there is a large difference between the numerical apertures of
interchangeable lenses as interchanged objects, it is neces-
sary to ensure a large adjustable distance for the mirror
apertures, which tends to increase the scale of the device. In
contrast to it, since the optical device for microscopic
observation 4 of the present embodiment is provided with
the support member 11 for insertion/removal of the warm
stop 10 in the directions intersecting with the optical axis of
the microscope optical system 5, there is no need for the
mechanism for fine adjustment nor for ensuring the distance
in the optic-axis direction, which facilitates downsizing of
the device.

[0049] Since the reflective face 15a and the reflective face
1556 are continuously formed from the opening 14 side
toward the outside in the reflective surface 15 of the warm
stop 10, it is feasible to set the device so as to prevent the
imaging element 16 from observing radiant heat from the
part other than the cold stop 13 and to make the reflected
light by the imaging element 16 itself unlikely to be
observed.

[0050] Since the radius of curvature of the reflective face
154 of the warm stop 10 is set to not more than twice the
distance between the imaging element 16 and the warm stop
10, it is feasible to make radiation from the high-temperature
part outside the cold stop 13 unlikely to impinge on the
imaging element 16.

[0051] Furthermore, since the opening 14 of the warm
stop 10 is smaller than the openings 134, 13e of the cold stop
13, even if the microscope optical system 5 on the sample S
side is used as changed over, the background noise in the
detected image can be reduced corresponding to the NA of
the microscope optical system 5.

Second Embodiment

[0052] FIG. 9 is a plan view showing the major part of an
optical device for microscopic observation 24 according to
the second embodiment of the present invention. The optical
device for microscopic observation 24 of the present
embodiment is different in the shape of the reflective surface
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15 of the warm stop 10 from the optical device for micro-
scopic observation 4 according to the first embodiment.

[0053] Specifically, the warm stop 10 of the optical device
for microscopic observation 24 has a reflective face 15¢ of
a planar shape formed along the face including the opening
edge of the opening 14, from the opening edge of the
opening 15 toward the outside. The reflective face 15¢ of this
shape deflects a line of sight S, extending from the imaging
element 16, to a cooled part of either stop member 135 or
13¢ of the cold stop 13. In conjunction therewith, scattered
light and reflected light generated by scattering and reflec-
tion of the beam B, on the imaging area of the imaging
element 16 is reflected by the reflective face 15¢ to the
outside of the imaging element 16, so as not to impinge on
the imaging element 16.

Third Embodiment

[0054] FIG. 10 is a plan view showing the major part of an
optical device for microscopic observation 44 according to
the third embodiment of the present invention. The optical
device for microscopic observation 44 of the present
embodiment is different from the optical device for micro-
scopic observation 4 according to the first embodiment, in
the shape of the reflective surface 15 of the warm stop 10 and
in that the warm stop 10 and the support member 11
supporting it are separated from the vacuum vessel 12
housing the cold stop 13.

[0055] Namely, the warm stop 10 is supported by the
support member 11 so that it can be inserted to or removed
from on the optical axis of the relay lens 9 at a position apart
from the window 12a of the vacuum vessel 12. An optical
system such as a mirror may be placed between the warm
stop 10 and the window 12a and this optical system may be
arranged to change the direction of the beam B2 passing
through the warm stop 10, while the imaging element 16 and
the cold stop 13 are arranged off the optical axis of the relay
lens 9. This can avoid increase in the scale of the optical
device for microscopic observation 44.

[0056] The warm stop 10 of the optical device for micro-
scopic observation 24 has a reflective face 15d of a concave
shape whose inclination relative to the face including the
opening edge of the opening 14, gradually increases from
the opening edge of the opening 14 to the outside. By
adopting the reflective face 15d of the concave shape, it
becomes feasible to readily set the shape to reflect the light
from the cold stop 13 to the imaging element 16. The
reflective face 154 of this shape deflects lines of sight S, S,
and S, extending from the imaging element 16, toward the
cooled part inside the cold stop 13. In conjunction therewith,
scattered light and reflected light generated by scattering and
reflection of the beam B, is reflected to the outside of the
imaging element 16 by the reflective face 154, so as not to
impinge on the imaging element 16.

Fourth Embodiment

[0057] FIG. 11 is a plan view showing the major part of an
optical device for microscopic observation 64 according to
the fourth embodiment of the present invention. The optical
device for microscopic observation 64 of the present
embodiment is different from the optical device for micro-
scopic observation 44 according to the third embodiment, in
that an auxiliary warm stop 70 is provided near the outside
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of the window 12a of the vacuum vessel 12 between the
warm stop 10 and the cold stop 13.

[0058] This auxiliary warm stop 70 is a light shield
member having an approximate disk-like shape and is
arranged along the window 124 of the vacuum vessel 12 so
that its central axis coincides with the optical axis of the
relay lens 9. A circular opening 74 having a diameter
sufficiently larger than the diameter of the beam B2 and
facing the opening of the cold stop 13 is formed in a central
region of the auxiliary warm stop 70. Furthermore, a reflec-
tive face 75 of a planar shape is formed as an outside face
of the opening 74 on the window 124 side of the auxiliary
warm stop 70.

[0059] As equipped with such auxiliary warm stop 70, a
line of sight S; extending from the imaging element 16 to the
outside of the warm stop 10 is deflected to the cooled part
of the cold stop 13 by the reflective face 75 of the auxiliary
warm stop 70. In conjunction therewith, scattered light and
reflected light directed from the imaging area of the imaging
element 16 to the outside of the warm stop 10 is reflected to
the outside of the cold stop 13 by the reflective face 75, so
as not to impinge on the imaging element 16.

[0060] The optical device for microscopic observation 64
of this configuration can prevent the reflected light and
scattered light from the imaging element 16 from again
impinging on the imaging element 16 and can make the light
from the high-temperature part unlikely to impinge on the
imaging element 16 even with decrease in the diameter of
the warm stop 10. As a result, the device can be downsized
and optical design becomes easier.

[0061] The present invention is by no means intended to
be limited to the foregoing embodiments. For example, the
number of warm stops is not limited to a specific number,
but may be increased or decreased according to the number
of objective lenses used as changed over from one to another
on the sample S side. The reflective face 75 formed on the
face outside the opening 74 on the window 124 side of the
auxiliary stop 70 does not have to be limited to the planar
shape, but it may be a concave shape such as a spherical
surface, or a conical surface shape.

[0062] The shape of the reflective face of the warm stop
may be a shape as shown in FIG. 12. A warm stop 110 being
a modification example of the present invention shown in
the same drawing has a reflective face 115 having an arc
cross section along the optical axis of the relay lens 9 and
being rotationally symmetric with respect to the optical axis
of the relay lens 9, which is formed from an opening edge
of'an opening 114 to the outside and on the imaging element
16 side. This reflective face 115 has such a shape that the
center of the arc formed by the reflective face 115 is located
at the edge on the detection plane of the imaging element 16
and that normals to the reflective face 115 extend to the edge
of the imaging element 16 located in the same direction
among directions perpendicular to the optical axis, without
intersecting with the optical axis. However, this reflective
face 115 is not always limited to the shape in which the
center of the arc is located at the edge of the imaging element
16, but it may be a shape in which it is located nearer the
central region from the edge of the imaging element 16. The
warm stop 110 having this reflective face 115 also imple-
ments such setting as to project an image of the cold stop 13
onto the imaging element 16 and not to project an image of
the imaging element 16 itself thereto. Specifically, it can
prevent a part of a signal or noise incident through the
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opening 114 of the warn stop 110 from being specularly
reflected on the surface of the imaging element 16, further
being reflected on the warm stop 110, and thereafter return-
ing to the imaging element 16. In addition, when the normals
at respective points on the reflective face 115 are directed to
the inside as much as possible, it can project an image of the
cold part, i.e., the cold stop 13 onto the imaging element 16.

[0063] The shape of the reflective face of the warm stop
may also be a shape as shown in FIG. 13. A warm stop 210
being a modification example of the present invention
shown in the same drawing has a reflective face 215 having
an arc cross section along the optical axis of the relay lens
9 and being rotationally symmetric with respect to the
optical axis of the relay lens 9, which is formed from an
opening edge of an opening 214 to the outside and on the
imaging element 16 side. This reflective face 215 has such
a shape that the center of the arc formed by the reflective
face 215 is located at the edge on the opposite side on the
detection plane of the imaging element 16 and that normals
to the reflective face 215 extend to the edge of the imaging
element 16 located in the opposite direction among direc-
tions perpendicular to the optical axis, while intersecting
with the optical axis. However, this reflective face 215 is not
always limited to the shape in which the center of the arc is
located at the edge of the imaging element 16, but it may be
a shape in which it is located nearer the central region from
the edge of the imaging element 16. The warm stop 210
having this reflective face 215 also implements such setting
as to project an image of the cold stop 13 onto the imaging
element 16 and not to project an image of the imaging
element 16 itself thereto as the warm stop 110 does.

[0064] The shape of the reflective face of the warm stop
may also be a shape such as a combination of the shapes of
the reflective face 115 and the reflective face 215, as shown
in FIG. 14. The warm stop 310 being a modification example
of the present invention shown in the same drawing has two
reflective faces 3154, 3155 formed from an opening edge of
an opening 314 to the outside and in the named order on the
imaging element 16 side. This reflective face 315a has the
same cross-sectional shape as the reflective face 115 and
such a shape that the center of the arc formed by the
reflective face 3154 is located at the edge on the detection
plane of the imaging element 16. The reflective face 31554
has the same cross-sectional shape as the reflective face 215
and such a shape that the center of the arc formed by the
reflective face 3156 is located at the edge on the opposite
side on the detection plane of the imaging element 16. The
warm stop 310 having this reflective face 315 also imple-
ments such setting as to project an image of the cold stop 13
onto the imaging element 16 and not to project an image of
the imaging element 16 itself thereto as the warm stops 110,
210 do.

[0065] The shape of the reflective face of the warm stop
may also be a shape as shown in FIG. 15. The warm stop 90
being a modification example of the present invention
shown in the same figure has an opening 94 formed with an
inner wall diverging toward the imaging element 16, and a
reflective face 95 is formed on the inner wall of this opening
94. This reflective face 95 has a conical surface shape whose
inclination relative to a face including an opening edge of
the opening 94 is constant, and this inclination and the
thickness of the warm stop 90 (the length of the opening 94)
are set so as to project an image of the cold stop 13 onto the
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imaging element 16 and not to project an image of the
imaging element 16 itself thereto.

[0066] The microscope device 1 may be equipped with a
driving mechanism for driving the support member 11 of the
optical device for microscopic observation 4, 22, 44, or 64,
and a control circuit for controlling the driving mechanism,
and the control circuit may control the driving mechanism so
as to automatically insert or remove the warm stop 10, based
on data of objective lenses registered in advance.

[0067] The microscope device 1 can be applied to targets
of'various objects that emit light of specific wavelength such
as infrared light, e.g., semiconductors, inorganic and organic
substances to emit fluorescence or phosphorescence, etc., as
the sample S of observation target.

[0068] A preferred configuration herein is such that the
second magnification is higher than the first magnification.
In this case, the observation magnification of the object can
be changed over between the low magnification and the high
magnification.

[0069] Another preferred configuration is such that the
support member is configured so that the second opening of
the warm stop can be inserted or removed at the position
proximate to the object-side window of the vacuum vessel.
When the device is equipped with such a support member,
the diameter can be narrowed down in accordance with the
image-side numerical aperture in use of the optical system
with the second magnification.

[0070] Furthermore, another preferred configuration is
such that the support member is configured so that the
second opening of the warm stop can be inserted or removed
at the position corresponding to the pupil position of the
optical system with the second magnification. When the
device is equipped with such a support member, the diameter
can be narrowed down in accordance with the image-side
numerical aperture in use of the optical system with the
second magnification.

[0071] Moreover, another preferred configuration is such
that the reflective surface of the warm stop is formed so as
to project an image of the cold stop onto the imaging
element and so as not to project an image of the imaging
element itself thereto. By this configuration, the reflective
surface provided in the warm stop causes the imaging
element to observe the light from the cold stop but not to
observe the light reflected from the imaging element. This
can reduce both of spot noise and background noise in the
detected image by the imaging element when the object-side
optical system is used as changed over from one to another.
[0072] Furthermore, another preferred configuration is
such that the reflective surface of the warm stop comprises
the first face with the gentle slope relative to the face
including the opening and the second face with the steep
slope relative to the same face continuously formed from the
opening side to the outside. When this configuration is
adopted, the second face allows such setting that the imaging
element does not observe light from the part other than the
cold stop and the first face makes the reflected light by the
imaging element itself unlikely to be observed.

[0073] Still another preferred configuration is such that the
reflective surface is formed in a concave shape at least in
part. In this case, it is feasible to readily set the shape to
reflect the light from the cold stop to the imaging element.
[0074] Furthermore, another preferred configuration is
such that the device further comprises the auxiliary warm
stop provided outside the vacuum vessel between the warm
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stop and the cold stop and being the stop member having the
opening facing the opening of the warm stop and having the
reflective surface formed on the imaging element side. This
configuration can prevent the reflected light from the imag-
ing element from impinging again on the imaging element
and can make the light from the high-temperature part less
likely to impinge on the imaging element even with decrease
in the diameter of the warm stop.

[0075] Moreover, still another preferred configuration is
such that the radius of curvature of the reflective surface of
the warm stop is not more than twice the distance between
the imaging element and the warm stop. When this configu-
ration is adopted, the light from the high-temperature part
outside the cold stop can be made less likely to impinge on
the imaging element.

[0076] Furthermore, another preferred configuration is
such that the reflective surface of the warm stop or the
auxiliary warm stop is formed in a planar shape at least in
part. In this case, the simple shape can prevent the light
reflected by the imaging element itself, from impinging on
the imaging element.

[0077] Another preferred configuration is such that the
reflective surface of the warm stop or the auxiliary warm
stop is formed in a conical surface shape at least in part. In
this case as well, the simple shape can prevent the light
reflected by the imaging element itself, from impinging on
the imaging element.

INDUSTRIAL APPLICABILITY

[0078] The present invention has use application to the
optical devices for microscopic observation provided for
enlarged observation of light from an object and enables
reduction of background noise with use of optical systems of
multiple observation magnifications and easy implementa-
tion of downsizing of the device.

REFERENCE SIGNS LIST

[0079] 3 camera (imaging element); 4, 22, 44, 64 optical
device for microscopic observation; 5 microscope optical
system; 7 macro optical system; 8 micro optical system; 10,
90, 110, 210, 310 warm stop; 11 support member; 13 cold
stop; 13d, 13¢ opening; 14, 114, 214, 314 opening; 15, 154,
1556, 15¢, 154, 115, 215, 315a, 31554 reflective surface or
face; 16 imaging element; 70 auxiliary warm stop; 74
opening; 75 reflective surface.

1-13. (canceled)
14. A microscope system for imaging an image of an
object, comprising:
a detector arranged in a vessel and configured to detect
light from the object;
a microscope optical system comprising:

a first optical system having a lens of a first magnifi-
cation; and

a second optical system having a lens of a second
magnification which is higher than the first magni-
fication;

a support member having a plurality of apertures
including a second aperture having a size that
matches the second optical system and being dis-
posed independently from the microscope optical
system outside the vessel; and
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the vessel having a first aperture on an optical path,

wherein one of the first optical system or the second
optical system is disposed to face the object, the second
aperture is removed at a position proximate to a win-
dow on a side facing the object of the vessel on the
optical path between the microscope optical system and
the detector when the first optical system is disposed to
face to the object, and the second aperture is inserted at
the position on the optical path when the second optical
system is disposed to face to the object.

15. The microscope system according to claim 14, further
comprising a driving mechanism for driving the second
aperture and a control circuit for controlling the driving
mechanism.

16. The microscope system according to claim 14,
wherein the second aperture is configured to be inserted or
removed at a position corresponding to a pupil position of
the second optical system.

17. The microscope system according to claim 14, further
comprising a third aperture disposed outside the vessel.

18. The microscope system according to claim 14,
wherein the detector is a camera configured to detect infra-
red light emitted from a sample.

19. The microscope system according to claim 14,
wherein the object is a semiconductor device.

20. A microscope system for imaging an image of an
object, comprising:

a microscope optical system comprising a first optical
system having a first magnification and a second optical
system having a second magnification which is higher
than the first magnification, and configured to enable a
changeover so as to locate either of the first optical
system and the second optical system to face to the
object;

a detector arranged in a vacuum vessel and configured to
detect light from the object;

a cold stop comprising a first opening corresponding to
the first optical system and arranged in the vacuum
vessel;

a warm stop comprising a second opening corresponding
to the second optical system and a reflective surface
provided on a cold stop side of the warm stop, and
arranged outside the vacuum vessel; and

a support member supporting the warm stop so that the
warm stop can be inserted onto or removed from an
optical path of the light from the object,

wherein the warm stop is removed at a position proximate
to a window on a side facing the object of the vacuum
vessel on the optical path when the first optical system
is located so as to face to the object and the warm stop
is inserted at the position on the optical path when the
second optical system is located so as to face to the
object.

21. A microscopic observation method for imaging an

image of an object using a microscope system comprising a
microscope optical system comprising a first optical system
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having a lens of a first magnification and a second optical
system having a lens of a second magnification which is
higher than the first magnification, support member having
a plurality of apertures including a second aperture having a
size matching the second optical system and being disposed
independently from the microscope optical system outside a
vessel corresponding to the second optical system, a detector
arranged in the vessel, the vessel having a first aperture on
an optical path between the microscope optical system and
the detector, the method comprising:

locating the first optical system to face to the object and

removing the second aperture at a position proximate to
a window on a side facing the object of the vessel on
the optical path of a light from the object between the
microscope optical system and the detector;

by the detector, imaging the light passing through the first

optical system;

locating the second optical system to face to the object

and inserting the second aperture at the position on the
optical path; and

by the detector, imaging the light passing through the

second optical system and the second aperture.
22. The microscopic observation method according to
claim 21, wherein the second aperture is inserted or removed
at a position corresponding to a pupil position of the second
optical system.
23. The microscopic observation method according to
claim 21, wherein the detector is a camera configured to
detect infrared light emitted from a sample.
24. The microscopic observation method according to
claim 21, wherein the object is a semiconductor device.
25. A microscopic observation method for imaging an
image of an object using a microscope system comprising a
microscope optical system comprising a first optical system
having a first magnification and a second optical system
having a second magnification which is higher than the first
magnification, a cold stop comprising a first opening corre-
sponding to the first optical system and arranged in a
vacuum vessel, a warm stop comprising a second opening
corresponding to the second optical system and a reflective
surface provided on a cold stop side of the warm stop and
arranged outside the vacuum vessel, and a detector arranged
in the vacuum vessel, the method comprising:
locating the first optical system so as to face to the object
and removing the warm stop at a position proximate to
a window on a side facing the object of the vacuum
vessel on an optical path of the light from the object;

by the detector, imaging the light passing through the first
optical system and the first opening of the cold stop;

locating the second optical system so as to face to the
object and inserting the warm stop at the position on the
optical path; and

by the detector, imaging the light passing through the

second optical system, the second opening of the warm
stop and the first opening of the cold stop.
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