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MICROSCOPE WITH ILLUMINATING OPTICAL 
SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a microscope for 
magnifying an object, and more particularly, to a microscope 
that is provided with an illuminating optical System for 
illuminating the object. 

0003 2. Description of the Related Art 
0004. A Surgical microscope is used for magnifying 
minute tissueS Such as brain cells during Surgery. 

0005 Since it is difficult to distinguish minute tissues of 
an intricate organ Such as a brain by the naked eye, the 
Surgical microscope is required to proceed Surgery on Such 
an Organ. 

0006 Besides an observing optical system or an image 
taking optical System, the Surgical microscope is frequently 
provided with an illuminating optical System to illuminate 
the object. 

0007. However, the illumination light may be the stray 
light for the observing optical System or the image taking 
optical System when the illumination light leaks out from a 
lens barrel of the illuminating optical System. Particularly, 
when the illuminating optical System includes a variable 
power lens to vary the illuminating region according to a 
Zoom of the observing optical System or the image taking 
optical System, grooves are formed on the lens barrel to 
follow drive pins, the illumination light tend to leak out 
through the grooves. 

0008. On the other hand, the illuminating optical system 
has to include the variable power lens to vary the illumi 
nating region. A two-group Zoom lens that is known as a 
Simple image taking Zoom lens can be used as an illumi 
nating lens. 

0009. However, since the image taking lens has a larger 
number of lens elements to correct aberrations than the 
illuminating lens, in general, an adoption of the image taking 
Zoom lens results high cost and heavy weight. Particularly, 
the illuminating lens should have small F-number at the 
incident Side when it takes divergent light exited from the 
light guide fiber bundle with efficiency, which further 
increases a number of the lens elements. 

SUMMARY OF THE INVENTION 

0010. It is therefore a first object of the present invention 
to provide a microscope, which is able to prevent the 
incidence of the illuminating light into the observing optical 
System or the image taking optical System. 

0.011 The second object of the present invention is to 
provide an illuminating lens, which is able to vary the 
illuminating region without increasing the number of lens 
element. 

0012 For the first object, according to the present inven 
tion, there is provided an improved microScope, which 
includes: 
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0013 a close-up optical system that faces an object, 
one side of each lens included in the close-up optical 
System being cut out; 

0014 at least one imaging optical System that takes 
object light rays passing through a region of the 
close-up optical System, the region being offset from 
the optical axis of the close-up optical System in the 
direction opposite to the cutout Side; 

0015 an illuminating optical system that guides 
illumination light emitted from a light Source to 
illuminate the object; 

0016 a first lens barrel that supports the close-up 
optical System; 

0017 a second lens barrel that supports the illumi 
nating optical System, the Second lens barrel being 
arranged in the cutout Space of the close-up optical 
System inside the first lens barrel; and 

0018 a light shielding member attached to the sec 
ond lens barrel to prevent a leak of the illumination 
light through grooves formed on the Second lens 
barrel. 

0019. With this construction, since an inter-axis distance 
between the close-up optical System and the illuminating 
optical System can be kept Small, the parallax becomes 
Small, which reduces the deviation between the observation 
region and the illuminating region in Spite of the working 
distance. Further, Since the Second lens barrel is covered by 
the light shielding member, the illumination light does not 
enter in the close-up optical System, which prevents the 
problem of the stray light. 
0020. The microscope may be an optical microscope used 
for an observation by the naked eye or a television micro 
Scope that electronically capture the image of the object. 
Further, the microScope may be a monocular type or a 
Stereoscopic type that includes a pair of the imaging optical 
Systems. 

0021. The shape of the cutout line of the close-up optical 
System in a plane View may be Straight or curved. In 
particular case, the cutout portion may be a through hole. 
The cutout Surface may be parallel to the optical axis of the 
close-up optical System or inclined. 
0022. The illuminating optical system may include an 
illuminating lens for projecting illumination light. The illu 
minating lens may consist of a Single lens group or a 
plurality of lens groups. It is preferable that the illuminating 
lens contains a plurality of lens groups that are movable 
along the optical axis direction to change focal length of the 
illuminating lens. 
0023 The first lens barrel may include a fixed ring that is 
fixed to a housing of the microScope, a plurality of guide 
grooves being formed on the circumference of the fixed ring; 
a cam ring that is rotatably connected around the fixed ring, 
a plurality of cam grooves are formed on the circumference 
of the cam ring Such that the cam grooves intersect obliquely 
with the guide grooves, respectively; and a plurality of 
moving lens frames that are inserted in the fixed ring with 
holding the lens groups, respectively. 

0024. In such a case, at least one drive pin is installed on 
each of the moving lens frame to penetrate the interSection 
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between the guide groove and the cam groove, and the light 
Shielding member is attached to the outer Surface of the cam 
ring. 

0.025 The light shielding member may be formed from 
metal or resin. The shape of the member may be a plate, a 
pipe or a sheet. The Shielding member is preferably coated 
by anti-reflection material. 
0026. For the second object, according to the present 
invention, there is provided an improved illuminating lens, 
which includes: a first lens group of a positive refractive 
power, all of lenses included in the first lens group are 
positive lenses, and a Second lens group of a negative 
refractive power that is located at the object Side with respect 
to the first lens group, all of lenses included in the Second 
lens group are negative lenses. 
0027. The first and second lens groups are movable along 
the optical axis direction to change degree of divergence of 
the illumination light projected to the object. 
0028. Since the illuminating lens has a larger allowance 
to the aberrations correction than an image taking lens, the 
above construction achieves Sufficient result. That is, the 
illumination light uniformly illuminates the object through 
the illuminating lens. 

0029 With this construction, the number of lens elements 
can be reduced as compared with the two-group image 
taking Zoom lens. 

0030 The first lens group may include at least two 
positive lenses. More preferably, the first lens group may 
consist of three positive lenses. 
0.031 Since the positive refractive power of the first lens 
group is distributed among a plurality of positive lenses, the 
Spherical aberration can be reduced, keeping uniformity of 
the illuminance distribution with the Small F-number. 

0.032 The second lens group preferably consists of a 
Single negative lens to reduce the Size and weight of the 
illuminating lens. 

BRIEF DESCRIPTION OF DRAWINGS 

0033. The invention will be described below in detail 
with reference to the accompanying drawing, in which: 

0034 FIG. 1 is a schematic view showing an overall 
construction of a Surgery Support System equipped with a 
Video-type Stereoscopic microscope according to a preferred 
embodiment of the present invention; 
0.035 FIG. 2 is a schematic view showing an optical 
construction in the Video-type Stereoscopic microScope; 

0.036 FIG. 3 is a schematic view showing an optical 
construction of a Video-type Stereoscopic viewer; 

0037 FIG. 4 is a plan view of an LCD panel; 
0.038 FIG. 5 is a perspective view showing an outer 
appearance of the Stereoscopic microScope; 

0.039 FIG. 6 is a perspective view showing an overall 
construction of a microScope optical System; 

0040 FIG. 7 is a side view showing an overall construc 
tion of the microScope optical System; 
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0041 FIG. 8 is a front view showing an overall con 
Struction of the microScope optical System; 
0042 FIG. 9 is a plan view showing an overall construc 
tion of the microScope optical System; 
0043 FIG. 10 is a perspective view showing arrange 
ments of lens barrels in a casing of the Stereoscopic micro 
Scope, 

0044 FIG. 11 is a sectional view of a Zoom barrel of the 
illuminating optical system shown in FIG. 10; 
004.5 FIG. 12 is a perspective sectional view of the Zoom 
barrel of the illuminating optical system shown in FIG. 10; 
0046 FIG. 13 is a side view of the Zoom barrel of the 
illuminating optical System; 

0047 FIG. 14 is a perspective view with partial sectional 
portion of the Zoom barrel of the illuminating optical Sys 
tem, 

0048 FIG. 15 is a lens diagram of the illuminating 
optical System at the shortest focal length according to a first 
example, 

0049 FIG. 16 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
first example is used at the Shortest focal length; 
0050 FIG. 17 is a lens diagram of the illuminating 
optical System at the longest focal length according to a first 
example, 

0051 FIG. 18 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
first example is used at the longest focal length; 
0.052 FIG. 19 is a lens diagram of the illuminating 
optical System at the shortest focal length according to a 
Second example; 
0053 FIG. 20 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
Second example is used at the shortest focal length; 
0054 FIG. 21 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
Second example is used at the longest focal length; 
0055 FIG. 22 is a lens diagram of the illuminating 
optical System at the shortest focal length according to a 
third example; 

0056 FIG. 23 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
third example is used at the Shortest focal length; and 
0057 FIG. 24 is a graph showing simulated illuminance 
distribution on the object when the illuminating lens of the 
third example is used at the longest focal length. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0058. The preferred embodiments of the present inven 
tion will now be described in detail below with reference to 
the accompanying drawings. 

0059) A video-type stereoscopic microscope (hereafter 
referred to as “stereoscopic microscope” for simplicity) 
according to the present embodiment is incorporated in a 
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Surgical operation Supporting System that is used in cerebral 
Surgical operations, for example. In this Surgical operation 
Supporting System, the three-dimensional image (StereoVi 
Sion image) of a tissue of a patient, which is taken by a 
Stereoscopic microscope, is combined with CG (Computer 
Graphic) images, which is created from data about a dis 
eased part in the tissue, in advance. The combined image is 
displayed on a Stereoscopic viewer for a lead Surgeon and on 
monitors for other Staffs, and Simultaneously recorded by a 
recording device. 
0060. The Overall Configuration of the Surgical Opera 
tion Supporting System 
0061 FIG. 1 schematically shows an arrangement of the 
Surgical operation Supporting System. AS shown in this 
figure, the Surgical operation Supporting System is composed 
of a stereoscopic microscope 101, a high definition CCD 
camera 102 attached on the upper end of the back surface of 
the Stereoscopic microscope 101, a microScope position 
measurement device 103 attached on the lower end of the 
back Surface of the Stereoscopic microScope 101, a counter 
weight 104 attached on the top of the stereoscopic micro 
scope 101, a light guide fiber bundle 105 inserted into the 
interior of the Stereoscopic microscope 101 through a center 
hole made in the counter weight 104, a light source 106 
emitting illumination light to be introduced into Stereoscopic 
microscope 101 through the light guide fiber bundle 105, a 
Surgical operation planning computer 108 having a disk 
device 107, a real-time CG creation device 109 connected to 
the microScope position measurement device 103 and to the 
Surgical operation planning computer 108, an image com 
posite device 110 connected to this real-time CG creation 
device 109 and the high definition CCD camera 102, a 
divider 111 connected to the image composite device 110, an 
image recording device 115, and a monitor 114 and a 
stereoscopic viewer 113 which are connected to the divider 
111. 

0062) The disk device 107 stores image data, such as CT 
Scan image data, MRI image data, SPECT image data, blood 
flow field image data, that have been obtained through 
various detecting process with respect to a diseased part of 
a patient P. The disc device 107 also stores three-dimen 
Sional graphic data of the diseased part and its Surrounding 
tissues, which have been created based on the various kinds 
of image data in advance. The three-dimensional graphic 
data represents shape, Size and position of the diseased part 
and its Surrounding tissues in a three-dimensional local 
coordinate System that is defined with a predetermined 
reference point Set on the Outer skin or Surface of internal 
tissueS of the patient as origin, in accordance with Vector 
format or map format. 
0.063. The stereoscopic microscope 101 has a mount on 

its back surface and is detachably fixed to the distal end of 
a free arm 100a of a first stand 100 through the mount. Thus, 
the stereoscopic microscope 101 can be moved within the 
space where the free arm 100a of the first stand 100 can 
reach, and can also be inclined in an arbitrary direction. 
Hereinafter, the object Side (that is, patient Side) relative to 
the stereoscopic microscope 101 will be defined as “low”, 
and the opposite Side as “high”, So that understanding 
thereof may be easy. 
0064. Since the optical configuration in this stereoscopic 
microscope 101 will be explained in detail later, only its 
schematics thereof will be explained here. 
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0065. As shown in FIG. 2, primary images of an object 
are formed as aerial images at respective positions of right 
and left field stops 270, 271 through an object optical 
Systems including a large-diameter close-up optical System 
210 having a Single optical axis and a pair of right and left 
Zoom optical systems 220, 230, which respectively focus 
light rays that have passed through different portions of the 
close-up optical System 210. A pair of right and left relay 
optical systems 240, 250 relay the right and left primary 
images to from right and left Secondary images on the right 
and left image taking regions in an image taking Surface of 
a CCD 116 mounted in the high definition CCD camera 102, 
respectively. Each of the image taking regions has a vertical 
to horizontal aspect ratio of 9:8, while the image taking 
surface of the CCD 116 has a “high definition' size of which 
aspect ratio of vertical to horizontal is 9:16. 
0066. The close-up optical system 210, the right Zoom 
optical system 220, and the right relay optical system 240 
together constitute a right image taking optical System. The 
close-up optical System 210, the left Zoom optical System 
230, and the left relay optical system 250 together constitute 
the left image taking optical System. The close-up optical 
System 210 is common to the right and left image taking 
optical Systems. The right and left Zoom optical Systems 220, 
230 and the right and left relay optical systems 240,250 are 
arranged with a predetermined base length therebetween. 
0067. The images which are thus formed on the right and 
left image taking regions of the image taking Surface of the 
CCD 116 through the pair of image taking optical Systems 
are equivalent to stereoVision images including a pair of 
images taken from two locations which are separated from 
each other by the predetermined base length, which are 
arranged side by side. An output signal from this CCD 116 
is converted to a high definition Video signal by the image 
processor 117, and is outputted from the high definition 
CCD camera 102 to the image composite device 110. 
0068 The stereoscopic microscope 101 contains an illu 
minating optical system 300 (see FIG. 6) for illuminating 
the object that is located in the vicinity of the focal point of 
the close-up optical System 210. Illuminating light from the 
light Source 106 is introduced into this illuminating optical 
system 300 via the light guide fiber bundle 105. 
0069. Returning to FIG. 1, the microscope positioning 
measurement device 103 measures the distance to the object 
that exists on the optical axis of the close-up optical System 
210, the three-dimensional orientation of the optical axis of 
the close-up optical System 210, and the position of the 
above-mentioned reference point. The microscope position 
ing measurement device 103 then calculates the position of 
the object in the above-mentioned local coordinate System 
based upon these measurements. The information about the 
orientation of the optical axis and the position of the object 
is sent to the real-time CG creation device 109. 

0070 This real-time CG creation device 109 creates 
real-time CG images, Such as wire frame images, of a 
diseased part Such as a tumor based on the information about 
the orientation of the optical axis and the position of the 
object which are Sent from the microScope position mea 
Surement device 103, and based on the three-dimensional 
data down-loaded from the operation planning computer 
108. These CG images are so created that they are equivalent 
to the Stereoscopic imageS as viewed along the optical axis 
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direction with the same base length and the same distance as 
those of the optical System of the Stereoscopic microscope 
101. The real-time CG creation device 109 outputs CG 
image signals representing the created CG images to the 
image composite device 110, one after another. 
0071. This image composite device 110 Superimposes the 
CG image signals obtained by the real-time CG creation 
device 109 onto the high definition video signal of the actual 
object, which is inputted from the high definition CCD 
camera 102, with appropriately adjusting its Scale. In the 
image represented by the high definition video signal Super 
imposed with the CG image Signal, the shape, Size and the 
position of the diseased part are indicated as CG images 
(Such as wire frame images) on the real image thereof. The 
thus Superimposed high definition video Signals are divided 
by the divider 111, and are Supplied to the Stereoscopic 
viewer 113 for a lead surgeon D, to the monitor 114 for other 
Surgical Staffs or an advisor at a remote location, and to the 
recording device 115, respectively. 
0.072 The stereoscopic viewer 113 is attached to the 
distal end of a free arm 112a of a second stand 112 in the 
downward direction, So that the Stereoscopic viewer 113 can 
be Suitably positioned in accordance with a posture of the 
lead Surgeon D that facilitates his/her operations. The Sche 
matic structure of this stereoscopic viewer 113 is shown in 
FIG 3. 

0073. As shown in the FIG. 3, the stereoscopic viewer 
113 contains a high-definition-sized LCD panel 120 having 
an aspect ratio of 9:16 as a monitor. When the high definition 
video signal from the divider 111 is inputted into the LCD 
panel 120, as shown in the plan view of FIG. 4, the left half 
120b of the LCD panel 120 displays the image taken by the 
left image taking region of CCD 116, and the right half 120a 
thereof displays the image taken by the right image taking 
region of CCD 116. A boundary 120c of these right and left 
images may be shifted or tilted depending upon adjustment 
of field stops 270, 271, which will be explained later. 
0.074 The light paths in the stereoscopic viewer 113 are 
divided into the right and the left by a partition 121, which 
is installed along a direction perpendicular to the LCD panel 
120 at the boundary 120c which emerges when the field 
stops 270, 271 are properly adjusted. At each side of the 
partition 121, a wedge prism 119 and an eyepiece 118 are 
disposed in that order from the side of LCD panel 120. The 
eyepiece 118 forms a magnified virtual image of the image 
displayed on the LCD panel 120 at a position that is located 
1 m (-1 diopter) in front of observing eyes I. The wedge 
prism 119 adjusts the direction of the light such that the 
angle of convergence of the observing eyes I may corre 
spond to that in case of observing an object placed 1 m in 
front of the eye I naked, thereby enabling natural three 
dimensional observation. 

0075 AS described above, the images obtained by the 
Stereoscopic microscope 101 are Superimposed with CG 
image Such as a wire frame, which is created based upon 
images taken by various image-taking devices in advance, in 
order to show the shape, size, and the position of the 
diseased part. The Superimposed images are viewed as 
three-dimensional images through the Stereoscopic viewer 
113 and displayed by the monitor 114. Accordingly, the lead 
Surgeon D and other Surgical Staffs who are observing these 
images can easily identify the diseased part, which would be 
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difficult to be identified with actual images only. Thus, the 
Surgical operations can be conducted in a fast and accurate 

C. 

0076. The Configuration of the Stereoscopic Microscope 

0077. The structure of the above-mentioned stereoscopic 
microscope 101 (including the high definition CCD camera 
102) is explained in more detail. As shown in FIG. 5, this 
Stereoscopic microScope 101 has a shape of Substantially 
polygonal column. The back Surface of the Stereoscopic 
microscope 101 is flat and is attached with the high defini 
tion CCD camera 102, and the front surface (that is, the 
opposite side of the back Surface) has chamfered edges on 
both sides. At the center of the top Surface, a circular receSS 
101a is formed. At the center of the recess 101a, an insertion 
opening (not illustrated) is bored so as to be inserted with a 
guide pipe 122, which is a cylindrical member fixedly 
covering the distal end of the light guide fiber bundle 105. 
Here, an annular-shaped member (that is, fiber guide inser 
tion part) 123 attached to the insertion opening is a chuck for 
fixing the guide pipe 122 inserted into the insertion opening. 
0078) Optical Configuration 

0079 Next, the optical configuration of the stereoscopic 
microscope 101 will be explained with reference to FIGS. 6 
to 9. FIG. 6 is a perspective view of an overall structure of 
the microscopic optical system; FIG. 7 is a side view; FIG. 
8 is a front view; and FIG. 9 is a plan view of the 
microscopic optical System. 

0080. As shown in FIG. 6, the microscopic optical sys 
tem includes an image taking optical System (a pair of right 
and left image taking optical Systems) 200 for electrically 
taking an image of an object, and an illuminating optical 
system 300 for illuminating the object with illuminating 
light guided from the light source 106 through the light 
guide fiber bundle 105. 

0081. The image taking optical system 200 includes an 
objective optical System, which includes a common close-up 
optical System 210 and a pair of right and left Zoom optical 
systems 220, 230, for forming the primary images of the 
object; a pair of right and left relay optical systems 240,250 
for forming the Secondary images by relaying the primary 
images, and an inter-axis distance reducing prism 260 as an 
inter-axis distance reducing element that brings the object 
light rays from the relay optical systems 240, 250 close to 
each other. 

0082 Also, at the positions where the primary images are 
formed by the Zoom optical systems 220, 230, field stops 
270, 271 are respectively disposed. In the relay optical 
systems 240,250, pentagonal prisms 272,273 are placed as 
optical path deflecting elements for deflecting the respective 
light paths at the right angle. 

0083. According to this construction, right and left 
images with a predetermined parallax can be formed on 
adjacent two regions of the CCD 116 installed in the CCD 
camera 102. Here, in the following explanations of optical 
Systems, a "horizontal direction' is the direction that coin 
cides with the longitudinal direction of the image taking 
surface of the CCD 116 when images are projected thereon, 
and a “vertical direction' is the direction that is perpendicu 
lar to the horizontal direction relative to the CCD 116. 
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0084. Each of the optical systems will be explained 
hereinafter. 

0085. As shown in FIGS. 6, 7 and 8, the close-up optical 
system 210 includes a first lens 211 of a negative refractive 
power, and a Second lens 212 of a positive refractive power 
arranged in that order from the object Side. The Second lens 
212 moves along the optical axis direction for focusing in 
accordance with the object distance. 
0.086 That is, since the second lens 212 is adjusted so that 
an object is placed at the object-side focal point of the 
close-up optical System 210, the close-up optical System 210 
behaves like a collimator lens to convert divergent light from 
the object into Substantially parallel light. 
0087. The plane shape of each of the first and second 
lenses 211, 212 of the close-up optical system 210, as 
viewed from the Zoom optical systems 220 and 230, is a 
Semicircular shape in which one side is cut out (D-cut) The 
illuminating optical system 300 is disposed at the cutout 
portions. 

0088 A pair of Zoom optical systems 220, 230 focus 
afocal object light from the close-up optical System 210 at 
the positions of the field stops 270, 271, respectively. 
0089. As shown in FIGS. 6 to 8, the right Zoom optical 
system 220 includes first through fourth lens groups 221, 
222, 223 and 224 of positive, negative, negative and positive 
refractive powers, respectively, in that order from the Side of 
the close-up optical system 210. The first and fourth lens 
groupS 221, 224 are fixed, and the Second and third lens 
groupS 222, 223 move for Zooming along the optical axis 
direction. The Second lens group 222 moves mainly to 
change the magnification, and the third lens group 223 
moves to maintain the focal position. 
0090. Like the right Zoom optical system 220, the left 
Zoom optical system 230 includes the first through fourth 
lens groups 231, 232,233, and 234. The right and left Zoom 
optical systems 220, 230 are interlocked by a driving mecha 
nism (not shown in the figures), whereby the magnifications 
of the right and left images can be changed simultaneously. 
0.091 The optical axes AX2, AX3 of the Zoom optical 
systems 220, 230 are in parallel with the optical axis AX1 of 
the close-up optical System 210. A first plane that includes 
these optical axes AX2, AX3 of the Zoom optical Systems 
220, 230 is offset from a second plane, which is parallel to 
the first plane and includes the optical axis of the close-up 
optical System 210, by a distance A at the opposite side of 
the D-cut portion. 
0092. The diameter of the close-up optical system 210 is 
Set to be larger than the diameter of a circle that includes the 
maximum effective diameters of the Zoom optical Systems 
220, 230 and the maximum effective diameter of the illu 
minating optical system 300. As described above, since the 
optical axes AX2, AX3 of the Zoom optical systems 220, 230 
are positioned oppositely to the D-cut portion with respect to 
the optical axis Ax1, the illuminating optical system 300 can 
be placed inside of a circular region defined by the diameter 
of the close-up optical System 210, thereby enabling a 
compact overall construction. 
0093. Furthermore, the separate construction between the 
close-up optical System 210 and the pair of right and left 
Zoom optical systems 220, 230 enables to simplify the 
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adjusting mechanism and the optical design while keeping a 
long working distance (the distance from the object to the 
nearest Surface of the close-up optical System 210) and a 
high Zoom ratio. Namely, Since the close-up optical System 
210 is shared between the right and left images, the move 
ment of the Single lens adjusts the focuses of the right and 
left images, which simplifies the focus adjusting mechanism. 
Further, the close-up optical system 210 only collimates the 
object light and each of the right and left Zoom optical 
systems 220, 230 only forms the primary image when the 
parallel light is incident thereon, which simplifies the lens 
design of each of the optical Systems. Since the four-group 
Zoom lens has a high Zoom ratio while keeping a constant 
entire length, it is preferable to be used as an intermediate 
optical System among the plurality of optical Systems. 
0094) The field stops 270, 271 are disposed on design 
positions at which the primary images are to be formed by 
the Zoom optical systems 220, 230 having designed perfor 
mance. As shown in FIG. 6, each of the field stops 270,271 
has a circular outline Shape, and have a Semi-circular aper 
ture concentric with circular outline on the inner Side in the 
horizontal direction. The field stops 270, 271 are disposed 
Such that the Straight edges of these apertures coincide with 
the Vertical direction corresponding to the boarder line of the 
right and left images on the CCD 116, and such that only the 
inner parts of light flux can be transmitted. 
0095 The microscope according to the present embodi 
ment needs to avoid overlapping of the right and left images 
on the CCD 116 in order to form the right and left secondary 
images on adjacent regions of the single CCD 116. There 
fore, the field stops 270,271 are placed at the position of the 
respective primary imageS. The Straight-line edge of the 
Semi-circular shaped aperture of each of those field stops 
270, 271 functions as a knife-edge, so that only light rays 
traveling inside the edge can pass through the field Stop 
270,271. The primary images formed on the field stops 270, 
271 are re-imaged through the right and left relay optical 
systems 240, 250 as secondary images. The resultant sec 
ondary images are reversed in the horizontal direction and in 
the vertical direction with respect to the primary images. 
Thus, the knife edges defining the outside edges in the 
horizontal direction at the positions of the primary images 
define the inside edges in the horizontal directions at the 
positions of the Secondary images, which clearly defines the 
boundary of the right and left images. 
0096) The relay optical systems 240, 250 includes three 
lens groups of positive refractive powers, respectively. AS 
shown in FIGS. 6 and 7, the right relay optical system 240 
includes a first lens group 241 composed of a Single positive 
meniscus lens, a Second lens group 242 having a positive 
refractive power as a whole, and a third lens group 243 
composed of a Single biconvex lens. The object Side focal 
point of the combination of the first and Second lens groups 
241 and 242 is coincident with the image forming plane of 
the primary image formed by the Zoom optical System 220. 
That is the same position as the field stop 271. The third lens 
group 243 converges parallel light transmitted from the 
Second lens group 242 onto the image taking Surface of the 
CCD 116. Between the first lens group 241 and the second 
lens group 242, the pentagonal prism 272 is disposed for 
deflecting the light path at the right angle. Between the 
Second lens group 242 and the third lens group 243, an 
aperture Stop 244 is installed for adjusting the light amount. 



US 2002/011.8450 A1 

0097. Like the right relay optical system 240, the left 
relay optical system 250 includes the first, second and third 
lens groups 251, 252 and 253. The pentagonal prism 273 is 
disposed between the first lens group 251 and the second 
lens group 252, and an aperture Stop 254 is installed between 
the second lens group 252 and the third lens group 253. 
0098. The divergent light that has passed through the 
field stops 270, 271 is converted to substantially parallel 
light through the first lens groups 241, 251 and the second 
lens groups 242, 252 of the relay optical Systems. After 
passing through the aperture StopS 244, 254, the light rays 
are re-converged through the third lens groups 243, 253 to 
form the Secondary images. 
0099 Since the pentagonal prisms 272,273 are disposed 
inside the relay optical systems 240,250, the total length of 
the image taking optical System 200 along the optical axis 
AX1 of the close-up optical system 210 can be shortened. 
Further, if a mirror is used as the optical path deflecting 
element, a Setting angle error of the mirror largely deviates 
the direction of the reflected light. On the other hand, the 
pentagonal prism keeps the direction of the reflected light 
when it rotates around an axis that is perpendicular to a plane 
including the optical axis of the Zoom optical System before 
and after the deflection by the pentagonal prism. 
0100 Further, the second lens groups 243, 252 and the 
third lens groups 243, 253 in the relay optical systems 240, 
250 are adjustable in the direction of the optical axis and in 
the direction perpendicular to the optical axis. When the 
second and third lens groups 242,252,243,253 move along 
the optical axis direction, the resultant focal lengths of the 
first and Second lens groups vary, which changes the mag 
nification (the image height of the Secondary images) of the 
relay optical systems 240,250. Furthermore, adjustments of 
the third lens groups 243, 253 along the optical axis direc 
tion change the position of the Secondary images along the 
optical axis direction, which enables the focus adjustment 
with respect to the CCD 116. In addition, when the second 
lens groups 242, 252 and the third lens groups 253,253 are 
adjusted as a unit in a direction perpendicular to the optical 
axis, the positions of the Secondary images are adjusted in a 
plane perpendicular to the optical axis. 
0101 For such adjustments, the second lens group 242 
and the third lens group 243 in the right relay optical System 
240 are held in a unitary outer lens barrel, and the third lens 
group 243 is further held in an inner lens barrel, which is 
movable relative to the outer lens barrel in the direction of 
the optical axis. In the same manner, the Second lens group 
252 and the third lens group 253 in the left relay optical 
system 250 are held in an outer lens barrel and the third lens 
group 253 is further held in an inner lens barrel. 
0102 Since the second lens groups 242,252 and the third 
lens groups 243,253 are movable in this matter for enabling 
various adjustments, if the pentagonal prisms 272,273 were 
placed between these lens groups, the adjustment mecha 
nism would become more complex. Therefore, it is prefer 
able to place the pentagonal prisms 272, 273 between the 
field stops 270, 271 and the second lens groups 242, 252. 
Moreover, Since the degree of divergence of the object light 
is reduced by the first lens groups 241, 251, the pentagonal 
prisms 272,273 are preferably placed between the first lens 
groups 241, 251 and the second lens groups 242, 252 in 
order to make the effective diameter of the pentagonal 
prisms Smaller. 
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0103) The inter-axis distance reducing prism 260 is dis 
posed between the relay optical systems 240, 250 and the 
CCD camera 102 to reduce the distance between the right 
and left object light rays from the respective relay optical 
systems 240,250. To attain real stereoscopic feeling by the 
Stereoscopic observation, it is necessary to have a predeter 
mined base length between the right and left Zoom optical 
systems 220, 230 and between the right and left relay optical 
systems 240, 250. On the other hand, to form secondary 
images on the adjacent regions on the CCD 116, it is 
necessary to shorten the distance between the optical axes 
than the base length. The inter-axis distance reducing prism 
260 brings the optical axes of the relay optical Systems close 
to each other, which enables to form Secondary images on 
the same CCD 116 while keeping the predetermined base 
length. 

0104. As shown in FIGS. 6 and 9, the inter-axis distance 
reducing prism 260 includes a pair of optical axis shifting 
prisms 261, 262 having shapes of the pentagonal columns, 
which are symmetric to each other. The prisms 261,262 are 
arranged in a right and left Symmetric configuration with a 
spacing of about 0.1 mm therebetween. 

0105. As shown in FIG. 9, each of the optical axis 
shifting prisms 261, 262 has incident and exit Surfaces that 
are parallel to each other, and has first and Second reflecting 
Surfaces in the respective outer Side and inner Side, which 
are also parallel to each other. Viewed in the direction 
parallel to the incident and exit Surfaces and reflecting 
Surfaces, these optical axis shifting prisms 261, 262 have a 
pentagonal shape formed by cutting out an acute-angle 
corner of a parallelogram with a line perpendicular to the 
exit Surface. The optical axis shifting prisms 261,262 may 
be replaced by a pair of Separated mirrors. Nevertheless, the 
prism having two internal reflecting Surfaces is used in the 
embodiment, So that the positional relationship between the 
two reflecting Surfaces is fixed, which eases the adjustment 
as compared with a use of a pair of Separated mirrors. 
0106 The object lights from the relay optical systems 
240,250 are incident on the incident surfaces of the respec 
tive optical axis shifting prisms 261,262, internally reflected 
by the outer reflecting Surfaces So as to be directed in 
right-to-left direction; internally reflected by the inner 
reflecting Surfaces So as to be directed to the optical axis 
directions that are the same as the incident direction; and are 
exited from the exit Surfaces so as to be incident on the CCD 
camera 102. As a result, the distance between the right and 
left object light rays is narrowed without altering the trav 
eling directions, and the Secondary images are formed on the 
single CCD 116. 

0107 The illuminating optical system 300 has the func 
tion of projecting illumination light onto the object, and, as 
shown in FIG. 6 and FIG. 7, includes an illuminating lens 
310 for adjusting the degree of divergence of divergent light 
emitted from the light guide fiber bundle 105 and a wedge 
prism 320 for deflecting the illumination light to coincide 
the illuminating region with the image taking region. AS 
shown in FIG. 7, the optical axis AX4 of the illuminating 
lens 310 is parallel to the optical axis AX1 of the close-up 
optical system 210, and is offset from the optical axis Ax1 
by a predetermined amount. Therefore, if the wedge prism 
320 is not disposed, the center of the illuminating region 
would not coincide with the center of the image taking 
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51e, and the lead angle of the first cam groove 52a is smaller 
than that of the second cam grooves 52b. 
0.125. Accordingly, when the cam ring 52 is rotated 
relative to the fixed ring 51, the respective drive pins 58, 59 
move in the axial direction. As a result, the first moving lens 
frame 53 and the second moving lens frame 54 are drawn by 
the respective driving pins 58, 59 and are moved inside the 
fixed ring 51 in the axial direction. 
0126 Here, at the periphery of each drive pin 58 and 59, 
a roller is installed to reduce a slide friction with respect to 
each groove 51d, 52a, 51e and 52b. Also, the outer end face 
of the respective drive pins 58, 59 are positioned inside the 
outer circumferential Surface of the cam ring 52. 
0127. According to the construction described above, the 
illumination light may leak from the Zoom lens barrel 5 
through the respective interSections between the guide 
grooves 51d, 51e and the cam grooves 52a, 52b. Although 
black ink coatings are applied to the cut-off Surfaces 211a 
and 212a (see FIG. 7), the illumination light will be stray 
light to the close-up optical System 210 if no impediments 
are located between the close-up optical System 210 and the 
illuminating optical system 300. 
0128. To prevent Such a light leakage, a light Shielding 
sheet 60 is adhered to the substantially overall region of the 
outer Surface of the cam ring 52 except for the cam gear 56. 
The light shielding sheet 60 is an anti-reflection material, 
which is a black PET (polyethylene terephthalate) sheet 
having a thickness of about 50 um with a minute uniform 
resin (Satin coating) coated on the Surface thereof. As the 
light shielding sheet 60, “SOMABLACK NR” (trade name) 
manufactured by Somar Corporation can be used, for 
example. The light shielding sheet 60 is affixed to the outer 
Surface of the cam ring 52 with an acrylic adhesion layer 
coated on the back Surface of the sheet. 

0129. The cam gear 56 fixed to the upper end of the cam 
ring 52 is engaged with the ring gear 4b of the Zoom lens 
barrel 4 of one Zoom optical system 220 shown in FIG. 10. 
Accordingly, when the Zoom lens barrels 4 of the respective 
Zoom optical systems 220, 230 are rotated by the motor 2 to 
Zoom the Zoom optical systems 220, 230, the cam ring 52 of 
the Zoom lens barrel 5 is rotated. As a result, the moving lens 
frames 53, 54 are driven in the axial direction, which 
changes the focal length of the illuminating lens 310, 
varying degree of divergence of the illumination light. 
0130 Since the illumination light passing through the 
interior of the Zoom lens barrel 5 is shielded by the light 
shielding sheet 60, the illuminating light will not enter the 
interior of the close-up optical System 210 as Stray light. 
Furthermore, the anti-reflection coating applied on the light 
shielding sheet 60 prevents the light from the close-up 
optical system 210 from reflection back to the close-up 
optical System 210 as Stray light. 
0131 Three concrete examples of the illuminating opti 
cal system 300 will be described hereinafter. 

FIRST EXAMPLE 

0132 FIG. 15 shows the illuminating optical system 300 
of the first example at the shortest focal length, and FIG. 16 
is a graph showing Simulated illuminance distribution on the 
object at a distance 400 mm from the exit surface of the 
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prism 320 when the illuminating optical system of the first 
example is used at the longest focal length. Further, FIG. 17 
shows is the illuminating optical system 300 of the first 
example at the longest focal length, and FIG. 18 is a graph 
showing the Similar simulated illuminance distribution when 
the illuminating optical System of the first example is used 
at the shortest focal length. 

0133. The illuminating lens 310 of the first example 
consists of the first lens group 311 including three positive 
lenses, an aperture Stop S, and the Second lens group 312 that 
only includes a single negative lens, arranged in that order 
from the exit surface 105b of the light guide fiber bundle 
105. The first lens group 311 includes a positive meniscus 
first lens, a positive meniscus Second lens and a biconvex 
third lens. The negative lens of the Second lens group 312 is 
a biconcave fourth lens. 

0134) The first and second lens groups 311 and 312 are 
movable along the optical axis direction to change the 
divergent degree of the illumination light. Since the positive 
refractive power of the first lens group 311 is distributed 
among the three lenses, the Spherical aberration can be 
reduced, keeping uniformity of the illuminance distribution 
with the Small F-number. 

0.135 The numerical construction of the illuminating lens 
of the first example is described in TABLE 1. In TABLE 1, 
r (unit: mm) denotes a radius of curvature of a Surface, d 
(unit: mm) denotes a distance between the Surfaces along the 
optical axis, ne denotes a refractive index at a wavelength 
546 nm and n denotes an Abbe's number of which center 
wavelength is 546 nm. 

0.136 The Surface number 0 represents the exit surface 
105b, the surface numbers 1 through 6 represent the first lens 
group 311, S represents the aperture Stop, the Surface num 
bers 7 and 8 represent the second lens group 312 and the 
surface numbers 9 and 10 represent the wedge prism 320. 

0.137 The values that vary with respect to the Zooming 
are shown in TABLE 2. In TABLE 2, f denotes a focal length 
(unit: mm), Fno denotes F-number, d0 denotes a distance 
between the exit surface 105b of the light guide fiber bundle 
105 and the first surface (surface No. 1), ds denotes a 
distance between the aperture Stop S and the Seventh Surface 
(surface No. 7) and d8 denotes a distance between the eighth 
surface (surface No. 8) and the ninth surface (surface No. 9). 

TABLE 1. 

Surface 
Number d Ile We 

O ce variable 
1. -21.599 8.720 1.77621 49.3 
2 -18.OOO O.2OO 
3 -79.392 5.190 1.77621 49.3 
4 -33.OOO O.2OO 
5 91.368 4.390 1.77621 49.3 
6 -116.725 O.2OO 
S ce variable 
7 -32.300 3.430 1.51825 63.9 
8 189.OOO variable 
9 ce 2.OOO 1.51825 63.9 
1O ce 4OO.OOO 
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0138) 

TABLE 2 

f 11.0 3O.O 
Fino 1.1 1.4 
dO 15.720 23.277 
ds 70.813 6.128 
d8 5.288 62.415 

0.139. In the first example, when the focal length f has the 
shortest value 11.0 mm, the distance between the first and 
second lens groups 311, 312 is maximized as shown in FIG. 
15, the divergent rays exited from one point on the exit 
surface 105b are converted into parallel rays through the 
illuminating lens 310. Therefore, the divergent rays exited 
from the most outer portion of the exit surface 105b are 
converted into parallel rays that have the maximum angle 
with respect to the optical axis AX4 of the illuminating lens 
310, and that angle equals the maximum spread angle of the 
entire illumination light beam. When the diameter of the 
light guide fiber bundle 105 is 4 mm, the maximum spread 
angle becomes 10.5 degrees, the diameter of the illuminating 
region is 165 mm on the object at a distance 400 mm from 
the exit surface of the prism 320 (see FIG. 16). The 
illuminating region is defined as a region in which the 
illuminance exceeds a half of the peak illuminance. 

0140. On the other hand, when the focal length f has the 
longest value 30.0 mm, the distance between the first and 
second lens groups 311, 312 is minimized as shown in FIG. 
17, the maximum spread angle becomes 3.9 degrees, the 
diameter of the illuminating region is 60 mm on the object 
at a distance 400 mm from the exit surface of the prism 320 
(see FIG. 18). 

SECOND EXAMPLE 

0141 FIG. 19 shows the illuminating optical system 300 
of the second example at the shortest focal length, and FIG. 
20 is a graph showing Simulated illuminance distribution on 
the object at a distance 400 mm from the exit surface of the 
prism 320 when the illuminating optical system of the 
Second example is used at the shortest focal length. Further, 
FIG. 21 is a graph showing the similar simulated illumi 
nance distribution when the illuminating optical system 300 
of the Second example is used at the longest focal length. 

0142. The illuminating lens 310 of the second example 
consists of the first lens group 311 including two positive 
lenses, an aperture Stop S, and the Second lens group 312 that 
only includes a single negative lens, arranged in that order 
from the light incident Side. 

0143. The numerical construction of the illuminating lens 
of the second example is described in TABLE 3. In TABLE 
3, the surface number 0 represents the exit surface 105b, the 
Surface numbers 1 through 4 represent the first lens group 
311, S represents the aperture Stop, the Surface numbers 5 
and 6 represent the Second lens group 312 and the Surface 
numbers 7 and 8 represent the wedge prism 320. The values 
that vary with respect to the Zooming are shown in TABLE 
4. 
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TABLE 3 

Surface 
Number d Ile We 

O ce variable 
1. -26.383 8.720 188814 40.5 
2 -18.289 O.2OO 
3 120.279 4.470 188814 40.5 
4 -55.132 O.2OO 
S ce variable 
5 -26.875 3.OOO 1.69979 55.3 
6 -81.509 variable 
7 ce 2.OOO 1.51825 63.9 
8 ce 4OO.OOO 

0144) 

TABLE 4 

f 11.0 3O.O 
Fino 1.1 1.3 
dO 17.152 23.876 
ds 75.765 5.150 
d6 S.OOO 68.891 

0145. In the second example, when the focal length f has 
the shortest value 11.0 mm, the illuminating region is 
maximized, and when the focal length f has the longest value 
30.0 mm, the illuminating region is minimized. The maxi 
mum and minimum diameters of the illuminating region are 
the same as the first example (see FIGS. 20 and 21). 

THIRD EXAMPLE 

0146 FIG.22 shows the illuminating optical system 300 
of the third example at the shortest focal length, and FIG. 23 
is a graph showing Simulated illuminance distribution on the 
object at a distance 400 mm from the exit surface of the 
prism 320 when the illuminating optical system of the 
Second example is used at the shortest focal length. Further, 
FIG. 24 is a graph showing the similar simulated illumi 
nance distribution when the illuminating optical system 300 
of the third example is used at the longest focal length. 
0147 The illuminating lens 310 of the third example 
consists of the first lens group 311 including three positive 
lenses, an aperture Stop S, and the Second lens group 312 
including two negative lenses, arranged in that order from 
the light incident Side. 
0.148. The numerical construction of the illuminating lens 
of the third example is described in TABLE5. In TABLE 5, 
the surface number 0 represents the exit surface 105b, the 
Surface numbers 1 through 6 represent the first lens group 
311, S represents the aperture Stop, the Surface numbers 7 
through 10 represent the Second lens group 312 and the 
surface numbers 11 and 12 represent the wedge prism 320. 
The values that vary with respect to the Zooming are shown 
in TABLE 6. 

TABLE 5 

Surface 
Number d Ile We 

O ce variable 
1. -19.483 8.720 1.77621 49.3 
2 -17.476 O.2OO 
3 -90.440 4.460 1.77621 49.3 
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TABLE 5-continued 

Surface 
Number d Ile We 

4 -33.210 O.2OO 
5 86.538 3.93O 1.77621 49.3 
6 -120.704 O.OOO 
S ce variable 
7 -56.458 3.OOO 1.51825 63.9 
8 ce 3.130 
9 -28.085 3.OOO 1.51825 63.9 
1O -63.352 variable 
11 ce 2.OOO 1.51825 63.9 
12 ce 4OOOOO 

0149) 

TABLE 6 

f 11.0 3O.O 
Fino 1.1 1.4 
dO 15.671 23344 
ds 66.860 5.079 
d10 S.OOO 59.108 

0150. In the third example, when the focal length f has 
the shortest value 11.0 mm, the illuminating region is 
maximized, and when the focal length fhas the longest value 
30.0 mm, the illuminating region is minimized. The maxi 
mum and minimum diameters of the illuminating region are 
the same as the first example (see FIGS. 23 and 24). 
0151. The present disclosure relates to the subject matters 
contained in Japanese Patent Applications Nos. HEI 
11-150836 filed on May 31, 1999 and HEI 11-294347 filed 
on Oct. 15, 1999, which are expressly incorporated herein by 
reference in their entireties. 

What is claimed is: 
1. A microscope comprising: 

a close-up optical System that faces an object, one side of 
each lens included in Said close-up optical System being 
cut Out, 

at least one imaging optical System that takes object light 
rays passing through a region of Said close-up optical 
System, Said region being offset from the optical axis of 
the close-up optical System in the direction opposite to 
the cutout Side; 

an illuminating optical System that guides illumination 
light emitted from a light Source to illuminate Said 
object; 

a first lens barrel that Supports Said close-up optical 
System; 

a Second lens barrel that Supports Said illuminating optical 
System, Said Second lens barrel being arranged in the 
cutout Space of Said close-up optical System inside Said 
first lens barrel; and 

a light Shielding member attached to Said Second lens 
barrel to prevent a leak of the illumination light through 
grooves formed on Said Second lens barrel. 
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2. The microscope according to claim 1, comprising a pair 
of Said imaging optical Systems for enabling Stereoscopic 
observation. 

3. The microScope according to claim 1, wherein Said 
illuminating optical System comprises an illuminating lens 
that includes a plurality of lens groups, Said lens groups 
being movable along the optical axis direction to change 
focal length of Said illuminating lens. 

4. The microscope according to claim 3, wherein Said first 
lens barrel comprises: 

a fixed ring that is fixed to a housing of the microscope, 
a plurality of guide grooves being formed on the 
circumference of Said fixed ring; 

a cam ring that is rotatably connected around Said fixed 
ring, a plurality of cam grooves are formed on the 
circumference of Said cam ring Such that the cam 
grooves interSect obliquely with Said guide grooves, 
respectively; and 

a plurality of moving lens frames that are inserted in Said 
fixed ring with holding Said lens groups, respectively, 

wherein at least one drive pin is installed on each of Said 
moving lens frame to penetrate the interSection 
between Said guide groove and Said cam groove. 

5. The microScope according to claim 4, wherein Said 
light Shielding member is attached to the outer Surface of 
Said cam ring. 

6. The microScope according to claim 5, wherein Said 
light Shielding member is coated by anti-reflection material. 

7. The microscope according to claim 3, wherein said 
illuminating lens comprises: 

a first lens group of a positive refractive power, all of 
lenses included in Said first lens group are positive 
lenses, and 

a Second lens group of a negative refractive power that is 
located at an object Side with respect to Said first lens 
group, all of lenses included in Said Second lens group 
are negative lenses. 

8. The microscope according to claim 7, wherein Said first 
lens group of Said illuminating lens includes at least two 
positive lenses. 

9. The microscope according to claim 8, wherein Said first 
lens group of Said illuminating lens consists of three positive 
lenses. 

10. The microScope according to claim 7, wherein Said 
Second lens group of Said illuminating lens consists of a 
Single negative lens. 

11. An illuminating lens for projecting illumination light 
from a light Source onto an object, Said illuminating lens 
comprising: 

a first lens group of a positive refractive power, all of 
lenses included in Said first lens group are positive 
lenses, and 

a Second lens group of a negative refractive power that is 
located at the object Side with respect to Said first lens 
group, all of lenses included in Said Second lens group 
are negative lenses, 

wherein Said first and Second lens groups are movable 
along the optical axis direction to change degree of 
divergence of the illumination light projected to Said 
object. 
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12. The illuminating lens according to claim 11, wherein 14. The illuminating lens according to claim 11, wherein 
Said first lens group includes at least two positive lenses. Said Second lens group consists of a single negative lens. 

13. The illuminating lens according to claim 12, wherein 
Said first lens group consists of three positive lenses. k . . . . 


