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DESCRIPTION

Title of the Invention: OPTICAL SYSTEM FOR MICROSCOPE, AND MICROSCOPE IN
WHICH SAME IS USED

Technical Field

[0001] The present invention relates to a microscope adapted to capture an image of a
specimen to be observed by a camera function provided in a portable information
terminal and to display the captured image on the display of the portable information

terminal, and a microscope optical system used in the microscope.

Background Art

[0002] The applicant has proposed a microscope on which a portable information
terminal is mounted. The microscope is adapted to capture an image of a specimen to be
observed by a camera function provided in the portable information terminal, such as a
smartphone or a tablet, and to display the captured image on the display of the portable
information terminal as an observation image (refer to the specification of Japanese
Patent Application No. 2016-163997).

[0003] Further, as an available optical system for such microscope, there has been
known one in which a specimen, i.e., an object to be observed, is directly placed on a
surface of the optical system, which surface is closest to the object (refer to, for example,

Patent Literature 1).

Citation List
Patent Literature

[0004] Patent Literature 1: Specification of US Patent No. 7995272

Summary of Invention
Technical Problem
[0005] However, the optical system described in Patent Literature 1 has been posing a

problem in that, when observing a specimen of one micron order, such as bacteria, it is
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difficult to obtain sufficient contrast and resolution of the observation image of the
specimen, so that a satisfactory observation image cannot be obtained. Therefore, when
the optical system described in Patent Literature 1 is adopted for the foregoing
microscope proposed by the present applicant, an image captured by a camera function
provided in a portable information terminal (i.e., an observation image) will have
insufficient contrast and resolution.

[0006] The present invention has been made in view of the circumstances described
above, and an object of the invention is to provide an optical system for a microscope that
is capable of providing sufficient contrast and resolution of an observation image even
when a specimen of one micron order is placed in contact with or adjacent to a surface of
the optical system, which surface is closest to the object, and a microscope using the

optical system.

Solution to Problem
[0007] To this end, an optical system for a microscope in accordance with the present
invention is

an optical system for a microscope used in a microscope which captures an
image of a specimen to be observed by a camera function provided in a portable
information terminal, and displays a captured image on a display of the portable
information terminal, including:

a lighting optical system for applying light from a light source to the specimen;
and an objective optical system for forming the light that has passed through the specimen
into an image,

wherein the objective optical system has an objective lens group disposed
inside the microscope, a first image forming lens group disposed inside the microscope,
and a second image forming lens group disposed inside the portable information terminal,
which are arranged in this order from an object side,

the objective lens group forms an image of the specimen on a first image plane
positioned between the objective lens group and the first image forming lens group,

the first image forming lens group and the second image forming lens group
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re-forms the image formed on the first image plane on a second image plane that
coincides with an imaging surface of an image pickup element for constituting a camera
function of the portable information terminal,

focusing is performed by moving a part or all of the second image forming lens
group along an optical axis,

the specimen is disposed in contact with or adjacent to a surface of the objective

lens group, the surface being closest to an object, and
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conditional expressions (1), (2-1), (4-2) and (5-1) given below are satisfied:

NALX2 < NAo <NA_X15 .. (1)

0.07 < NA_L < 009 ... (2-1)
48mm < Ed < 52mm ... (4-2)
286mm < D < 35mm ... (5-1)

where NA_ denotes a numerical aperture of the lighting optical system,
NAo denotes a numerical aperture of the objective lens group, Ed denotes an effective
diameter of the lighting optical system, and D denotes a distance from the specimen-side
end surface of the lighting optical system to the specimen.
[0008] Thus, according to the optical system for a microscope in accordance with the
present invention, by fixing a lens component of the objective lens group that is closest to
an object, a specimen can be observed by placing the specimen in contact with or adjacent
to the surface on the object side (i.e., the surface of the optical system that is closest to the
object) (for example, placing the specimen directly on the surface that is closest to the
object or with cover glass or the like held therebetween).
[0009] In addition, in the optical system for a microscope in accordance with the
present invention, conditional expressions (1) and (2-1) and (4-2) and (5-1) are required to
be satisfied in order to secure proper contrast and resolution.
[0010] In the conditional expression (1), if the lower limit value is not reached, then
the resolution of an image formed by the objective optical system will be insufficient.
On the other hand, if the upper limit value is exceeded, then the number of optical
elements (lenses or the like) required for achieving a sufficient resolution will increase,
thus inconveniently leading to an extremely complex design.  Further, in the conditional
expression (2-1), if the lower limit value is not reached, then the amount of light will be
insufficient with resultant poor contrast. On the other hand, if the upper limit value is
exceeded, then an excessive amount of light will result, making it difficult to obtain a
sufficient resolution.
[0011] The conditional expression (4-2) is a conditional expression for obtaining a
further proper contrast. In the conditional expression (4-2), if the lower limit value is

not reached, then it becomes difficult to obtain a sufficient amount of light. On the other
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hand, if the upper limit value is exceeded, then the amount of light applied to an area
outside an observation range will increase, and therefore a flare tends to occur, frequently
causing a contrast to deteriorate.

[0012] The conditional expression (5-1) is a conditional expression for achieving a
simpler and smaller structure of a microscope when designing the microscope by
applying the foregoing optical system for a microscope. In the conditional expression
(5-1), if the lower limit value is not reached, then the workspace for mounting a specimen
cannot be secured. On the other hand, if the upper limit value is exceeded, then the size
of the optical system for a microscope (eventually the microscope to be provided with the
optical system) will increase and higher adjustment accuracy will be required for an

illumination optical axis.
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[0013] Thus, the optical system for a microscope in accordance with the present
invention enables a captured image (i.e., an observation image) to have a proper size and
sufficient contrast and resolution even when a specimen of one micron order is disposed
in contact with or adjacent to a surface of an objective optical system, which surface is
closest to the object, thus making it possible to image a specimen to be observed while
securing a sufficient image quality by a camera function provided in a portable
information terminal.
[0014] It has been experimentally found that a configuration that satisfies a conditional
expression (1-1) given below in place of the conditional expression (1) is further preferred.
Further, only one of the upper limit value and the lower limit value of the conditional
expression (1-1) may be replaced by the upper limit value or the lower limit value of the
conditional expression (1).

NAL X28 < NA; < NA_LX13 ..(1-1)
[0015] (Deleted)
[0016] (Deleted)
[0017] (Deleted)



[0018]
[0019]
[0020]
[0021]

(Deleted)
(Deleted)
(Deleted)
(Deleted)
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[0023] Further, to fulfill the foregoing object, a microscope in accordance with the
present invention is

a microscope provided with one of the foregoing optical systems for a
microscope, including:

a microscope main body; and a mounting base which is connected to the
microscope main body and on which the portable information terminal is mounted,

wherein the microscope main body has a specimen mounting section for
mounting the specimen thereon and a light source for applying light to the specimen
mounting section,

the lighting optical system of the optical system for a microscope is disposed
between the specimen mounting section and the light source,

the objective lens group of the optical system for a microscope is disposed
inside the microscope main body such that a surface of the objective lens group, the
surface being closest to an object, is exposed at the specimen mounting section,

the first image forming lens group of the optical system for a microscope is
disposed at an image side of the objective lens group inside the microscope main body;,
and

the second image forming lens group of the optical system for a microscope is
disposed inside the portable information terminal.
[0024] Thus, the microscope in accordance with the present invention can be
configured at low cost by disposing the second image forming lens group, which moves
at the time of focusing, inside a portable information terminal, thus combining the
microscope main body and the objective lens group and the first image forming lens

group, which are incorporated in the microscope main body, into a single unit.
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[0025]  Further, in the microscope in accordance with the present invention,

the light source is preferably an LED.
[0026] An LED is advantageous in that it can be driven for an extended time on a dry
cell or the like with less heat generation. In addition, unlike an electric bulb or the like,

the illumination light is white, so that better observation images can be easily obtained.

Brief Description of Drawings

[0027] FIG. 1 presents perspective views illustrating a microscope according to a first
embodiment, FIG. 1A illustrating the microscope with a portable information terminal
mounted thereon, and FIG. 1B illustrating the microscope without the portable
information terminal mounted thereon;

FIG. 2 is a sectional view taken along line II-11, illustrating the internal structure
of the microscope of FIG. 1,

FIG. 3 is a sectional view along an optical axis, illustrating the configuration of
the microscope optical system of the microscope of FIG. 1;

FIG. 4 is a sectional view along an optical axis, illustrating the configuration of
the lighting optical system of the microscope optical system of FIG. 3;

FIG. 5 is a sectional view along an optical axis, illustrating the configuration of
the objective lens group of the objective optical system of the microscope optical system
of FIG. 3;

FIG. 6 is a sectional view along an optical axis, illustrating the configuration of
the first image forming lens group of the objective optical system of the microscope
optical system of FIG. 3;

FIG. 7 is a sectional view along an optical axis, illustrating the configuration of
the second image forming lens group of the objective optical system of the microscope
optical system of FIG. 3;

FIG. 8 presents the aberration curve diagrams of the microscope optical system
of FIG. 3, FIG. 8A illustrating spherical aberration, FIG. 8B illustrating astigmatism, and
FIG. 8C illustrating distortion aberration;

FIG. 9 is a sectional view along an optical axis, illustrating the configuration of
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a microscope optical system of a microscope according to a second embodiment;

FIG. 10 is a sectional view along an optical axis, illustrating the configuration
of the lighting optical system of the microscope optical system of FIG. 9;

FIG. 11 is a sectional view along an optical axis, illustrating the configuration
of the objective lens group of the objective optical system of the microscope optical
system of FIG. 9;

FIG. 12 presents the aberration curve diagrams of the microscope optical
system of FIG. 9, FIG. 12A illustrating spherical aberration, FIG. 12B illustrating
astigmatism, and FIG. 12C illustrating distortion aberration;

FIG. 13 is a photograph illustrating an observation image of Escherichia coli
observed by the microscope of FIG. 1 or FIG. 9;

FIG. 14 is a photograph illustrating an observation image of salmonella
observed by the microscope of FIG. 1 or FIG. 9;

FIG. 15 is a photograph illustrating an observation image of staphylococcus
aureus observed by the microscope of FIG. 1 or FIG. 9;

FIG. 16 is a photograph illustrating an observation image of pseudomonas
aeruginosa observed by the microscope of FIG. 1 or FIG. 9;

FIG. 17 is a photograph illustrating an observation image of the spores of blue
mold observed by the microscope of FIG. 1 or FIG. 9;

FIG. 18 is a photograph illustrating an observation image of yeast (candida)
observed by the microscope of FIG. 1 or FIG. 9;

FIG. 19 is a photograph illustrating an observation image of wine yeast
observed by the microscope of FIG. 1 or FIG. 9; and

FIG. 20 is a photograph illustrating an observation image of intraoral bacteria

observed by the microscope of FIG. 1 or FIG. 9.

Description of Embodiments
[0028] [First Embodiment]
Referring to FIG. 1 to FIG. 8, the following will describe a microscope M

according to a first embodiment and an optical system used with the microscope M. The
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microscope M is adapted to capture an image of a specimen to be observed by a camera
function provided in a portable information terminal and to display the captured image on
the display of the portable information terminal.

[0029] Referring first to FIG. 1 and FIG. 2, the configuration of the microscope M will
be described.

[0030] As illustrated in FIG. 1A and FIG. 2, the microscope M is composed of a
microscope main body 1, a mounting base 2, which can be detachably connected to the
microscope main body 1, a portable information terminal P to be placed on the mounting
base 2, and an optical system 3 (microscope optical system) disposed, extending from the
inside of the microscope main body 1 to the inside of the portable information terminal P.
[0031] As illustrated in FIG. 1B and FIG. 2, the microscope main body 1 has a housing
1a, in which a recessed section that is concave in a horizontal direction has been formed, a
specimen mounting section 1b provided on the lower side of the recessed section of the
housing 1a, and a light source 1c, which is disposed on the upper side of the recessed
section of the housing 1a and which applies light to the specimen mounting section 1b.
[0032] As the light source 1c, an LED is used. The LED is adopted as the light
source 1c in this case, because the LED is advantageous in that the LED can be driven for
an extended time on a dry cell or the like with less heat generation. There is an
additional advantage in that, unlike an electric bulb or the like, the illumination light of
the LED is white, so that better observation images can be easily obtained. It should be
noted that the light source in the present invention is not limited to an LED and
alternatively an incandescent lamp, a xenon lamp or the like insofar as the light source
can apply sufficient illumination light to a specimen.

[0033] The mounting base 2 is configured to be a member shaped like an inverted L-
shape by a plate-like mounting plate 2a on which the portable information terminal P is to
be placed, and a plate-like supporting leg 2b which supports the mounting plate 2a. In
the mounting plate 2a, a circular see-through window 2c is formed, penetrating from the
surface on the side where the portable information terminal P is mounted to the surface on
the side of the microscope main body 1. The see-through window 2c is formed at a

position corresponding to a camera lens P1 (a second image forming lens group G14) of
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the portable information terminal P placed on the mounting base 2.

[0034] The optical system 3 is composed of a lighting optical system 3a for applying
the light from the light source 1c to a specimen, and an objective optical system 3b for
forming the light that has passed through the specimen into an image.

[0035] The lighting optical system 3a is disposed at a position which is inside the
housing 1a of the microscope main body 1, which is adjacent to the lower surface of the
light source 1c, and which opposes the specimen mounting section 1b.

[0036] The objective optical system 3b is composed of an objective lens group 3bl
disposed below the specimen mounting section 1b, a first image forming lens group 3b2
disposed at the position corresponding to the see-through window 2c of the housing 1a,
and the camera lens P1 (not illustrated in FIG. 2) of the portable information terminal P.
[0037] The objective lens group 3bl is disposed such that the surface thereof that is
closest to an object is exposed to the specimen mounting section 1b, and a specimen,
which is an object to be observed, is placed on the surface directly or adjacently thereto
through the intermediary of a cover glass or the like.

[0038] The light which is emitted from the light source 1c and which has passed
through the specimen passes through the objective lens group 3b1, and is reflected by
mirrors m and exits to the outside (specifically, to a position corresponding to the see-
through window 2c of the mounting base 2) of the housing 1a (i.e., the microscope main
body 1) through the first image forming lens group 3b2.

[0039] The light exiting outside the housing la is formed into an image by the camera
lens P1 (namely, the second image forming optical system that moves at the time of
focusing) of the portable information terminal P placed on the mounting base 2. The
image (i.e., the observation image of the specimen) is captured by an image pickup device
incorporated in the portable information terminal P and displayed as a captured image (i.e.,
an observation image) on the display of the portable information terminal P.

[0040] Thus, in the microscope M, the objective lens group 3bl and the first image
forming lens group 3b2 (i.e., the lens group that does not move) incorporated in the
microscope main body 1 are handled as a single unit by using the camera lens P1

mounted on the portable information terminal P as the second image forming lens group
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that moves at the time of focusing. This eliminates the need for providing the
microscope main body 1 with a complex mechanism, thus making it possible to reduce
the production cost of the microscope main body 1.

[0041] However, in order to make at least one of an objective lens group and a first
image forming lens group replaceable, the lens group may be configured to be an
independent unit that is detachably installed to a microscope main body.

[0042] Referring now to FIG. 3 to FIG. 8, the configuration of the optical system 3 will
be described in detail.

[0043] In the sectional views along the optical axis of each lens group illustrated in
FIG. 4 to FIG. 7, the numerals of rl1, r2, ... and d1, d2, ... correspond to the surface
numbers 1, 2, ... in the numerical data. Further, in the numerical data to be discussed
hereinafter, “s” denotes a surface number, “r” denotes the curvature radius of each surface,
“d” denotes a surface interval, “nd” denotes the refractive index in a d-line (wavelength
being 587.56 nm), “vd” denotes the Abbe number in the d-line, “K” denotes a conical
coefficient, and “A,” denotes an aspherical coefficient.

[0044]  Further, in the aspherical coefficient of the numerical data, E denotes the power
of 10. For example, “E — 01” denotes the minus one power of 10. Further, each
aspherical shape is represented by the expression given below, using each aspherical
coefficient described in the numerical data. The coordinate in the direction along an
optical axis is denoted by Z, and the coordinate in the direction perpendicular to the
optical axis is denoted by Y.

[0045] Z=(Y¥)/[1+{1— (L+Kk)- (YN +AY*

[0046] As described above, the optical system 3 is composed of the lighting optical
system 3a disposed on an optical axis Lc and the objective optical system 3b.

[0047] Further, as illustrated in FIG. 3, the lighting optical system 3a is composed of
only an illumination lens group G11 in the optical system 3. The objective optical
system 3b is composed of an objective lens group G12 (i.e., the objective lens group 3b1l),
a first image forming lens group G13 (i.e., the first image forming lens group 3b2), and
the second image forming lens group G14 (i.e., the camera lens P1), which are disposed

in this order from the object side.
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[0048] The light emitted from the light source 1c (a light emitting surface L) is led to a
specimen to be observed (i.e., an object surface O) through the illumination lens group
G11. The light that has passed through the specimen is formed the first time into an
image on a first image plane IM1 through the objective lens group G12. The image that
has been formed on the first image plane IM1 is formed the second time into an image on
a second image plane IM2 through the first image forming lens group G13 and the second
image forming lens group G14. The second image plane IM2 coincides with the
imaging surface of the image pickup device of the portable information terminal P, and
the image formed on the surface is displayed on the display of the portable information
terminal P.

[0049] As illustrated in FIG. 4, the illumination lens group G11 is composed of a
plano-convex lens L11 which has a positive refractive power and has the convex surface

thereof facing the object side.

[0050] The following presents the surface data related to the illumination lens group
G11.
[0051] [Table 1]
Numerical data 1 (Illumination lens group)
unit: mm
Surface data
Surface No. Curvature radius |Surface interval |Refractive index |Abbe number  |Effective radius
S r d nd vd
1 (light-emitting surface) Inf 0.2 (phosphor) 0.5
2 Inf 5 1.411 53.3 24
3 -25 35 2.4
4 (object surface) Inf

[0052] As illustrated in FIG. 5, the objective lens group G12 is composed of a lens L21,
which is a flat lens used as a cover glass, a lens L22, which is a meniscus lens having a
negative refractive power and having the convex surface thereof facing the image side, a
lens L23, which is a biconvex lens having a positive refractive power, a lens L24, which
IS a meniscus lens having a negative refractive power and having the concave surface
thereof facing the image side, a lens L25, which is a biconvex lens having a positive

refractive power, and a lens L26, which is a meniscus lens having a negative refractive
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power and has the concave surface thereof facing the image side, the lenses being
arranged in this order from the object side.
[0053] In the objective lens group G12, the lens L24 and the lens L25 are joined. The
surface on the object side (a tenth surface) and the surface on the image side (an eleventh
surface) of the lens L26 are aspherical surfaces.
[0054] The following illustrates the surface data related to the objective lens group
Gl2.
[0055] [Table 2]

Numerical data 2 (Objective lens group)

unit: mm

Surface data

Surface No. Curvature radius | Surface interval Refractive index Abbe number
S r d nd vd
1 (Object surface) Inf 1.00 1.52308 58.6
2 Inf 0.40
3 -3.720 2.80 1.78590 44.2
4 -3.734 0.29
5 10.031 3.60 1.51633 64.1
6 —8.710 2.32
7 38.611 1.07 1.75520 2715
8 5.471 3.59 1.48749 70.2
9 -8.714 16.41
10 (Aspherical surface) 9.047 3.00 1.68948 31.0
11 (Aspherical surface) 8.957 11.12
12 Inf 140.00
13 (1st image plane) Inf
Aspherical surface data
10th surface K=1.39E-01, A, = 2.46E — 04
11th surface K=8.53E-01, A, =3.63E — 04

[0056] As illustrated in FIG. 6, the first image forming lens group G13 is composed of
a lens L31, which is a biconvex lens having a positive refractive power, a lens L32, which
IS @ meniscus lens having a negative refractive power and having the convex surface
thereof facing the image side, a lens L33, which is a plano-convex lens having a positive
refractive power and having the flat surface thereof facing the image side, and a lens L34,

which is a flat lens.
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L32 are joined.
[0058]
group G13.
[0059]

[Table 3]
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Numerical data 3 (First image forming lens group)

unit: mm

Surface data

Further, in the first image forming lens group G13, the lens L31 and the lens

The following illustrates the surface data related to the first image forming lens

Surface No. Curvature radius | Surface interval Refractive index Abbe number

s r d nd vd

1 (First image plane) Inf 5.89

2 22.298 1.51633 64.1

3 —-6.717 2 1.84666 23.8

4 —11.402 0.2

5 9.785 3 1.51633 64.1

6 Inf 3

7 Inf 0.5 1.52308 58.6

8 Inf

[0060] As indicated by the above numeral data 3, the lens L34, which is a flat lens, is

disposed closest to the image side in the first image forming lens group G13 (i.e., between
the first image forming lens group G13 and the second image forming lens group G14).
Further, the lens L34 is fixed at the time of focusing. Thus, in the objective optical
system 3b, the first image forming lens group G13 and the second image forming lens
group G14 are configured to be separable as independent optical systems.

[0061] However, the lens L34 is not limited to a lens shaped like a flat plate, and may
alternatively use a spherical or an aspherical lens according to the shape of the housing 1a
(the placement space of the first image forming lens group G13), required optical
performance, or the like.

[0062] As illustrated in FIG. 7, the second image forming lens group G14 is composed
of a lens L41, which is a biconvex lens having a positive refractive power, a lens L42,
which is a biconcave lens having a negative refractive power, and a lens L43, which is a
meniscus lens having a positive refractive power and having the convex surface thereof

facing the image side.
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[0063] In the optical system 3, focusing is performed by moving the entire second

image forming lens group G14 along the optical axis Lc. More specifically, the focusing
is performed by changing the surface interval (6.6 mm) related to the surface number 6 in
the numerical data 4, which will be discussed later. The focusing is not limited to the
foregoing method, and may alternatively be performed by moving a part of the second

image forming lens group G14 along the optical axis.

[0064] The following illustrates the surface data related to the second image forming
lens group G14.
[0065]  [Table 4]

Numerical data 4 (Second image forming lens group)

unit: mm

Surface data

Surface No. Curvature radius Surface interval Refractive index Abbe number
s r d nd vd

1 3.565 12 1.62041 60.3
2 -17.768 1
3 —2.186 0.6 1.62004 36.4
4 4.617 0.8
5 —65.010 15 1.62041 60.3
6 —2.456 6.6
7 (2nd image plane) Inf
[0066] The following illustrates various data related to the entire optical system 3.
[0067] [Table 5]

Various data 1
Numerical aperture of lighting optical system (NA,) 2.4/35 =0.069
Numerical aperture of objective lens group (NAg) 0.2
Image-formation magnification of objective lens group (Mo) 30
Effective diameter of lighting optical system (Ed) 2.4 X2=4.8mm
Distance from specimen-side end surface of lighting optical system to specimen (D) 35 mm
(d3 in numerical data 1)

[0068]

of the objective optical system 3b of the optical system 3.

FIG. 8 presents the aberration diagrams related to the objective lens group 3bl
In FIG. 8, FIG. 8A illustrates
spherical aberration (SA (mm)), FIG. 8B illustrates astigmatism (AST (mm)), and FIG.

8C illustrates distortion aberration (DIS (%)). In FIG. 8A (the spherical aberration), the
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solid line denotes the aberration of F-line, the dotted line denotes the aberration of the d-
line, and the chain line denotes the aberration of C-line. In FIG. 8B (astigmatism), the
solid line denotes a tangential plane, and the dotted line denotes a sagittal plane.
[0069] As indicated by the foregoing various data 1, in the optical system 3, the
numerical aperture NA_ of the lighting optical system 3a is 0.069, the numerical aperture
NA, of the objective lens group 3bl is 0.2, and the image-formation magnification Mg of
the objective lens group 3bl is 30, thus satisfying conditional expressions (1), (2) and (3)
given below.

NALX2 < NAo < NALx15 .. (1)

00l < NAL < 01 ..(2

25 < Mo < 100 ...(3)
[0070] Conditional expressions (1) and (2) are conditional expressions for securing
proper contrast and resolution. Further, conditional expression (3) is a conditional
expression for enabling a specimen of one micron order to be observed in an appropriate
size by using an image pickup device of a regular size.
[0071] As is obvious from the aberration diagrams of FIG. 8 and the observation
images (i.e., captured images) of FIG. 13 to FIG. 20, which will be described later, the
optical system 3 that satisfies the foregoing conditional expressions (1), (2) and (3) can
provide a captured image that has a proper size and sufficient contrast and resolution even
if a specimen of one micron order is placed in contact with or adjacent to a surface of the
objective optical system 3b, which surface is closest to the object side. This makes it
possible to capture an image of a specimen to be observed while securing a sufficient
image quality by the camera function provided in the portable information terminal P.
[0072] Further, in the optical system 3, the effective diameter Ed (the value obtained by
doubling the effective radius) of the lighting optical system 3a is 4.8 mm, thus satisfying a
conditional expression (4) given below.

2mm < Ed < 8mm ...(4)
[0073] The optical system 3 satisfies the conditional expression (4), so that a sufficient
amount of light is obtained, and the occurrence of flare is prevented. However, the

optical system for a microscope in accordance with the present invention does not
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necessarily have to satisfy the conditional expression (4) insofar as the conditional
expressions (1), (2) and (3) are satisfied.

[0074]  Further, in the optical system 3, the distance D (i.e., d3 in the foregoing
numerical data 1) from the specimen-side end surface of the lighting optical system 3a to
the specimen is 35 mm, thus satisfying a conditional expression (5) given below.

5mm < D < 50mm ...(5
[0075] The optical system 3 satisfies the conditional expression (5), so that the size of
the optical system for a microscope (consequently, the microscope in which the optical
system is installed) and the required level of adjustment accuracy for an illumination
optical axis can be reduced while securing a sufficient workspace for mounting a
specimen. However, the optical system for a microscope in accordance with the present
invention does not necessarily have to satisfy the conditional expression (5) insofar as the
conditional expressions (1), (2) and (3) are satisfied.

[0076] [Second Embodiment]

Referring to FIG. 9 to FIG. 12, the following will describe an optical system

used in a microscope according to a second embodiment. However, the microscope of
the present embodiment differs from the microscope M of the first embodiment only in
the configuration of the illumination lens group constituting a lighting optical system and
the configuration of the objective lens group of the objective optical system. The
description will be focused only on the numerical data related to the configuration of the
illumination lens group constituting the lighting optical system and the configuration of
the objective lens group of the objective optical system, and various data related to the
entire optical system.
[0077] In the sectional views along the optical axis of each lens group illustrated in
FIG. 10 and FIG. 11, the numerals of r1, r2, ... and d1, d2, ... correspond to the surface
numbers 1, 2, ... in the numerical data. Further, in the numerical data to be discussed
hereinafter, s denotes a surface number, “r” denotes the curvature radius of each surface,
“d” denotes a surface interval, “nd” denotes the refractive index in a d-line (wavelength
being 587.56 nm), and “vd” denotes the Abbe number in the d-line.

[0078] The optical system of the present embodiment is composed of a lighting optical
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system and an objective optical system that are disposed on an optical axis Lc.
[0079] Further, as illustrated in FIG. 9, in the optical system of the present embodiment,
the lighting optical system is composed of only an illumination lens group G21. The
objective optical system is composed of an objective lens group G22 (i.e., the objective
lens group 3b1), a first image forming lens group G13 (i.e., the first image forming lens
group 3b2), and a second image forming lens group G14 (i.e., a camera lens P1) disposed
in this order from the object side.

[0080]

specimen to be observed (namely, an object surface O) through an illumination lens group

The light emitted from a light source (a light emitting surface L) is led to a

G21. The light that has passed through the specimen is formed the first time into an
image on a first image plane IM1 through the objective lens group G22. The image that
has been formed on the first image plane IM1 is formed the second time into an image on
a second image plane IM2 through the first image forming lens group G13 and the second
image forming lens group G14. The second image plane IM2 coincides with the
imaging surface of the image pickup device of a portable information terminal P, and the
image formed on the surface is displayed on the display of the portable information
terminal P.

[0081] As illustrated in FIG. 10, the illumination lens group G21 is composed of a

biconvex lens L51 which has a positive refractive power.

[0082] The following presents the surface data related to the illumination lens group
G21.
[0083] [Table 6]
Numerical data 5 (Illumination lens group)
unit: mm
Surface data
Surface No. Curvature radius  |Surface interval |Refractive index |Abbe number |Effective radius
S r d nd vd
1 (light-emitting surface) Inf 0.2 (phosphor) 0.5
2 Inf 5 0.5
3 10 5 1.51633 64.1 2.6
4 -6 28 2.6
4 (object surface) Inf
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[0084] As illustrated in FIG. 11, the objective lens group G22 is composed of a lens
L61, which is a flat lens used as a cover glass, a lens L62, which is a plano-convex lens
having a positive refractive power and having the convex surface thereof facing an image
side, a lens L63, which is a meniscus lens having a positive refractive power and having
the convex surface thereof facing the image side, a lens L64, which is a meniscus lens
having a negative refractive power and having the concave surface thereof facing the
image side, a lens L65, which is a biconvex lens having a positive refractive power, a lens
L66, which is a meniscus lens having a negative refractive power and having the concave
surface thereof facing the image side, and a lens L67, which is a biconvex lens having a
positive refractive power, the lenses being disposed in this order from the object side.
[0085] Further, in the objective lens group G22, the lens L64 and the lens L65 are
joined, and the lens L66 and the lens L67 are joined. In addition, the objective lens
group G22 is configured such that an oil immersion liquid exists between the lens L61
and the lens L62 at the time of observation.
[0086] The following illustrates the surface data related to the objective lens group
G22.
[0087] [Table 7]

Numerical data 6 (Objective lens group)

unit: mm

Surface data

Surface No. Curvature radius | Surface interval Refractive index Abbe number
S r d nd vd

1 (Object surface) Inf 0.17 1.52308 58.6
2 (Oil immersion liquid) Inf 0.23 1.51500 58.5
3 Inf 0.88 1.51633 64.1
4 —-0.867 0.08
5 —7.059 1.53 1.64250 58.4
6 —2.385 0.22
7 14.444 1.41 1.74950 35.3
8 4,550 2.15 1.49700 81.5
9 - 4516 2.03
10 16.797 1.04 1.72825 28.5
11 4.005 1.72 1.50137 56.4
12 —27.689 33.60
13 Inf 150.00
14 (1st image plane) Inf
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[0088] The following illustrates various data related to the entire optical system of the
present embodiment.
[0089] [Table 8]

Various data 2

Numerical aperture of lighting optical system (NA,) 2.6/28 = 0.093
Numerical aperture of objective lens group (NAg) 12
Image-formation magnification of objective lens group (Mo) 100
Effective diameter of lighting optical system (Ed) 2.6 X2=5.2mm
Distance from specimen-side end surface of lighting optical system to specimen (D) 28 mm

(d3 in numerical data 5)

[0090] FIG. 12 presents the aberration diagrams related to the objective lens group of
the objective optical system of the optical system according to the present embodiment.
In FIG. 12, FIG. 12A illustrates spherical aberration (SA (mm)), FIG. 12B illustrates
astigmatism (AST (mm)), and FIG. 12C illustrates distortion aberration (DIS (%)). In
FIG. 12A (the spherical aberration), the solid line denotes the aberration of F-line, the
dotted line denotes the aberration of d-line, and the chain line denotes the aberration of C-
line. In FIG. 12B (astigmatism), the solid line denotes a tangential plane, and the dotted
line denotes a sagittal plane.
[0091] As indicated by the foregoing various data 2, in the optical system of the
present embodiment, the numerical aperture NA_ of the lighting optical system is 0.093,
the numerical aperture NAo of the objective lens group is 1.2, and the image-formation
magnification Mo of the objective lens group is 100, thus satisfying conditional
expressions (1), (2) and (3) given below.

NALX2 < NAo < NA_X15 ..(1)

001 < NAL < 01 ...(2

25 < Mo < 100 ...(3)
[0092] Conditional expressions (1) and (2) are conditional expressions for securing
proper contrast and resolution. Further, conditional expression (3) is a conditional
expression for enabling a specimen of one micron order to be observed in an appropriate
size by using an image pickup device of a regular size.

[0093] As is obvious from the aberration diagrams of FIG. 12 and the observation
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images (i.e., captured images) of FIG. 13 to FIG. 20, which will be described later, the
optical system of the present embodiment that satisfies the foregoing conditional
expressions (1), (2) and (3) can provide a captured image that has a proper size and
sufficient contrast and resolution even if a specimen of one micron order is placed in
contact with or adjacent to the surface of the objective optical system, which surface is
closest to the object side.  This makes it possible to capture an image of a specimen to be
observed while securing a sufficient image quality by the camera function provided in the
portable information terminal P.
[0094] Further, in the optical system, the effective diameter Ed (the value obtained by
doubling the effective radius) of the lighting optical system is 5.2 mm, thus satisfying a
conditional expression (4) given below.

2mm < Ed < 8mm ...(4)
[0095] The optical system of the present embodiment satisfies the conditional
expression (4), so that a sufficient amount of light is obtained, and the occurrence of flare
is prevented.
[0096] Further, in the optical system of the present embodiment, the distance D (i.e., d3
in the foregoing numerical data 5) from the end surface of the lighting optical system on
the specimen side to the specimen is 28 mm, thus satisfying a conditional expression (5)
given below.

5mm < D < 50mm ...(5)
[0097] The optical system of the present embodiment satisfies the conditional
expression (5), so that the size of the optical system for a microscope (consequently, the
microscope in which the optical system is installed) and the level of adjustment accuracy
required for an illumination optical axis can be reduced while securing a sufficient
workspace for mounting a specimen.
[0098] [Experiment data]

FIG. 13 to FIG. 20 illustrate the observation images by a microscope provided
with one of the optical systems described above. FIG. 13 illustrates an observation
image of Escherichia coli (approximately 3 um), FIG. 14 illustrates an observation image

of salmonella (approximately 2 um), FIG. 15 illustrates an observation image of



10

15

-22 -

staphylococcus aureus (approximately 1 um), FIG. 16 illustrates an observation image of
pseudomonas aeruginosa (approximately 3 um), FIG. 17 illustrates an observation image
of the spores of blue mold (approximately 4 um), FIG. 18 illustrates an observation image
of yeast (candida) (approximately 5 um), FIG. 19 is an observation image of wine yeast
(approximately 5 pm), and FIG. 20 is an observation image of intraoral bacteria

(approximately 0.5 to 10 um).

Description of Reference Numerals

[0099] 1 ...microscope main body; la ...housing; 1b ...specimen mounting section; 1c
...light source; 2 ...mounting base; 2a ...mounting plate; 2b ...supporting leg; 2c ...see-
through window; 3 ...optical system (optical system for a microscope); 3a ...lighting
optical system; 3b ...objective optical system; 3bl ...objective lens group; 3b2 ...first
image forming lens group; IM1 ...first image plane; IM2 ...second image plane; L
...light emitting surface; Lc ...optical axis; M ...microscope; m ...mirror; O ...object
surface; P ...portable information terminal; and P1 ...camera lens (second image forming

lens group).
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CLAIMS

1. An optical system for a microscope used in a microscope that captures an image
of a specimen to be observed by a camera function provided in a portable information
terminal, and displays the captured image on a display of the portable information
terminal, comprising:

a lighting optical system for applying light from a light source to the specimen;
and an objective optical system for forming the light that has passed through the specimen
into an image,

wherein the objective optical system has an objective lens group disposed
inside the microscope, a first image forming lens group disposed inside the microscope,
and a second image forming lens group disposed inside the portable information terminal,
which are arranged in this order from an object side,

the objective lens group forms an image of the specimen on a first image plane
positioned between the objective lens group and the first image forming lens group,

the first image forming lens group and the second image forming lens group
re-forms the image formed on the first image plane on a second image plane that
coincides with an imaging surface of an image pickup element for constituting a camera
function of the portable information terminal,

focusing is performed by moving a part or all of the second image forming lens
group along an optical axis,

the specimen is disposed in contact with or adjacent to a surface of the objective
lens group, the surface being closest to an object, and

conditional expressions (1), (2-1), (4-2) and (5-1) given below are satisfied:

NAL X2 < NAp < NA_15 .. (1)
0.07 < NA_L < 0.09 .. (2-1)
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48mm < Ed < 52mm ... (4-2)

28mm < D < 35mm ... (5-1)

where NA_ denotes a numerical aperture of the lighting optical system,
NAo denotes a numerical aperture of the objective lens group, Ed denotes an effective
diameter of the lighting optical system, and D denotes a distance from the specimen-side

end surface of the lighting optical system to the specimen.

2. A microscope provided with the optical system for a microscope described in
claim 1, comprising:

a microscope main body; and a mounting base which is connected to the
microscope main body and on which the portable information terminal is mounted,

wherein the microscope main body has a specimen mounting section for
mounting the specimen thereon and a light source for applying light to the specimen
mounting section,

the lighting optical system of the optical system for a microscope is disposed
between the specimen mounting section and the light source,

the objective lens group of the optical system for a microscope is disposed
inside the microscope main body such that a surface of the objective lens group, which
surface is closest to an object, is exposed at the specimen mounting section,

the first image forming lens group of the optical system for a microscope is
disposed on an image side of the objective lens group inside the microscope main body;,
and

the second image forming lens group of the optical system for a microscope is

disposed inside the portable information terminal.

3. The microscope according to claim 4,

wherein the light source is an LED.





