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ABSTRACT

An object of the invention is to provide a phase object identification device and method which can identify a phase
object in a completely different manner from conventional
methods for observing or measuring a phase object.
A phase object identification device 1 for identifying a phase
object for changing the phase of light includes a light source
2, a sample holding means 3 for holding a phase object 31 to
be identified, a holographic recording medium 4 on which a
hologram 41 formed by interference between reference light
25 and object light 24 that is phase-modulated by a known
phase object 32 is recorded, and a light detector 5, a phase of
light 21 emitted from the light source is modulated by the
phase object to be identified to generate sample light 22, the
hologram of the holographic recording medium is irradiated
with the sample light, reproduced light 23 reproduced from
the hologram of the holographic recording medium is
detected by the light detector.
9 Claims, 9 Drawing Sheets
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PHASE OBJECT IDENTIFICATION DEVICE
AND METHOD

Non-Patent Document 1: Mai HANESAKA, Eriko
WATANABE, Jun MIZUNO, and Kashiko KODATE,
"2-D Phase Measurement System for Microscopic Objects
using Phase Locking Technique", Optics & Photonics
Japan 2007, Nov. 26, 2007, p.272-273

TECHNICAL FIELD
5

The present invention relates to a phase object identification device and a method for identifying an object (hereinafter, referred to as a "phase object") for changing the phase of
light, more particularly, relates to a phase object identification
device and a method for identifying a phase object to be
identified with the use of holography, and also relates to novel
applications using the phase object identification device and
the method.
BACKGROUND ART
While the simplest approach for observing an object is an
observation by the naked eye, the naked eye is intended to
detect the change in light intensity, and thus not suitable for
the observation of an object which brings about no change in
light intensity or an object which brings about a small change
in light intensity. The same applies to common photographs
and image sensors because the change in light intensity is
detected for the photographs and image sensors. For example,
biological cells, bacteria, gratings, waveguides, microscopic
steps at the surfaces of objects, structure of the same color,
etc. bring about no changes or only small changes in light
intensity, and it has been thus difficult to observe the shapes
thereof. In particular, biological cells have many clear and
colorless intercellular components, and it has been thus
extremely difficult to observe the shape and intercellular
components of the biological cells.
Therefore, conventionally, biological cells are subjected to
a pretreatment for dyeing the biological cells to visualize the
shapes thereof or identify of each intercellular component
depending on the degree of dyeing. While biological cells can
be visualized by dyeing, the dyeing technique is not able to be
used in some cases depending on targets. In addition, the
pretreatment for dyeing requires time for immobilization, etc
of biological cells, which is not a simple approach for observation. Furthermore, the dyeing may cause the biological
cells to die or alter the biological cells, thereby resulting in the
problems of failure to observe the biological cells under normal conditions and limitation to subsequent uses of the
samples.
In the meanwhile, objects which bring about no changes in
light intensity even change the phase of light in response to
the difference in refractive index or the optical path difference
in many cases. The biological cells, bacteria, gratings,
waveguides, microscopic steps at the surfaces of objects,
structure of the same color, etc. mentioned above are also
included in phase objects which modulate the shape of light.
In the case of such phase objects, it is possible to observe the
phase objects by a phase-contrast microscope, a differential
interference microscope, or the like converting relative phase
information into intensity. In addition, as described in NonPatent Document 1, techniques for measuring absolute phase
information on phase objects have been also researched and
developed. In Non-Patent Document 1, the closed-loop feedback technique is introduced into a Mach-Zehnder interferometer, and the entire surfaces of phase objects are scanned
by the phase measurement system which is capable of measuring changes in phase in microscopic regions of clear and
colorless phase objects with a high degree of accuracy,
thereby measuring absolute phase information on the clear
and colorless phase objects.
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Problems To Be Solved By the Invention
10

15

20

25

30

35

40

45

50

55

60

65

In recent years, the discovery of an embryonic stem cell
(ES cell) has expanded the possibilities of further regenerative medical techniques, and various types of research and
development have been actively carried out. The ES cells
refer to pluripotent stem cells established from early embryos
of animals, and cells which potentially differentiate into all
cells. Moreover, the ES cells can be cultured and proliferated
while keeping the pluripotent differentiation, and intended
cells, organs, and tissues have been thus expected to be created and used for treatments. While cell transplantation using
living cells, such as skin transplantation, bone-marrow transplantation, and organ transplantation, has major problems
such as a scarcity of donors and rejections, the discovery of
the ES cells has been showing some signs of solving the
problems.
In addition, cytoscreening has been frequently carried out
in which cells collected from a lesion and cultured are
observed under a microscope to detect abnormal cells, tumor
cells, and the like, thereby making a diagnosis of the presence
or absence of a lesion or a diagnosis of a lesion, because the
cytoscreening is relatively easy to carry out and lessens the
burden on patients.
In these cell culture techniques, the presence or absence of
a nucleus has importance. More specifically, if there is no
nucleus inside a cell, no cell division will be caused, resulting
in failure to create any cells. Therefore, it has been necessary
to examine the presence or absence of a nucleus inside a cell.
As described above, the observation of dyed cells is unfit for
the examination, because the observation takes time and
cause biological cells to die or alter the biological cells. In
addition, while living cells can be observed in the observation
by a phase-contrast microscope, a differential interference
microscope, or the like, which is an examination carried out
by the naked eye, the accuracy of the examination is greatly
affected by the skill and experience of the observer. The case
of the measurement with the use of the phase measurement
system has the problem of investment of time for the measurement.
An object of the invention is to provide a phase object
identification device and method which can identify a phase
object in a completely different manner from conventional
methods for observing or measuring a phase object. In addition, another object of the present invention is to provide
novel applications using the phase object identification
device and method. An object of the present invention is to
provide an examination device and an examination method
for the nucleus of the biological cell described above as one of
the applications.
Means For Solving the Problems
In order to solve the problems, a phase object identification
device for identifying a phase object for changing the phase of
light according to the present invention is characterized in
that it comprises: a light source; a sample holding means for
holding a phase object to be identified; a holographic recording medium on which a hologram formed by interference
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between reference light and object light that is phase-modulated by a known phase object is recorded; and a light detector, a phase of light emitted from the light source is modulated
by the phase object to be identified to generate sample light,
the hologram of the holographic recording medium is irradiated with the sample light, reproduced light reproduced from
the hologram of the holographic recording medium is
detected by the light detector.
In the phase object identification device, it is preferable
that the hologram of the holographic recording medium be
irradiated with the sample light by an objective lens arranged
in such a way that a real image of the phase object to be
identified is located on an incident pupil plane.
In the phase object identification device, it is preferable
that multiple holograms formed from multiple known phase
objects are recorded on the holographic recording medium,
and the phase object identification device comprises an irradiated position shifting means for shifting a position irradiated with the sample light in the holographic recording
medium.
In addition, it is preferable that the phase object identification device comprise an observation optical system for
observing a phase object to be identified, which is held by the
sample holding means, and the observation optical system
comprise a sample-side objective lens, and an imaging lens or
an eyepiece. Furthermore, it is preferable that the sample
holding means comprise a focusing means for shifting a
phase object to be identified in an optical axis direction or a
sample positioning means for shifting a phase object to be
identified in a planar direction orthogonal to the optical axis,
in order to observe a held phase object to be identified by the
observation optical system.
In addition, the phase object identification device may
comprise a sample conveying means for sequentially conveying multiple phase objects to be identified to the sample
holding means.
In addition, in the phase object identification device, the
phase object to be identified may be a biological cell or a
bacterium, and the presence or absence of a cell nucleus in the
biological cell or the bacterium may be identified. Alternatively, the known phase object may be a specimen within
standards, and whether or not the phase object to be identified
corresponds to the standards may be identified.
In addition, it is preferable that the phase object identification device comprise a reference light generation means for
generating reference light, the sample holding means be able
to hold a known phase object, a phase of light emitted from
the light source be modulated by the known phase object to
generate object light, the reference light generation means
generate reference light, the holographic recording medium
be irradiated with the object light and the reference light, and
a hologram formed by interference between the object light
and the reference light be recorded on the holographic recording medium. Furthermore, the reference light generation
means may be an opening formed in the sample holding
means.
A phase object identification method according to the
present invention is a phase object identification method for
identifying a phase object for changing the phase of light,
characterized in that: a phase of light emitted from a light
source is modulated by a phase object to be identified to
generate sample light; a holographic recording medium, on
which a hologram formed by interference between reference
light and object light that is phase-modulated by a known
phase object is recorded, is irradiated with the sample light;
reproduced light reproduced from the hologram of the holographic recording medium is detected by a light detector; and

the phase object to be identified is identified as having a
correlation with the known phase object if the intensity of the
reproduced light detected by the light detector is greater than
a threshold value, or the phase object to be identified is identified as having no correlation with the known phase object if
the intensity of the reproduced light is less than the threshold
value.
Advantageous Effects of the Invention
The phase object identification device and method according to the present invention are essentially different in technical idea from the prior art in which the phase modulation
pattern itself of a phase object to be identified is identified by
converting the change in phase of light caused by the phase
15 object into the change in light intensity, and provided to detect
the correlation between a phase to be identified and a known
phase object for identifying the phase object to be identified.
Furthermore, the phase object identification device and
method according to the present invention also have a big
20 feature in that the correlation between a phase to be identified
and a known phase object is detected by the calculation of
optical correlation with the use of holography.
The holography refers to a technique which is capable of
recording the amplitude (intensity) and phase of light, which
25 is able to record phase information on a known phase object
directly as a hologram. More specifically, when a recording
medium is irradiated with object light that is phase-modulated by a known phase object and reference light so as to
overlap the object light and the reference light with each other
30 in a hologram recording layer of the recording medium, the
hologram formed by interference between the object light and
the reference light can cause a photoreaction of a photosensitive material in the hologram recording layer and set the
hologram in the hologram recording layer.
35
When the thus recorded hologram on the recording
medium is irradiated with the object light that is phase-modulated by the known phase object under the same conditions as
in the case of recording, the object light is diffracted by the
hologram to generate reproduced light corresponding to the
40 reference light. Furthermore, even when the hologram is irradiated with light that is phase-modulated by a phase object
which has a correlation with the known phase object, rather
than by the known phase object, under the same conditions as
in the case of recording, the hologram will characteristically
45 interfere with the light to generate reproduced light depending on the correlation value (the degree of similarity). Therefore, the detection of the presence or absence of reproduced
light can identify the presence or absence of correlation
between the phase object to be identified and the known phase
50 object. More specifically, unless any reproduced light is
reproduced from the hologram irradiated with the sample
light under the same conditions as in the case of recording to
generate any reproduced light from the hologram, the phase
object to be identified can be identified as having no correla55 tion with the known phase object, or if reproduced light is
generated, the phase object to be identified can be identified
as having a correlation with the known phase object. Furthermore, the detection of the intensity of reproduced light also
allows the degree of correlation to be identified. Other advan60 tageous effects of the phase object identification device and
method for identifying a phase object according to the present
invention will be described in the following embodiments.
10
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[FIG. 1] (A) a pattern diagram for explaining the basic
principle for a phase object identification device and method
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according to the present invention; and (B) a pattern diagram
in the holding means. While the sample 31 may be directly
held in the sample holding means 3, the sample 31 in an aid
for explaining the basic principle for a recording device and a
such as a container or a mounting device may be held in the
method.
sample holding means 3. For example, a microplate orprepra[FIG. 2] a configuration diagram schematically illustrating
an embodiment of a phase object identification device accord- 5 tion with the sample 31 therein may be held in the sample
holding means 3.
ing to the present invention which is also available as a recordThe phase object 31 to be identified may be any phase
ing device.
object which at least changes the phase of light, which may or
[FIG. 3] (A) a diagram illustrating an example of a mask
may not change the intensity of light. For example, biological
shape for forming the profile of sample light; (B) a diagram
illustrating an example of a mask shape for forming the pro- io cells, bacteria, gratings, waveguides, microscopic steps at the
surfaces of objects, structure of the same color, etc. can be
file of object light and the intensity pattern of reference light;
used as the phase object 31 to be identified. In addition, the
and (C) a diagram illustrating an example of an aperture
phase object 31 to be identified is not to be considered limited
shape.
to solids, and encompasses, for example, orientation struc[FIG. 4] (A) a cross-sectional view of a sample holding
means for recording; (B) a plan view of FIG. 4(A); and (C) a 15 tures of liquid crystals, and the like.
The sample holding means 3 and the sample 31 held therein
cross-sectional view of a sample holding means for identifiserve as a sample light production means for modulating at
cation.
least the phase of the light 21 emitted from the light source 2
[FIG. 5] (A) to (D) diagrams illustrating examples of
to produce sample light 22. While the sample 31 is a phase
sample conveying means.
[FIG. 6] a configuration diagram schematically illustrating 20 object for modulating at least the phase of light, the phase
object may further modulate the intensity of light. As shown
a recording device which also function as a phase object
in FIG. 1(A), in the case of a transmission-type sample light
identification device.
production means which transmits the light 21 from the light
[FIG. 7] diagrams illustrating phase patterns in a display
source through the sample 31 and the sample holding means
region of a phase spatial light modulator.
[FIG. 8] a diagram showing the results of detecting repro- 25 3 to produce the sample light 22, at least a region of the
sample holding means 3 in which the sample 31 is located
duced light reproduced from holograms A to D.
needs to be configured so as not to block light. For example,
[FIG. 9] a diagram showing the results of detecting reproa transparent material may be used for the region of the
duced light reproduced from holograms 0 to 2~t.
sample holding means 3 in which the sample 31 is located, or
BEST MODE FOR CARRYING OUT THE
30 the sample 31 placed in a transparent container or mounting
INVENTION
device may be held by the sample holding means 3 with an
opening in the region of the sample holding means 3 in which
While embodiments of the present invention will be
the sample 31 is located. The sample holding means 3 in such
described below with reference to the drawings, the present
a transmission-type sample light production means can be
invention is not to be considered limited to the following 35 used as a mask for producing object light 24 and reference
examples. FIG. 1(A) is a pattern diagram for explaining the
light 25 in the recording device 6 described later. It is to be
basic principle for a phase object identification device and
noted that in the case of preparing a reflection-type sample
method according to the present invention. In FIG. 1(A), a
light production means, the surface of the sample holding
phase object identification device 1 includes a light source 2,
means 3 is made with a mirror surface in such a way that light
a sample holding means 3 in which a phase object 31 (here- 40 transmitting through the sample 31 is reflected to produce
inafter, also referred to as a sample) to be identified is held, a
sample light 22. The case of a reflection-type sample light
holographic recording medium 4 on which a hologram 41 is
production means requires an optical system such as a beam
recorded, and a light detector 5. Further, FIG. 1(B) is a pattern
splitter for separating the light 21 from the light source for
diagram for explaining the basic principle for a recording
irradiating the sample holding means 3 and the sample light
device 6 and a method for recording the hologram 41 on the 45 22.
holographic recording medium 4 in the phase object identiOn the holographic recording medium 4, the hologram 41
fication device 1. It is to be noted that various types of lenses
is recorded which is formed by interference between referin the specification include both single lenses and lens groups
ence light 25 and objet light 24 that is phase-modulated by a
of multiple lenses combined.
known phase object (see FIG. 1(B) for the object light 24 and
The light source 2 emits coherent light in phase, and it is 50 the reference light 25). The holographic recording medium 4
preferable to use a laser light source as the light source 2.
may be a transmission-type or reflection-type holographic
Light 21 emitted from the light source 2 is processed by an
recording medium, and FIG. 1(A) shows a transmission-type
optical system, not shown, into a plane wave which has a
holographic recording medium. The holographic recording
larger cross section than the sample 31.
medium 4 in FIG. 1(A) has a structure of a hologram recordThe sample holding means 3 is provided to place the 55 ing layer 43 interposed between a pair of light-transmitting
sample 31 in the phase object identification device 1, and as
substrates 42 and 44. In the case of preparing a reflection-type
the sample holding means 3, various types of holding means
holographic recording medium, a reflective layer may be
can be selected depending on the sample 31. For example, the
provided on the rear side from the hologram recording layer
sample 31 may be simply placed on the sample holding means
43 while the light incidence side of the holographic recording
3, or may be fixed to the sample holding means 3 with vacuum 60 medium is used as a front surface. For example, when a
adsorption, a fixation device, or the like. In order to reduce the
reflective layer is provided on the front surface or rear surface
attachment of dirt and dust, the fixed sample 31 is preferably
of the substrate 44, a reflection-type holographic recording
arranged in a vertical direction, or placed on the undersurface
medium can be prepared.
of the sample holding means 3. In addition, the sample 31
The known phase object refers to a phase object which has
may be secured with a clip or the like, or in the case of the 65 at least some information or characteristics identified. For
sample 31 in the form of a thin piece, a structure can be
example, known phase objects include phase objects and
adopted in which the sample 31 is inserted into a slit provided
phase patterns with their phase modulation patterns identi-
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lied, biological cells and bacteria with their names identified,
object. Furthermore, the detection of the intensity of the
biological cells and bacteria with their active reactions idenreproduced light also allows the degree of correlation to be
tified, phase patterns of cell nuclei, specimens of phase
identified.
objects (products with microscopic steps and structures of the
For example, even in the case of only identifying the pressame color) within standards (within dimension tolerances), 5 ence or absence of any correlation, the use of a known bioand gratings with their intervals identified.
logical cell or bacterium with a cell nucleus as the known
When the hologram 41 of the holographic recording
phase object and the use of a collected and cultured biological
medium 4 is irradiated with the sample light 22, reproduced
cell or bacterium as the phase object to be identified makes it
light 23 is reproduced depending on the degree of interference
possible to utilize the identification of the presence or absence
between the sample light 22 and hologram 41. The repro- io of correlation for an examination for identifying whether or
duced light 23 refers to light corresponding to the reference
not the collected and cultured biological cell or bacterium has
light 25 emitted when the hologram 41 is recorded. The
a cell nucleus. In addition, the identification with the use of a
cross-sectional shape and travelling direction of the reference
specimen within standards as the known phase object and
light 25 is reflected on the cross-sectional shape and travelling
with the use of a produced product as the phase object to be
direction of the reproduced light 23. The degree of interfer- 15 identified makes it possible to identify whether or not the
ence corresponds to a correlation value (the degree of simiproduced product corresponds to the standards. For example,
larity) between the known phase object with the object light
the identification can be utilized for examinations on errors in
for recording the hologram 41 and the sample 31 which is a
diffraction grating period of grating elements and on the
phase object to be identified. Therefore, when the sample 31
three-dimensional shapes of structures of the same color. In
is the same as the known phase object, the correlation value is 20 these examinations, the sample holding means 3 is preferably
the maximum because of autocorrelation, and intense reproprovided with a sample conveying means for sequentially
duced light is reproduced. When the sample 31 is different
conveying the samples 31 to the sample holding means 3 in
from but similar to the known phase object, reproduced light
order to examine a large number of samples continuously.
is reproduced which has an intensity depending on the degree
In addition, multiple holograms 41 are irradiated with the
of similarity. Furthermore, when the sample 31 is completely 25 sample light 22 to identify the presence or absence of corredifferent from the known phase object, reproduced light is not
lation with multiple known phase objects, thereby allowing
reproduced. It is to be noted that the sample light 22 transthe sample 31 to be specified. In order to irradiate the multiple
mitting through the holographic recording medium 4 (indiholograms 41 with the sample light 22, it is more preferable to
cated by a dotted line in FIG. 1(A)) is blocked or separated
record, on the holographic recording medium 4, multiple
from the reproduced light 23 by a mask not shown or an so holograms 41 formed with the use of multiple known phase
optical system for separation so as not to reach the light
objects and provide a irradiated position shifting means for
detector 5.
shifting the position irradiated with the sample light 22 in the
The light detector 5 is provided to detect the reproduced
holographic recording medium 4, while the holographic
light 23 reproduced from the hologram 41 of the holographic
recording medium 4 itself may be replaced with another
recording medium 4, which can preferably detects the light 35 holographic recording medium 4 on which a hologram 41 is
intensity. As the light detector 5, highly sensitive light detecrecorded and irradiated with the sample light 22.
tion elements such as photomultiplier tubes (PMT) and avaWhile the irradiated position shifting means includes a
lanche photo diodes, and inexpensive small-sized semiconsystem of shifting the sample light 22, a system of shifting the
ductor detectors, for example, PIN photodiodes, CMOS
holographic recording medium 4, and a system of shifting
sensors, and CCD sensors, etc. can be used. When the cross- 4o both the sample light 22 and the holographic recording
sectional shape of the reproduced light 23 is smaller than the
medium 4, the system of fixing the sample light 22 and
light receiving region of the light detector 5, the light detector
shifting the holographic recording medium 4 is preferable in
including one light detection element can directly be used. On
order to prevent the position of the optical system from getthe other hand, when the cross-sectional shape of the reproting out of alignment due to vibrations, etc. associated with
duced light 23 is larger than the light receiving region of the 45 shifting. For example, the holographic recording medium 4
light detector 5, the light detector including one light detecmay be shifted with the use of a XY stage in planar directions
tion element can be used by light collection through a collectorthogonal to the optical axis, or the holographic recording
ing lens. In addition, the light detector 5 including multiple
medium 4 may be rotated with the use of a motor.
light detection elements can be used, and in such a case, the
The recording device 6 in FIG. 1(B) is intended to produce
light intensity of the reproduced light can also be detected by 50 the holographic recording medium 4 for use in the phase
obtaining the sum of the intensities from all of the light
object identification device 1, which irradiates the holodetection elements. Even when the cross-sectional shape of
graphic recording medium 4 with the object light 24 and the
the reproduced light 23 is smaller than the light receiving
reference light 25 and records, on the holographic recording
region of the light detector 5, the use of a collecting lens can
medium 4, the hologram 41 formed by interference between
improve the reliability. It is to be noted that the cross-sectional 55 the object light 24 and the reference light 25. The hologram 41
shape of the reproduced light 23 is determined by the crossherein recorded on the holographic recording medium 4 in the
sectional shape of the reference light for recording.
recording device 6 has to interfere with the sample light 22 to
As described above, the detection of the presence or
generate the reproduced light 23 in the phase object identifiabsence of the reproduced light 23 can identify whether or not
cation device 1. For this purpose, it is necessary to irradiate
the phase object 31 to be identified is correlated with the 60 the holographic recording medium 4 with the object light 24
known phase object. More specifically, unless any reprowhich has the same wavelength as the sample light 22 under
duced light is reproduced from the hologram irradiated with
the same irradiation conditions (incidence angle, magnificathe sample light under the same condition as in the case of
tion ratio, focal point). As the simplest approach, the configurecording, the phase object to be identified can be identified as
ration of the phase object identification device 1 for generathaving no correlation with the known phase object. If repro- 65 ing the sample light 22 and irradiating the holographic
duced light is generated, the phase object to be identified can
recording medium 4 with the sample light 22 may be conbe identified as having a correlation with the known phase
formed to the configuration of the recording device 6 for
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generating the object light 24 and irradiating the holographic
can be added in response to desired effects. For example, it is
recording medium 4 with the object light 24. This approach
preferable to record a Fourier image of the known phase
means that a device can be produced which has the both
object 32 as the hologram 41, rather than recording a real
functions of the phase object identification device 1 and the
image of the known phase object 32. For this purpose, an
recording device 6. However, the light detector 5 for detecting 5 objective lens arranged so that real images of the sample light
reproduced light is separately required for the phase object
22 and the object light 24 are located on the incident pupil
identification device 1, whereas a reference light generation
plane may be adopted in such a way that the objective lens is
means for generating reference light is separately required for
used to irradiate the holographic recording mediums with the
the recording device 6. In this specification, the descriptions
sample light 22 and the object light 24. The Fourier image is
of the respective configurations of the phase object identifi- io not the shape of a phase pattern, but the spatial frequency
cation device 1 or the recording device 6 are basically incordistribution of a phase pattern, and thus allows tendency
porated in the description of the common configuration of the
correlation of a pattern to be identified, rather than simple
other device.
shape correlation.
The recording device 6 in FIG. 1(B) uses the same conIn addition, it is also preferable to include an observation
figuration (denoted by the same reference numerals) as the 15 optical system for observing the sample 31 and the known
configuration in FIG. 1(A) for generating the sample light 22
phase object 32. Furthermore, in order to identify multiple
and irradiating the holographic recording medium 4 with the
samples continuously, the sample holding means 3 preferably
sample light 22 in the same arrangement. More specifically,
includes a sample conveying means for sequentially conveythe recording device 6 in FIG. 1(B) includes the light source
ing the multiple samples 31.
2, the sample holding means 3, and the holographic recording 20
FIG. 2 is a configuration diagram schematically illustrating
medium 4. However, in the recording device 6, the sample
an embodiment of a phase object identification device 1
holding means 3 holds a known phase object 32, and the
which is also available as a recording device 6 for recording a
sample holding means 3 and the known phase object 32 serve
hologram 41 with the use of a collinear optical system. The
as an object light generation means for generating the object
phase object identification device 1 in FIG. 2 further includes
light 24 with the use of light 21 from the light source 2. In 25 an observation optical system 7 and an image sensor 71 for
addition, the holographic recording medium 4 is irradiated
observation for observing a sample or a known phase object
with the reference light 25 generated by a reference light
(hereinafter, the sample and the known phase object are colgeneration means, not shown. The hologram formed by interlectively referred to as "a sample and the like"). It is to be
ference between the object light 24 and the reference light 25
noted that a reflection-type holographic recording medium 4
can cause a photoreaction of a photosensitive material in the 30 is used in the phase object identification device 1 in FIG. 2.
hologram recording layer 43 and set the hologram 41 in the
The phase object identification device 1 includes an optical
hologram recording layer 43.
system for generating sample light, irradiating the holoIn the case of recording multiple holograms 41 on the
graphic recording medium 4 with the sample light, and
holographic recording medium 4, the irradiated position
detecting reproduced light, in addition to a light source 2, a
shifting means may be used to shift the positions irradiated 35 sample holding means 3, a holographic recording medium 4,
with the object light 24 and the reference light 25 in the
and a light detector 5, and the optical system also includes the
holographic recording medium and irradiate other positions
observation optical system 7 for observing a sample and the
with object light 24 formed by another known phase object 32
like. The optical system includes a beam shaping optical
and reference light 25 to record another hologram 41.
system 51, a pair of mirrors 52, a sample-side objective lens
As the object light generation means, a phase spatial light 40 53, an imaging lens 54, a beam splitter 55, a mask 56, a
modulator can also be used, besides the method of using the
polarization beam splitter 57, a first relay lens 58, a second
known phase object 32. As the phase spatial light modulator,
relay lens 59, a quarter wavelength plate 60, an objective lens
for example, a phase-modulation type liquid crystal display
61, an aperture 62, and a collecting lens 63.
device can be adopted, on which a phase pattern of a known
The light source 2 serves as a light source for object light
phase object may be displayed. In the case of using the phase 45 and reference light for recording a hologram, and also serves
spatial light modulator, simply changing the display on the
as a light source for sample light for identifying a sample 31.
phase spatial light modulator can preferably generate another
Furthermore, in FIG. 2, the sample light 2 is also used as a
object light when multiple holograms 41 are to be recorded.
light source for observing a sample and the like in the obserWhile the reference light generation means preferably genvation optical system 7. However, it is preferable to separately
erates the reference light 25 with the use of light 11 from the 50 prepare a light source which is suitable for observation, rather
light source 1, light from other light source may be used
than the light source 2, as the light source for the observation
which interferes with the object light 24. The holographic
optical system. As the light source 2, for example, a YVO4
recording medium 4 is irradiated with the reference light 25
laser of 532 nm can be used. It is to be noted that as the light
so as to intersect with the object light 24. For the reference
source 2, light is selected which has a wavelength to which a
light, divergent light in a smaller region as compared with the 55 photosensitive material in a hologram recording layer 43 of
object light and a bundle of spatially separated multiple rays
the holographic recording medium 4 is sensitive.
can be used. While a two-beam interference type optical
The beam shaping optical system 51 is provided, if necessystem can also be used in which the optical axis of the object
sary, for converting the shape of light emitted from the light
light 24 is different from the axis of the reference light 25, it
source 2, and for example, includes a collimator lens for
is preferable to record the hologram 41 with the use of a 60 processing divergent light into parallel light, and a beam
collinear optical system. The collinear optical system will be
expander for increasing the apertures of beams.
described in detail with reference to FIG. 2.
The pair of mirrors 52 is provided to direct the travelling
While the present invention has been described with referdirection of light emitted from the light source 2 to a sample
ence to the minimum required configurations in FIGS. 1(A)
and the like. In FIG. 2, the pair of mirrors 52 changes the
and 1(B) in order to explain the basic principle, the present 65 travelling direction of light emitted from the light source 2 by
invention is not to be considered limited to devices which
1800 to reduce the size of the device. The means for directing
have only the configurations, and even more configurations
the travelling direction of light to a sample and the like is not
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to be considered limited to the configuration of the pair of
image sensor 71 for observation, the accuracy of identificamirrors 52, and an appropriate configuration is adopted as the
tion can be improved dramatically. In addition, when the
means, depending on the configuration of the optical system.
observation optical system 7 is used to adjust the magnificaFor example, prisms, deflection elements, and the like can
tion ratio for the sample and the like, the size of the phase
also be used instead of mirrors, or if the travelling direction of 5 object to serve as a basis for the object light and the sample
light emitted from the light source 2 is directly directed to a
light can be standardized. The observation optical system 7
sample and the like, the means for directing the travelling
forms, in the position 33, the same image as the image formed
direction of light to a sample and the like is never necessary.
on the light receiving surface of the image sensor 71 for
The sample holding means 3 is provided to hold a sample
observation, and the holographic recording medium 4 is irraand the like. In FIG. 2, the sample holding means 3 has an io diated with the image in the position 33 as sample light and
opening for a region to be irradiated with light, and the sample
object light. When the image in the position 33 (the image
31 is held in the opening region. In the phase object identifiobserved by the image sensor 71 for observation) is formed to
cation device 1 in FIG. 2, the sample and the like held in the
have the same size, the difference in size between a sample
sample holding means 3 can be observed by the observation
and the like can be corrected.
optical system 7 and the image sensor 71 for observation.
15
It is possible to utilize the configurations of conventional
The observation optical system 7 is intended to form an
optical microscopes for the observation optical system 7, the
image of a sample and the like on a light receiving surface of
sample holding means 3, the focusing means 36, the sample
the image sensor 71 for observation and a plane 33 (the
positioning means 37, and the image sensor 71 for observaposition in which the mask 56 is placed) conjugate to the light
tion, which are provided to observe the sample 31 and the like.
receiving surface, and an incident pupil plane 35 of an objec- 20 Since the observation in a bright field is difficult when the
tive lens, and it is possible for the observation optical system
intensity of light is not modulated by the sample and the like
7 to use optical systems of various types of microscopes. In
or when the difference in intensity is small, it is preferable to
FIG. 2, the observation optical system 7 includes the sampleadopt observation in a dark field or a configuration in which
side objective lens 53 and the imaging lens 54, which allows
the observation is possible even with the use of a phasea sample and the like to be observed in a bright field. In the 25 contrast microscope or a differential interference microcase of a small sample and the like, the sample-side objective
scope.
lens 53 and the imaging lens 54 can preferably enlarge an
The beam splitter 55 is an optical element which partially
image of a sample and the like. In addition, for the samplereflects incident light and transmits the other of the incident
side objective lens 53, multiple lenses which are different in
light, and splits light from a sample and the like to generate
magnification ratio can be preferably switched in order to 30 light directed to the image sensor 71 for observation and light
make the observation easier. Furthermore, an eyepiece for
directed to the holographic recording medium 4. The beam
observation by the naked eye may be provided in combination
splitter 55, which divides light, may be provided with an
with the imaging lens 54 or instead of the imaging lens 54.
optical element for switching the travelling direction of light.
Furthermore, in the case of including the observation optiFor example, a movable mirror can be provided instead of the
cal system 7 as shown in FIG. 2, the sample holding means 3 35 beam splitter 55, in such a way that light from a sample and
preferably includes a focusing means 36 for adjusting the
the like can be reflected toward the image sensor 71 for
focal points of a sample and the like and/or a sample posiobservation in the case of observing a sample and the like, and
tioning means 37 for adjusting the positions of a sample and
the mirror can also be moved out of the optical axis to direct
the like. The focusing means 36 is a means for shifting the
light from the sample and the like toward the holographic
phase object (sample 31) to be identified and the known phase 4o recording medium 4 in the case of identifying the sample and
object 32 in the direction of the optical axis, which is provided
the like.
to form an image of a sample and the like on imaging planes
The mask 56 is arranged on the imaging plane on which an
(the light receiving surface of the image sensor 71, the posiimage of the sample and the like is formed by the observation
tion 33, and the position 35). The focusing means 36 is used
optical system 7 or in the position of the sample holding
to shift the sample 31 and the like manually or electrically in 45 means. For identification, a mask is arranged for forming the
the direction of the optical axis (Z axis direction). In addition,
profile of sample light, and for recording, another mask is
the sample positioning means 37 is a means for shifting the
arranged for forming the profile of object light and producing
phase object (sample 31) to be identified and the known phase
the intensity pattern of reference light. The mask 56 may be
object 32 in the planar directions orthogonal to the optical
arranged in the position of the sample and the like (that is, the
axis, which is provided to place the sample 31 and the like in 50 sample holding means 3) or on other imaging plane (the
the field for observation. The sample positioning means 37 is
incident pupil plane 35 of the objective lens), rather than in
used to shift the sample 31 and the like manually or electrithe position 33. For example, the profile of the sample light,
cally in the planar directions (X axis direction and Y axis
the profile of the object light, and the intensity pattern of
direction) orthogonal to the optical axis. Various types of
reference light may be formed with the opening of the sample
moving mechanism can be used as the focusing means 36 and 55 holding means 3 as the mask 56, or the mask 56 may be
the sample positioning means 37, and for example, a XYZ
arranged on the incident pupil plane 35 of the objective lens.
driven stage or the like can be used which includes an adjustIt is to be noted that the generation of the sample light and
ing mechanism for slight movements.
object light themselves is achieved by being modulated by the
As the image sensor 71 for observation, CCDs and CMOS
sample and the like, whereas the mask 56 is provided to form
sensors can be used. The image sensor 71 for observation is 60 the profiles of the sample light and object light.
connected to a monitor or a recording medium, not shown, so
FIG. 3(A) is an example of a mask 56 for forming the
that images acquired by the image sensor 71 for observation,
profile of sample light in the case of identification, and FIG.
can be displayed on the monitor or recorded on the recording
3(B) is an example of a mask 56 for producing the profile of
medium. When the focusing means 36 and the sample posiobject light and the intensity pattern of reference light in the
tioning means 37 are used to make an adjustment so that an 65 case of recording. In FIG. 3(A), the mask 56 has a circular
image of a sample and the like is formed on the center of the
opening 56a provided in the center, and light can be transmitoptical axis while observing the sample and the like by the
ted through the mask 56 to form the profile of the sample light
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into a circular shape. In FIG. 3(B), the mask 56 has a circular
sample light, object light, and reference light, the imaging
opening 56b provided in the center, and twelve small circular
optical systems 53, 54, 58, and 59 are used to form an image
openings 56c provided in a radial fashion around the circular
of a sample and the like or the intensity pattern of reference
opening 56b, and light can be transmitted through the opening
light onto the incident pupil plane 35 of the objective lens 61.
56b and the openings 56c respectively to form the profile of 5
The holographic recording medium 4 in FIG. 2 has a reflecthe object light into a circular shape and generate reference
tion-type structure of a hologram recording layer 43 interlight arranged in a pattern composed of twelve small circular
posed between a transparent substrate 42 and a substrate 44
shapes arranged in a radial fashion around the object light.
with a reflective layer. When the phase object identification
The mask 56 is formed from a material which is able to block
device 1 functions as the recording device 6, the holographic
light from the light source 2. It is to be noted that the mask for io recording medium 4 is irradiated with object light and referrecording and the mask for identification may be switched by
ence light to record the hologram 41 on the hologram recordflip of a switch, or the openings 56c may be provided with a
ing layer 43. Alternatively, when the phase object identificashutter to close the shutter for identification.
tion device 1 identifies a phase object, the holographic
The polarization beam splitter 57 is provided to transmit
recording medium 4 is irradiated with sample light, and the
one of mutually orthogonal polarization directions and 15 sample light is emitted from the incidence plane side of the
reflects the other, and provided along with the quarter waveholographic recording medium 4, along with reproduced
length plate 60 in order to separate sample light, object light,
light reproduced from the hologram 41.
and reference light toward the holographic recording medium
The holographic recording medium 4 is held on a recording
4 from reproduced light reproduced from the holographic
medium shifting means 45 for shifting the holographic
recording medium 4. In FIG. 2, the polarization beam splitter 20 recording medium 4. The recording medium shifting means
57 transmits the sample light, object light, and reference light
45 is able to shift or rotate the holographic recording medium
toward the holographic recording medium 4, and reflects the
4 in directions orthogonal to the optical axis, in such a way
reproduced light reproduced from the holographic recording
that the positions irradiated with sample light, object light,
medium 4 toward the light detector 5. Depending on the
and reference light in the holographic recording medium 4
configuration of the optical system, the polarization beam 25 can be shifted to record multiple holograms on the holosplitter 57 may be configured so as to reflect the sample light,
graphic recording medium 4 and optical correlation can be
object light, and reference light toward the holographic
calculated between the multiple holograms 41 on the holorecording medium 4 and transmit the reproduced light toward
graphic recording medium 4 and sample light.
the light detector 5.
The aperture 62 has an opening which blocks sample light
The first relay lens 58 and the second relay lens 59 are an so reflected by the reflection-type holographic recording
example of an optical system for forming an image of a
medium 4 and transmits only reproduced light reproduced
sample and the like formed in the position 33 onto the incident
from the holographic recording medium 4 to the light detector
pupil plane 35 of the objective lens 61. The first relay lens 58
5. The aperture 62 is placed between the polarization beam
is arranged so that the interval from the position 33 to the first
splitter 57 and the collecting lens 63, and preferably placed in
relay lens 58 and the interval from the first relay lens 58 to a 35 the imaging plane of sample light, for example, the focal
Fourier plane 34 correspond to the focal length of the first
plane of the first relay lens 58 (the position conjugate to the
relay lens 58. In addition, the second relay lens 59 is arranged
position 33) in order to reduce noises caused by diffracted
so that the interval from the Fourier plane 34 to the second
light of the sample light. FIG. 3(C) is an example of the
relay lens 59 and the interval from the second relay lens 59 to
aperture 62, in which twelve small circular openings 62a
the incident pupil plane 35 correspond to the focal length of 4o arranged in a radial fashion are provided which correspond to
the second relay lens 59. The optical system is not to be
the openings 56c in the mask 56 for recording shown in FIG.
considered limited to the configuration of the first and second
3(B).
relay lenses 58 and 59, and various imaging optical systems
The collecting lens 63 is provided to collect reproduced
can be used.
light into the light receiving region of the light detector 5, and
The quarter wavelength plate 60 is provided to convert 45 believed to be available even for a light detector 5 including
linearly polarized light into circularly polarized light. Light
one light detection element.
can be transmitted through the quarter wavelength plate 60
The light detector 5 is intended to detect the light intensity
twice to rotate linearly polarized light by 90 degrees. Reproof reproduced light reproduced from the holographic recordduced light reproduced from the hologram 41 by sample light
ing medium 4. Since the reproduced light is collected by the
irradiation corresponds to reference light for recording. The 50 collecting lens 63 into a small region, a light detector 5
reference light has been once transmitted through the quarter
including one light detection element can also be used.
wavelength plate 60 when the hologram 41 is to be recorded,
Next, the operation for each processing in the phase object
thus, the transmission of the reference light through the quaridentification device 1 in FIG. 2 will be briefly described.
ter wavelength plate 60 again results in linearly polarized
First, in the case of observing a sample and the like, light
light in a polarization direction which is orthogonal as com- 55 emitted from the light source 2 is shaped by the beam shaping
pared with the reference light before the transmission through
optical system 51 to provide a required aperture and parallel
the quarter wavelength plate 60 for recording, and the linearly
light, reflected by the pair of mirrors 52 to irradiate the sample
polarized light can be separated by the polarization beam
and the like, passed through the sample-side objective lens 53
splitter 57.
and the imaging lens 54, and reflected by the beam splitter 55
The objective lens 61 is provided to apply Fourier trans- 60 to reach the image sensor 71 for observation. An image of the
formation to sample light, object light, and reference light and
sample and the like is formed on the light-receiving surface of
irradiate the holographic recording medium 4 with the sample
the image sensor 71 for observation by the sample-side obj eclight, object light, and reference light. In addition, when the
tive lens 53 and the imaging lens 54. Then, the sample posireflection-type holographic recording medium 4 is used as
tioning means 37 is used to adjust the position of the image
shown in FIG. 2, the objective lens 61 forms an image of 65 and the like so that an image of the sample and the like is
reproduced light reproduced from the hologram 41 onto an
arranged in the center in the light-receiving surface of the
exit pupil plane. In order to apply Fourier transformation to
image sensor 71 for observation, whereas the focusing means
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36 is used to make an adjustment so that an image of the
sample 31 can be identified as a phase object which is coinsample and the like is brought into focus on the light-receivcident with or similar to the known phase object for recording
ing surface. With the sample and the like observed as
of the hologram 41 reproducing the reproduced light. Alterdescribed, the image of the sample and the like is also
natively, when reproduced light exceeding the threshold
arranged in the center in the imaging plane 33, and brought 5 value is not detected, the sample 31 can be identified as a
into focus, and the reliability in identification and the uniforphase object which is not coincident with or similar to the
mity in recording can be kept by continuously carrying out the
known phase object recorded as the hologram 41 on the
processing for identification and the processing for recording.
holographic recording medium 4. Further, when the intensiIn the case of identifying the sample 31 by the phase object
ties of reproduced light from multiple holograms exceed the
identification device 1 in FIG. 2, light emitted from the light io threshold value, the reproduced light of the highest light
source 2 is shaped by the beam shaping optical system 51 to
intensity is preferably output first as an identification result of
provide a required aperture and parallel light, and reflected by
similarity.
the pair of mirrors 52 to irradiate the sample 31. At least the
In the case of recording a known phase object by the phase
phase of the light is spatially modulated by the sample 31, and
object identification device 1 in FIG. 2, the sample holding
an image of the sample 31 is formed in the position 33 by the 15 means 3 holds the known phase object. Light emitted from the
sample-side objective lens 53 and the imaging lens 54. The
light source 2 is shaped by the beam shaping optical system
mask 56 in FIG. 3(A) is placed in the position 33, which
51 to provide a required aperture and parallel light, and
produces sample light with a circular profile. Then, the
reflected by the pair of mirrors 52 to irradiate the known phase
sample light is transmitted through the polarization beam
object. At least the phase of the light is spatially modulated by
splitter 57, formed into an image on the incident pupil plane 20 the known phase object, and an image of the known phase
of the objective lens 61 by the first and second relay lenses 58
object is formed in the position 33 by the sample-side objecand 59, converted by the quarter wavelength plate 60 into
tive lens 53 and the imaging lens 54. The mask 56 in FIG. 3(B)
circularly polarized light, and subjected to Fourier transforis placed in the position 33, which produces object light with
mation by the objective lens 61 to irradiate the hologram 41
a circular profile and twelve small circular rays of reference
recorded on the hologram recording layer 43 of the holo- 25 light arranged around the object light. Then, the object light
graphic recording medium 4. As a result, the interference
and reference light is transmitted through the polarization
between the hologram 41 and the sample light reproduces
beam splitter 57, formed into an image on the incident pupil
reproduced light corresponding to reference light for recordplane of the objective lens 61 by the first and second relay
ing if there is a correlation between the hologram 41 and the
lenses 58 and 59, converted by the quarter wavelength plate
sample light.
so 60 into circularly polarized light, and subjected to Fourier
The sample light and reproduced light reflected by the
transformation by the objective lens 61 to irradiate the holoreflective layer is emitted from the holographic recording
gram recording layer 43 of the holographic recording
medium 4, and passed through the objective lens 61, the
medium 4. As a result, a hologram 41 formed by interference
quarter wavelength plate 60, the second relay lens 59, and the
between the object light and the reference light is recorded on
first relay lens 58 in the direction opposite to the direction for 35 the hologram recording layer 43 of the holographic recording
irradiation to enter the polarization beam splitter 57. The
medium 4.
reproduced light corresponds to reference light for recording,
FIG. 4 is modification examples of the sample holding
and the reference light is passed through the quarter wavemeans 3, in which the function of the mask 56 is added to the
length plate 60 for conversion into circularly polarized light
sample holding means 56. FIG. 4(A) is a cross-sectional view
when the holographic recording medium 4 is irradiated with 40 of the sample holding means 3 for recording, FIG. 4(B) is a
the reference light. Thus, the light as reproduced light is again
plan view of FIG. 4(A), and FIG. 4(C) is a cross-sectional
passed through the quarter wavelength plate 60 to convert the
view of the sample holding means 3 for identification. In FIG.
reproduced light into linearly polarized light in a polarization
4(A), the sample holding means 3 includes a pair of lightdirection orthogonal to the reference light. Therefore, the
blocking plate-like members 3a and 3b, slide glass 38a and
reproduced light is reflected by the polarization beam splitter 45 cover glass 38b with a known phase substance 32 interposed
57 which transmits the reference light, passed through the
therebetween are arranged between the pair of plate-like
aperture 62, and collected by the collecting lens 63 into the
members 3a and 3b, and clips 3c clip the pair of plate-like
light detector 5. It is to be noted that the sample light reflected
members 3a and 3b to hold the known phase substance 32 via
by the reflective layer is emitted from the holographic recordthe slide glass 38a and the cover glass 38b . The pair of
ing medium 4, passed through the optical systems in the same 50 plate-like members 3a and 3b is provided with openings 56b
way as the reproduced light, and reflected by the polarization
and 56c as shown in FIG. 4(B). It is to be noted that FIG. 4(A)
beam splitter 57, but blocked by the aperture 62.
is a cross section of FIG. 4(B) along the like A-A, and the
Furthermore, in order to use multiple holograms 41 for
opening sections are indicated by dotted lines in FIG. 4(A). In
identification, the holographic recording medium 4 is shifted
the region of the circular opening 56b in the center, the known
or rotated by the recording medium shifting means 45 while 55 phase substance 32 is placed which modulates the phase of
irradiating with sample light in a continuous or pulsed way.
light from the light source to generate object light. In addition,
Then, the multiple hologram 41 recorded on the holographic
the openings 56c arranged in a radial fashion around the
recording medium 4 can be irradiated with the sample light in
circular opening 56b generate reference light arranged in a
a continuous or intermittent way, and reproduced light can be
pattern composed of twelve small circular shapes arranged in
also detected in a continuous or intermittent way.
6o a radial fashion around the object light. In the configuration of
The light intensity of the reproduced light varies according
FIG. 4(A), the transparent aids (including colored transparent
to the correlation value (the degree of similarity) between the
aids) such as the slide glass 38a and the cover glass 38b
object light for recording the hologram 41 and the sample
enclosing the known phase substance 32 are present in both
light. The larger the value of the light intensity is, the more the
the opening 56b for generating object light and the openings
object light is similar to the sample light. Therefore, when the 65 56c for generating reference light. Thus, the changes in phase
light intensity of the reproduced light exceeds a threshold
and intensity caused by the aids can be cancelled to record
value determined in advance by experiment or the like, the
only changes in phase due to the known phase substance 32.
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For identification, as shown in FIG. 4(C), a phase object 31
Light emitted from the light source 81 is shaped into subto be identified is enclosed instead of the known phase object
stantially parallel light by the collimator lens 82, and reflected
32 between slide glass 38a and cover glass 38b, on which a
by the beam splitter 83 to enter the phase spatial light modupair of plate-like members 3a and 3b, and further, a lightlator 84. The phase spatial light modulator 84 including a
blocking member 3d provided with an opening 56a only in 5 plurality of pixels is able to change the phase of incident light
the center like the mask 56 in FIG. 3(A) are put, and clipped
for each pixel and spatially modulate the phase of light. FIG.
by clips 3c. The phase object 31 to be identified, which is
6 shows a reflection type in which a phase pattern input from
placed in the region of the opening 56a, can generate sample
the information processing device 85 is displayed on the
light with the use of light from the light source, without
phase spatial light modulator 84 which reflects incident light
generating reference light. It is to be noted that the intensity io while modulating the phase of the incident light in accorpattern of the reference light is not to be considered limited to
dance with the displayed phase pattern. As the phase spatial
the shape and number as in the case of the openings 56c in
light modulator 84, a parallel-aligned liquid crystal spatial
FIG. 3(B) and FIG. 4(B), as long as at least one opening
light modulator (PAL-SLM), etc. can be used.
generates reference light.
The light reflected by the phase spatial light modulator 84
When the sample holding means 3 is provided with a 15 has a phase modulated in accordance with the phase pattern
sample conveying means for sequentially conveying samples
input from the information processing device 85 as described
31, the identification of a large number of samples can be
above. Then, light transmitted through the beam splitter 83 is
carried out continuously. FIG. 5 is an example of the sample
transmitted by the first and second relay lenses 86 and 88 so
conveying means. FIGS. 5(A) and 5(B) are respectively a
that an image of the phase pattern is formed on the incident
cross-sectional view and a plan view of belt-conveyer-type 20 pupil plane of the objective lens 92. On the way, the light is
sample conveying means 39a and 39b, whereas FIGS. 5(C)
reflected to change the travelling direction by the mirror 87
and 5(D) are respectively a cross-sectional view and a plan
arranged in the focal position (Fourier plane) between the first
view of conveying-robot-arm-type sample conveying means
and second relay lenses 86 and 88. The mask 89 is provided to
40a and 40b. In FIGS. 5(A) and 5(B), the upper and lower
form the profile of object light 97 and the intensity pattern of
edges of samples 31 are held by parallel belt conveyers 39a 25 reference light 98, and preferably arranged on the incident
and 39b, and the samples 31 are sequentially conveyed down
pupil plane of the objective lens 92 and the imaging plane
the sample-side objective lens 53 by shifting the belt conveyformed by the first and second relay lenses 86 and 88. It is to
ers 39a and 39b. In FIGS. 5(A) and 5(B), the belt conveyers
be noted that if the short focal length of the objective lens 92
39a and 39b serve as both the sample holding means 3 and
makes it physically difficult to arrange the mask 89 on the
sample conveying means. It is to be noted that, although not 30 incident pupil plane in the configuration of FIG. 6, an imaging
shown in the figures, a conveying means for loading the
optical system, not shown, may be further incorporated to
samples 31 onto the belt conveyers 39a and 39b and a conarrange the mask 89 in a position conjugate to the incident
veying means for unloading the samples 31 on the belt conpupil plane. After that, the light is transmitted through the
veyers 39a and 39b are respectively provided on the right side
polarization beam splitter 90, converted by the quarter waveand left side of the belt conveyers 39a and 39b in FIG. 5.
3 5 length plate 91 into circularly polarized light, and subjected to
In FIGS. 5(C) and 5(D), conveying robot arms 40a and 40b
Fourier transformation by the objective lens 92 to irradiate a
each have a turnable pillar provided with a three-step arm unit
hologram recording layer 43 of the holographic recording
in a movable manner in the up-and-down direction and in an
medium 4. As a result, a hologram 41 formed by interference
extensible manner. The tip of the third arm section from the
between the object light 97 and the reference light 98 is
bottom is configured to be wide so that the samples 31 are 4o recorded on the hologram recording layer 43.
placed on the tip. The sample holding means 3 is provided
In addition, in the recording device 80 in FIG. 6, the phase
with a concave section 3e in the horizontal direction in the
pattern displayed on the phase spatial light modulator 84 is
figure, and the tips of the wide arm sections of the conveying
intended to change the phase of light, which can be said to be
robot arms 40a and 40b, on which the samples 31 are placed,
a kind of phase object. Then, when any phase pattern is
should be able to be inserted under the samples 31. The 45 displayed on the phase spatial light modulator 84 as a phase
conveying robot arm 40a is intended to convey the samples 31
object to be identified, the mask 89 can be changed to carry
to the sample holding means 3, whereas the conveying robot
out processing for identification with the use of the hologram
arm 40b is intended to carry the samples 31 out of the sample
41 recorded on the holographic recording medium 4. In this
holding means 3. It is to be noted that in FIG. 5(D), a window
case, the phase spatial light modulator 84 serves as a sample
56a of a light-transmitting member for transmitting light is 5o holding means.
provided under the sample 31 on the sample holding means 3
In the case of allowing the recording device 80 in FIG. 6 to
in such a way that the sample 31 is irradiated with light from
function as a phase object identification device, light emitted
the light source to enter the sample-side objective lens 53.
from the light source 81 is shaped into substantially parallel
FIG. 6 is an embodiment of a recording device 80 for
light by the collimator lens 82, and reflected by the beam
recording a hologram 41 on a holographic recording medium 55 splitter 83 to enter the phase spatial light modulator 84 which
4, in which a phase spatial light modulator is adopted as a part
reflects the light while modulating the phase of the light in
of an object light generation means, and the recording device
accordance with a phase pattern displayed on the phase spa80 also functions as a phase object identification device with
tial light modulator 84. The light reflected by the phase spatial
the addition of a configuration for detecting reproduced light.
light modulator 84 is transmitted through the beam splitter 83
The recording device 80 includes a light source 81, a colli- 6o and transmitted by the first and second relay lenses 86 and 88
mator lens 82, a beam splitter 83, a phase spatial light moduso that an image of the phase pattern is formed on the incident
lator 84, an information processing device 85, a first relay lens
pupil plane of the objective lens. On the way, the light is
86, a mirror 87, a second relay lens 88, a mask 89, a polarreflected to change the travelling direction by the mirror 87
ization beam splitter 90, a quarter wavelength plate 91, an
arranged in the focal position (Fourier plane) between the first
objective lens 92, an aperture 93, a mirror 94, a collecting lens 65 and second relay lenses 86 and 88. The mask 89 is provided to
95, and a light detector 96. FIG. 6 is also a case of a reflectionform the profile of the sample light, while light is blocked by
type holographic recording medium 4.
the opening for shaping the reference light 98 for recording.
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After that, the sample light is transmitted through the polarmodulation degree of t/2 and a diameter of 32 pixels in a
ization beam splitter 90, converted by the quarter wavelength
display region 100 and displays a circular pattern 102 with a
plate 91 into circularly polarized light, and subjected to Fouphase modulation degree of 7t and a diameter of 10 pixels in
rier transformation by the objective lens 92 to irradiate the
the center of the circular pattern 101. FIG. 7(C) displays a
hologram 41 recorded on a hologram recording layer 43 of the 5 circular pattern 101 with a phase modulation degree of t/2
holographic recording medium 4. As a result, the interference
and a diameter of 32 pixels in a display region 100 and
between the hologram 41 and the sample light reproduces
displays two circular patterns 102 with a phase modulation
reproduced light corresponding to the reference light for
degree of 7t and a diameter of 10 pixels in the center of the
recording.
circular pattern 101. FIG. 7(D) displays a circular pattern 101
The sample light and reproduced light reflected by the 10 with a phase modulation degree of t/2 and a diameter of 32
reflective layer is emitted from the holographic recording
pixels in a display region 100 and displays three circular
medium 4, and passed through the objective lens 92 and the
patterns 102 with a phase modulation degree of 7t and a
quarter wavelength plate 91 in the direction opposite to the
diameter of 10 pixels in the center of the circular pattern 101.
direction for irradiation to enter the polarization beam splitter
It is to be noted that FIG. 7(D) shows the phase modulation
90. The reproduced light corresponds to reference light for 15 degrees in a cross section along the line a-a and a cross section
recording, and the reference light is passed through the quaralong the line b-b on the right side. Hereinafter, the holograms
ter wavelength plate 91 for conversion into circularly polarin accordance with the phase patterns in FIGS. 7(A) to 7(D)
ized light when the holographic recording medium 4 is irraare respectively referred to as holograms A to D.
diated with the reference light. Thus, the light as reproduced
Next, in accordance with the phase pattern of the circular
light is again passed through the quarter wavelength plate 91 20 pattern 101 with a phase modulation degree of t/2 and a
to convert the reproduced light into linearly polarized light in
diameter of 32 pixels, which is displayed in the display region
a polarization direction orthogonal to the reference light.
100 in FIG. 7(A), the phase of light was modulated to generTherefore, the reproduced light is reflected by the polarizaate sample light, and the holograms A to D were each irradition beam splitter 90 which transmits the reference light. In
ated with the sample light. FIG. 8 shows the results of detectaddition, the reflected sample light is also passed through the 2 5 ing reproduced light reproduced from the holograms A to D,
quarter wavelength plate 91 twice, and thus reflected by the
where the vertical axis indicates a correlation value (the intenpolarization beam splitter 90. The reproduced light is passed
sity of reproduced light) in terms of arbitrary unit, normalized
through an opening of the aperture 93, whereas the sample
by a correlation value of autocorrelation, and the horizontal
light is blocked by the aperture 93. The reproduced light
axis indicates the respective holograms A to D. The hologram
reflected by the mirror 94 is collected by the collecting lens 95 30 A recorded with the use of the object light in accordance with
into the light detector 96. It is to be noted that while FIG. 6
the phase pattern in FIG. 7(A) is coincident with the sample
shows only one opening for shaping object light and only one
light, and thus has autocorrelation. The hologram B recorded
opening for shaping reference light as openings of the mask
in accordance with the phase pattern with the circular pattern
89 for the sake of convenience, reference light may have
102 displayed with a phase modulation degree of 7t and a
multiple intensity patterns.
35 diameter of 10 pixels in FIG. 7(B), has cross-correlation with
the phase pattern in FIG. 7(A) corresponding to the sample
EXAMPLE 1
light, but has a higher correlation value of 63 as compared
with the holograms C and D because of a small difference in
The device 80 in FIG. 6 was used to demonstrate the
phase pattern. The holograms C and D each have correlation
possibility of identifying phase objects. In this example, a 40 values 48 and 31, and it can be thus confirmed that the correNd:YV04 laser of 532 nm was used as the light source 81. As
lation value is decreased with increase in the difference (the
the mask 89, masks in the shapes shown in FIGS. 3(A) and
number of circular patterns 102 with a phase modulation
3(B) were used. More specifically, the mask for identification
degree of 7t and a diameter of 10 pixels) with respect to the
was a mask with a circular opening 56a in the center for
phase pattern in FIG. 7(A) corresponding to the sample light.
generating sample light, whereas the mask for recording was 45 This suggests that it is possible to identify the number of cells,
a mask with a circular opening 56b in the center for generatthe presence or absence of a cell nucleus, etc. in the phase
ing object light and with twelve small circular openings 56c
object identification device according to the present invenaround the circular opening 56b in a radial fashion for gention.
erating reference light. The openings 56a and 56b for the
profile of sample light or object light had a circular shape with 50
EXAMPLE 2
a diameter of 1 mm, whereas the openings 56c for generating
reference light had a circular shape with a diameter of 0.29
The device 80 in FIG. 6 was used to demonstrate the
mm. In addition, the objective lens 92 had NA of 0.55 and a
possibility of identifying phase objects in response to change
focal length of 4 mm.
in phase. The device in this example had the same conditions
First, four types of holograms 41 were recorded on the 55 as in Example 1. First, the phase was changed by t/4 from 0
holographic recording medium 4. Phase patterns in FIGS.
to 27t for all of the pixels in the display region of 32x32 pixels
7(A) to 7(D) were displayed on a display region of 32x32
of the phase spatial light modulator 84 to generate object light
pixels of the phase spatial light modulator 84 to generate
for each pixel, and record nine holograms by interference
object light for each phase pattern, and record holograms by
between the object light and the reference light. More speinterference between the object light and the reference light. 60 cifically, the object light in accordance with the phase patterns
FIGS. 7(A) to 7(D) show phase patterns on the display surface
in which the phase was set to 0, t/4, t/2, t/4, 7t, 5~t/4, 3~t/2,
on the left side, and show the phase modulation degrees in
7~t/4, and 2~t for all of the pixels in the display region was used
cross sections along an alternate long and short dash line or an
to record holograms 0, t/4, t/2, 3tt/4, tt, 5tt/4, 3~t/2, 7tt/4, and
alternate long and two short dashes line on the right side. FIG.
2tt.
7(A) displays a circular pattern 101 with a phase modulation 65
These nine holograms were irradiated with sample light
degree of t/2 and a diameter of 32 pixels in a display region
generated in accordance with a phase pattern in which the
100. FIG. 7(B) displays a circular pattern 101 with a phase
phase was set to 0 for all of the pixels in the display region.
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FIG. 9 shows the results of detecting reproduced light reprosample light, the hologram of the holographic recording
duced from the holograms 0, t/4, Tt/2, 3~t/4, tt, 5tt/4, 3tt/2,
medium is irradiated with the sample light, and repro7~t/4, and 2tt, where the vertical axis indicates a correlation
duced light reproduced from the hologram of the holovalue (the intensity of reproduced light) in terms of arbitrary
graphic recording medium is detected by the light detecunit, normalized by a correlation value of autocorrelation, and 5
tor, and
the horizontal axis indicates the respective holograms. The
the sample-side objective lens of the observation optical
hologram 0 and the hologram 2tt recorded with the use of the
system is also used as an optical component of the idenobject light in accordance with the phase patterns with the
tification optical system,
phase of 0 for all of the pixels is coincident with the sample
wherein the observation optical system comprises a beam
light, and thus has autocorrelation. The correlation value is 10
splitter configured to direct a portion of the generated
larger when the hologram of interest is closer to the hologram
sample light to an image sensor, and wherein the image
0 and the hologram 2tt, and smaller when the hologram of
of the phase object to be identified is formed by the
interest is further from the hologram 0 and the hologram 2tt,
image sensor utilizing said portion of the generated
and the hologram a has the smallest correlation value.
sample light that is excluded from passing through the
According to Example 2, the phase difference between the 15
hologram
of the holographic recording medium.
phase object to be identified and the known phase object can
2. The phase object identification device according to
be identified as the intensity of the reproduced light. Furtherclaim 1, characterized in that the hologram of the holographic
more, it is suggested that the application of Example 2 allows
recording medium is irradiated with the sample light by an
vibrations of cells, expansions of cells, and dynamic changes
20 objective lens arranged in such a way that a real image of the
in phase to be observed or identified.
phase object to be identified is located on an incident pupil
DESCRIPTION OF THE REFERENCE
plane.
NUMERALS
3. The phase object identification device according to
claim 1, characterized in that multiple holograms formed
1 phase object identification device
25 from multiple known phase objects are recorded on the holo2 light source
graphic recording medium, and
3 sample holding means
the phase object identification device comprises irradiated
4 holographic recording medium
position shifting means for shifting a position irradiated
S light detector
with the sample light in the holographic recording
6 recording device
30
medium.
21 light emitted from a light source
4. The phase object identification device according to
22 sample light
claim 1, characterized in that it comprises sample conveying
23 reproduced light
means for sequentially conveying multiple phase objects to
24 object light
be identified to the sample holding means.
25 reference light
35
5. The phase object identification device according to
31 phase object to be identified (sample)
claim 1, characterized in that the phase object to be identified
32 known phase object
is a biological cell or a bacterium, and the presence or absence
41 hologram
of a cell nucleus in the biological cell or the bacterium is
42 substrate
identified.
43 hologram recording layer
40
6. The phase object identification device according to
44 substrate
claim 1, characterized in that the known phase object is a
The invention claimed is:
specimen within standards, and whether or not the phase
1. A phase object identification device for detecting a corobject to be identified corresponds to the standards is identirelation between a phase object to be identified and a known
fied.
phase object, the device comprising:
45
7. The phase object identification device according to
a light source;
claim 1, characterized in that it comprises reference light
sample holding means for holding a phase object to be
generation means for generating reference light,
identified comprising sample positioning means for
the sample holding means is able to hold a known phase
shifting the phase object to be identified in a planar
object, a phase of light emitted from the light source is
direction orthogonal to an optical axis;
50
modulated by a phase pattern of the known phase object
an observation optical system comprising a sample-side
to generate object light, the reference light generation
objective lens and an imaging lens or an eyepiece for
means generates reference light, the holographic recordobserving an image of the phase object to be identified,
ing medium is irradiated with the object light and the
the phase object held by the sample holding means, the
reference light, and a hologram formed by interference
observation optical system configured to form the image 55
between the object light and the reference light is
of the phase object to be identified;
recorded on the holographic recording medium.
focusing means for changing the distance between the
8. The phase object identification device according to
phase object to be identified and the sample-side objecclaim 7, characterized in that the reference light generation
tive lens;
means is an opening formed in the sample holding means.
a holographic recording medium on which a hologram 60
9. A phase object identification method comprising the
formed by interference between reference light and
steps of:
object light that is phase-modulated by a phase pattern of
observing an image of a phase object to be identified utia known phase object is recorded;
lizing an observation optical system;
a light detector; and
adjusting a size of the observed image of the phase object
an identification optical system in which a phase of light 65
to be identified by changing a distance between a
emitted from the light source is modulated by a phase
sample-side objective lens of the observation optical
pattern of the phase object to be identified to generate
system and the phase object to be identified;

US 8,891,089 B2
23
adjusting a position of the observed image of the phase
object to be identified by shifting the phase object to be
identified in a planar direction orthogonal to an optical
axis of the observation optical system, wherein, with the
size and the position of the observed image of the phase 5
object to be identified adjusted, a phase of light emitted
from a light source is modulated by the phase pattern of
the phase object to be identified to generate sample light;
irradiating with the generated sample light a holographic
recording medium, on which a hologram formed by io
interference between reference light and object light that
is phase-modulated by a phase pattern of a known phase
object is recorded; and
detecting reproduced light reproduced from the hologram
of the holographic recording medium by a light detector; 15
wherein the observation optical system comprises a beam
splitter configured to direct a portion of the generated
sample light to an image sensor, and wherein the image
of the phase object to be identified is formed by the
image sensor utilizing the portion of the generated 20
sample light that is excluded from passing through the
hologram of the holographic recording medium; and
wherein the phase object to be identified is identified as
having a correlation with the known phase object if the
intensity of the reproduced light detected by the light 25
detector is greater than a threshold value, or the phase
object to be identified is identified as having no correlation with the known phase object if the intensity of the
reproduced light is less than the threshold value.
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