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67 ABSTRACT

A manufacturing method of an optical element applied to a
miniature microscope comprises the steps of: emitting a sig-
nal light and a reference light to an optical material; and
forming a plurality of gratings on the optical material by
interfering the signal light and the reference light. A miniature
microscope is also disclosed.
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MINIATURE MICROSCOPE AND
MANUFACTURING METHOD OF OPTICAL
ELEMENT THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No(s).
101116029 filed in Republic of China on May 4, 2012, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of Invention

[0003] The invention relates to a microscope and a manu-
facturing method of an optical element thereof and, in par-
ticular, to a miniature microscope and a manufacturing
method of an optical element thereof.

[0004] 2. Related Art

[0005] In the present technologies, most images are cap-
tured and stored for preservation in two-dimensional pictures
orvideos, so sometimes, three-dimensional images need to be
converted to two-dimensional images. However, when the
three-dimensional images are converted to the two-dimen-
sional images, the image distortion problem will occur.
Hence, in order to make the preserved images look more like
the three-dimensional images that humans actually see, the
three-dimensional holography technology is developed.
[0006] FIG. 1 is a schematic diagram of a conventional
digital holographic apparatus 1, which includes a beam split-
ter 11 and an image-capturing element 12. The steps of cap-
turing images of an object O used by the digital holographic
apparatus 1 are illustrated as below. At first, the object O is
illuminated with a light source to generate a signal light L1
that is emitted into a side of the beam splitter 11. In the
meantime, a reference light [.2 is emitted into another side of
the beam splitter 11 so that interference fringes are formed by
the signal light [.1 and the reference light [.2 and then emitted
from the beam splitter 11. Afterwards, the image-capturing
element 12 can capture the interference fringes to rebuild the
phase and strength distribution.

[0007] However, the beam splitter 11 of the conventional
digital holographic apparatus 1 has a certain width, such that
the interval of the object O and the image-capturing element
12 can not be reduced further. Accordingly, the high-fre-
quency diffracted light emitted from the beam splitter 11 can
not be captured because the image-capturing element 12 is
restricted to a finite size. In other words, because the image-
capturing element 12 can not capture the high-frequency
portion of the signal light .1, the reconstructed image of the
object O will be stuck with the image distortion problem.

SUMMARY OF THE INVENTION

[0008] Inview of the foregoing subject, an objective of the
invention is to provide a manufacturing method of an optical
element that can reduce the distance between an image-cap-
turing element and an object, and a miniature microscope that
uses the said optical element to accurately reconstruct the
object’s image.

[0009] To achieve the above objective, a manufacturing
method of an optical element applied to a miniature micro-
scope of the invention comprises the steps of: emitting a
signal light and a reference light to an optical material; and
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forming a plurality of gratings on the optical material by
interfering the signal light and the reference light.

[0010] Inoneembodiment, the manufacturing method fur-
ther comprises exposing and developing the optical material.

[0011] Inone embodiment, each of the signal light and the
reference light is a plane wave or a spherical wave. The
reference light and the signal light have an included angle.
The optical material has a lead angle.

[0012] Inoneembodiment, the reference light is emitted to
the optical material through a light-guiding element.

[0013] Inoneembodiment, the manufacturing method fur-
ther comprises moving a mask to adjust the light intensity of
the signal light emitted to the optical material.

[0014] Inoneembodiment, the manufacturing method fur-
ther comprises adjusting the light intensity of the signal light
emitted to the optical material by using a gradually change-
able light-decreasing plate.

[0015] Inoneembodiment, the signal light is divided into a
front signal light and a rear signal light.

[0016] To achieve the above objective, a miniature micro-
scope of the invention comprises a first optical element, an
image-capturing element, a calculating and a display ele-
ment. An object. light and a reference light. are emitted
through the first optical element to form a light field interfer-
ence distribution. The image-capturing element receives the
light field interference distribution to generate an image sig-
nal. The calculating element receives the image signal and
calculates according to the image signal to produce a display
signal. The display element receives the display signal to
display an object’s image.

[0017] Inoneembodiment, the firstoptical element is made
by the manufacturing method as mentioned above.

[0018] Inone embodiment, the material of the first optical
element includes glass or a high polymer. The first optical
element includes a microstructure through which the refer-
ence light passes. The miniature microscope further includes
an optical element. The reference light is emitted to the first
optical element after emitted through the optical element.

[0019] In one embodiment, the miniature microscope fur-
ther includes a light source generating a coherent light emit-
ted to an object to form the object light. The light source also
generates the reference light. The miniature microscope fur-
ther includes a second optical element and a light-guiding
element. The object is disposed between the first and second
optical elements, and the coherent light is emitted through the
light-guiding element.

[0020] In one embodiment, the miniature microscope fur-
ther includes a reflecting element on which the object is
disposed.

[0021] As mentioned above, in the manufacturing method
of the optical element of the invention, an optical material is
used to form the thinner optical element, so that the distance
between the object and the image-capturing element can be
reduced. Hence, the image-capturing element can receive the
high-frequency portion of the signal light so as to enhance the
definition of the reconstructed object’s images. Furthermore,
because the definition of the reconstructed object’s images is
enhanced, the clearer images can be obtained. Besides, by the
thinner optical element, the apparatus’s size can be reduced.
Accordingly, the optical element of the invention can be used
to manufacture a miniature microscope.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention will become more fully understood
from the detailed description and accompanying drawings,
which are given for illustration only, and thus are not limita-
tive of the present invention, and wherein:

[0023] FIG. 1 is a schematic diagram of a conventional
digital holographic apparatus;

[0024] FIG. 2 is a flow chart of a manufacturing method of
an optical element of a miniature microscope according to a
preferred embodiment of the invention;,

[0025] FIGS.3Ato 31 are schematic diagram showing vari-
ous manufacturing methods of the optical element according
to the preferred embodiment of the invention;

[0026] FIG. 4 is a schematic diagram of a miniature micro-
scope according to a preferred embodiment of the invention;
[0027] FIGS. 5A to 5D are schematic diagrams of different
aspects of the miniature microscope according to the pre-
ferred embodiment of the invention;

[0028] FIGS. 6A and 6B are schematic diagrams of the
miniature microscopes according to another preferred
embodiment of the invention;

[0029] FIG. 6C is a schematic diagram of another aspect of
the miniature microscope according to the another preferred
embodiment of the invention;

[0030] FIG. 7A is a schematic diagram of a miniature
microscope according to another preferred embodiment of
the invention;

[0031] FIGS. 7B and 7C are schematic diagrams of minia-
ture microscopes as various aspects of the another preferred
embodiment of the invention;

[0032] FIG. 8A is a schematic diagram of a miniature
microscope according to another preferred embodiment of
the invention; and

[0033] FIG. 8B is a schematic diagram of a miniature
microscope as another aspect of the another preferred
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The present invention will be apparent from the
following detailed description, which proceeds with refer-
ence to the accompanying drawings, wherein the same refer-
ences relate to the same elements.

[0035] FIG. 2 is a flow chart of a manufacturing method of
an optical element of a miniature microscope according to a
preferred embodiment of the invention, and FIG. 3A is a
schematic diagram showing the manufacturing method of the
optical element of the embodiment. As shown in FIGS. 2 and
3A, the manufacturing method of the optical element of the
miniature microscope includes the steps S01 and S02. The
step SO01 is to emit a signal light .1 and a reference light 1.2 to
an optical material 9. The step S02 is to form a plurality of
optical gratings on the optical material 9 by the signal light .1
and the reference light 1.2 interfering with each other. To be
noted, since the gratings on the optical material 9 is a kind of
microstructure, they are omitted in the following figures.
[0036] The optical material 9 can be, for example, a sensi-
tive material, a photopolymer, or any high polymer that can be
solidified from a molten state to record the interference
fringes. Both of the signal light L1 and the reference light [.2
can have any kind of wavefront, such as a plane wave or a
spherical wave, which can be a converging spherical wave or
a diverging spherical wave. The signal light .1 and the ref-
erence light 1.2 can have various wavefronts according to
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various requirements. The signal light .1 and the reference
light .2 can have the same or different wavefront generated
by the same light source. The signal light L1 is preferably a
diverging spherical wave.

[0037] Accordingly, the signal light L1 and the reference
light L2 interfere with each other on the optical material 9 to
form the interference fringes, which are recorded by the opti-
cal material 9 to form the gratings. To be noted, the amplitude
transmittance or refractive index’s variance is correlated with
the light absorption gross energy. Besides, if the optical mate-
rial 9 includes a photopolymer, the manufacturing method
further includes a step to expose and develop the optical
material 9. After the exposure, the optical material 9 will
become the optical element. Thereby, the optical element of
the embodiment n have a width smaller than the width of the
conventional beam splitter.

[0038] FIGS. 3A to 31 are schematic diagrams showing
different ways that the signal light L1 and the reference light
L2 are emitted to the optical materials 9 and 9a. Referring to
FIGS. 3A and 3], the different manufacturing methods of the
optical element of the invention are illustrated as below.
[0039] As shown in FIGS. 3A to 3D, according to various
applications and requirements, the signal light L1 and the
reference light 1.2 can have an included angle between O
degree and 180 degrees, or be parallel to each other. As shown
in FIG. 3A, the included angle between the signal light L1 and
the reference light L2 is 90 degrees. As shown in FIG. 3B, the
included angel between the signal light L1 and the reference
light L.2 is smaller than 90 degrees. As shown in FIG. 3C, the
optical material 9a has a lead angle P, and the reference light
L2 is refracted by the lead angle P and interferes with the
signal light .1 to form the gratings. As shown in FIG. 3D, the
reference light L2 is refracted or reflected by a light-guiding
element G and then emitted to the optical material 9. The
light-guiding element G can be a prism, a light-guiding plate,
or a reflecting mirror for example. To be noted, in FIGS. 3C
and 3D, the refraction angle of the reference light 1.2 is
variable with different requirements.

[0040] As shown in FIG. 3E, the signal light L1 and the
reference light 1.2 can be guided to the optical material 9
through a light pipe (or a light tube) that includes a bending
portion (with a bending angle of 90 degrees for example) and
two emitting portions E. Hence, the signal light L1 and the
reference light L2 can be respectively emitted to the light
material 9 in different angles through the emitting portions E.
The emitting portions E can have microstructures to increase
the light-emitting amount. As shown in FIG. 3F, the signal
light L1 and the reference light L2 can be emitted to the
optical material 9 in different angles through two optical
fibers 81 and 82 disposed in different angles. To be noted, the
light-guiding elements such as the light pipe and optical fiber
are just instanced and not for limiting the scope of the inven-
tion. Besides, the incident angle of the reference light 1.2 is
variable with different requirements.

[0041] When the reference light L2 travels more in the
optical material 9, the light intensity is getting weaker. In
other words, the diffraction intensity is weaker at the place
which is farther from the incident surface of the reference
light L.2. Accordingly, as shown in FIG. 3G, the manufactur-
ing method of the embodiment can further include a step of
moving a mask M1 to adjust the light intensity of the signal
light L1 emitted to the optical material 9. Corresponding to
the quantity of the travelling distance of the reference light L.2
in the optical material 9, the mask M1 is moved to control an
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illumination time of the signal light .1 to the optical material
9, so that the amplitude transmittance distribution of the opti-
cal material 9 after the exposure can be controlled to become
an uniform diffraction distribution. In other words, the illu-
mination time of the signal light L1 is increased more at the
place which is farther from the incident surface of the refer-
ence light [.2. As shown in FIG. 3H, besides using the mov-
able mask, a gradually changeable light-decreasing plate M2
can be used to adjust the light intensity of the signal light [.1
to the optical. material 9. For example, a portion of the gradu-
ally changeable light-decreasing plate M2 closer to the inci-
dent surface of the reference light L.2 has less transmittance,
and a portion of the gradually changeable light-decreasing
plate M2 farther from. the incident surface of the reference
light .2 has more transmittance.

[0042] As shown in FIG. 31, according to different appli-
cations and requirements of the optical element, the signal
light can be divided into a front signal light .11 and a rear
signal light 112. Accordingly, the front signal light [.11, the
rear signal light .12, and the reference light .2 can form the
interference fringes on the optical material 9, which are
recorded by the optical material 9 to form the gratings. To be
noted, it needs to he avoided that the front signal light [.11, the
rear signal light .12, and the reference light L2 interfere with
one another simultaneously, so that the front signal light .11
and the rear signal light [.12 can not form the gratings impair-
ing the production of the images.

[0043] Accordingly, the optical element of the invention
can be manufactured by different manufacturing methods
corresponding to different applications and requirements.
The signal light L1 is preferably a diverging spherical wave,
and the object to be observed can be disposed near the light
source of the diverging spherical wave, so that the more
superior images of the object can be obtained.

[0044] FIG. 4 is a schematic diagram of a miniature micro-
scope 2 according to a preferred embodiment of the invention.
As shown in FIG. 4, the miniature microscope 2 includes a
first optical element 21, an image-capturing element 22, a
calculating element 23, and a display element 24.

[0045] The first optical element 21 can be made of the
optical material 9 or 9a by the manufacturing methods as
mentioned in the above embodiments. Because the features of
the optical element are illustrated as above, the detailed
descriptions are omitted here. An object light Lla and a
reference light [.2 penetrate the first optical. element 21. The
reference light [.2 is diffracted by the first optical element 21
so that the reference light is changed in its travelling direction
1o form a light field interference distribution 1.3 with the
object light L1a. In the embodiment, the object light [.1a can
be the light that is reflected or scattered by the object O, or
directly penetrates the object O.

[0046] The image-capturing element 22 can be, for
example, a charge-coupled

[0047] Device (CCD) or other kind of light-sensing ele-
ment. The image-capturing element 22 receives the light field
interference distribution L3 to generate an image signal S1.
The calculating element 23 is any kind of computer or com-
puter cluster. The calculating element 23 calculates according
to the image signal S1 to produce a display signal S2. In other
words, the calculating element 23 calculates according to the
image signal S1 obtained by the image-capturing element 22
to produce the display signal S2. The display element 24 can
be, for example, a cathode ray tube (CRT) display, a liquid
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crystal display (LCD), or other kind of display. The display
element 24 receives the display signal S2 to display an image
of the object.

[0048] Accordingly, because the conventional beam split-
ter is replaced by the first optical element 21, which is thinner
than the conventional beam splitter, of the invention, the
distance between the object O and the image-capturing ele-
ment 22 can be reduced, so that the image-capturing element
22 can receive the high-frequency portion of the signal light
L1 so as to enhance the definition of the reconstructed image
of the object. Because the definition of the reconstructed
object image is enhanced, the clear image of the object O can
be obtained. Besides, because the first optical element 21 is
thinner and the distance between the object O and the image-
capturing element 22 is reduced, the microscope’s size can be
reduced to become the miniature microscope 2.

[0049] FIGS. 5A to 5D are schematic diagrams of different
aspects of the miniature microscope of the embodiment.
[0050] As shown in FIG. 5A, the miniature microscope 2a
can further include a light source 6 and a light-guiding ele-
ment. The light source 6 can be a laser source for example to
generate a coherent light. In the embodiment, the light-guid-
ing element is, for example, a hollow or solid light pipe (or
light tube) 7, and is instanced as a hollow light pipe here. The
light pipe 7 includes two small openings 71 and 72. The light
is emitted from the opening 71 to the object O disposed near
the opening 71 to generate an object light L1a. The light
emitted from the opening 72 is used as a reference light 1.2
and emitted to the first optical element 21.

[0051] As shown in F1G. 5B, the miniature microscope 25
includes the light-guiding element, such as optical fibers 81
and 82. The optical fibers 81 and 82 can be rolled up to
decrease the space for configuration. To be noted, the light
pipe and the optical fiber are just for example.

[0052] As shown in FIG. 5C, the miniature microscope 2¢
includes a light source 6 and a reflecting element R on which
the object O is disposed. The light emitted by the light source
6 is diffracted by the first optical element 21 to become a
diffracted light L4 emitted to the object O. The diffracted light
L4 is scattered and reflected by the object O to become an
object light L1a. The object light L1a is emitted to the first
optical element 21 and interferes with the reference light 1.2,
so that a light field interference distribution .3 is formed and
captured by the image-capturing element 22. In the embodi-
ment, the reflecting element R can he a reflecting mirror. By
using the reflecting element R, the utilization rate of the light
emitted by the light source 6 can be enhanced. As shown in
FIG. 5D, the light source 6a of the miniature microscope 2d
provides the object light L1a emitted to the object O, and also
provides the reference light L.2.

[0053] FIGS. 6A and 6B are schematic diagrams of the
miniature microscopes 3 and 3a according another preferred
embodiment of the invention. In the embodiment, the first
optical element 21 of the above embodiments is replaced with
a glass sheet or a high polymer (e.g. PMMA) to become a first
optical element 31, which is disposed in front of the image-
capturing element 32. In the embodiment, the first optical
element 31 is disposed on a side of the image-capturing
element 32 far from the display element 34. Besides, the
object O is disposed on the first optical element 31.

[0054] The coherent light provided by the light source 6 is
emitted to the first optical element 31 through the little open-
ing of the light pipe 7 (as shown in FIG. 6A) or through the
optical fiber 8 (as shown in FIG. 6B). The object O to be
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observed is disposed on the first optical element 31. Because
the opening of the light pipe 7 or the optical fiber 8 is very
small, the wavefront of the light is approximate to a spherical
wave. Accordingly, the wavefront of the light in the first
optical element. 31 is a diverging spherical wave. A portion of
the diverging spherical wave is directly emitted to the image-
capturing element 32, used as the reference light L.2. Another
portion of the diverging spherical wave is emitted to the object
O and then scattered and reflected by the object O to become
ascattered light and a reflected light that are used as the object
light L1a. Likewise, the object light L1a and the reference
light 1.2 interfere with each other to generate a light field
interference distribution, the image-capturing element 32
receives the light field interference distribution to generate
the image signal S1, the calculating element 33 calculates
according to the image signal S1 to produce the display signal
S2, and the display element 34 receives the display signal S2
to display the object’s image.

[0055] FIG. 6C is a schematic diagram of a miniature
microscope 3b as another aspect of the embodiment. As
shown in FIG. 6C, a microstructure 311 is disposed at a side
ofthe first optical element 31a, and a coherent light is emitted
through the microstructure 311. After emitted through the
microstructure 311, the light’s wavefront becomes a spherical
wave or a plane wave. Afterwards, the incident light is mainly
divided into two beams, one of which is emitted to the image-
capturing element 32 and used as the reference light 1.2. The
other beam is emitted to the object O to be observed disposed
on the first optical element 31a, and then scattered and
reflected by the object O to become the object light L1a.

[0056] FIG. 7A is a schematic diagram of a miniature
microscope 4 according to another preferred embodiment of
the invention. The main difference between the miniature
microscope 4 and the embodiments as shown in FIG. 6A is
that the object light L1a and the reference light 1.2 of the
miniature microscope 4 are emitted to the image-capturing
element 42 in parallel. The light provided by the light source
6 can be emitted, directly or through a light-guiding element,
to the first optical element 41. The light-guiding element can
be a light pipe 7a or an optical fiber, and here is instanced as
a light pipe 7a. The light pipe 7a has two openings 71 and 72
at the same side thereof. When the coherent light provided by
the light source 6 is emitted through the openings 71 and 72 of
the light pipe 7a, the light’s wavefront is approximate to a
diverging spherical wave because the openings 71 and 72 are
very small. The light through the opening 72 is used as the
reference light L.2. The object O is disposed near another
opening 71. The light through the opening 71 is emitted to the
object O, and then scattered by or directly passed through the
object O, used as the object light L1a. The reference light .2
and the object light L1a interfere with each other to form the
interference fringes, which are captured and recorded by the
image-capturing element 42 to generate the image signal S1.
The image-capturing element 42 can be disposed as possible
as close to the object O. The calculating element 43 receives
the image signal S1 and calculates according to the image
signal S1 to produce the display signal S2. The display ele-
ment 44 receives the display signal S2 to display the object’s
images.

[0057] FIGS. 7B and 7C are schematic diagrams of minia-
ture microscopes 4a and 4b as various aspects of the embodi-
ment of the invention. The main difference between the min-
iature microscopes 4a and 45 and the above embodiments is
that the first optical element 41 has a microstructure 411 (as
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shown in FIG. 7B) disposed at an incident place through
which the reference light [.2 is emitted to the first optical
element 41, or the miniature microscope 44 further includes
an optical element 45 (such as a lens as shown in FIG. 7C).
Accordingly, the reference light L2 is emitted through the
microstructure 411 (as shown in FIG. 7B) or the optical
element 45 (as shown in FIG. 7C), and then emitted to the first
optical element 41. A spherical wave can be converted into a
plane wave by the microstructure 411 (as shown in FIG. 7B)
or the optical element 45 (as shown in FIG. 7C), so that the
wavefront of the reference light 1.2 emitted to the image-
capturing element 42 is a plane wave.

[0058] FIG. 8A is a schematic diagram of a miniature
microscope 5 according to another preferred embodiment of
the invention. The main difference between the miniature
microscope 5 and the embodiment as shown in FIG. 6 A is that
the miniature microscope 5 further includes a second optical
element 56, the object O is disposed between the first optical
element S1 and the second optical element 56, and the light
provided by the light source 6 is emitted to the second optical
element 56 through a side of the second optical element 56 far
from the object O. The first optical element 51 is a glass sheet
orahigh polymer. The second optical element 56 can be made
by the manufacturing method as shown in F1G. 2. The second
optical element 56 can be attached to a glass plate 561 or other
modules. The second optical element 56 can be attached to a
top side or a bottom side of the glass plate 561, or the second
optical element 56 can be clipped by two glass plates 561, or
two second optical elements 56 clip a glass plate 561. In the
embodiment, the second optical element 56 is attached to the
bottom side of the glass plate 561 for example.

[0059] The second optical element 56 is attached to the
glass plate 561, and capable of converting the light emitted by
the light source 6 into a diverging spherical wave for expand-
ing the light beam. The light directly emitted to the image-
capturing element 52 without through the object O is used as
the reference light L.2. The light emitted to the object O and
then scattered by or passed through the object O is used as the
object light L1a. The reference light [.2 and the object light
L1a interfere with each other to form a light field interference
distribution, which is received by the image-capturing ele-
ment 52 to generate the image signal S1. The calculating
element 53 receives the image signal S1 and calculates
according to the image signal S1 to produce the display signal
S2. The display element 54 receives the display signal S2 to
display the object’s images.

[0060] FIG. 8B is a schematic diagram of a miniature
microscope 5b as another aspect of the embodiment. The
main difference between the miniature microscope 56 and the
miniature microscope 5 is that the second optical element of
the miniature microscope 5b is a glass plate 561, and two
surfaces of the glass plate 561 both have a microstructure 562.
The two microstructures 562 can be disposed. at the top and
bottom sides of the glass plate 561 respectively, or the micro-
structures 562 can be disposed at the same side of the glass
plate 561, e.g. one of the top and bottom sides. In the embodi-
ment, the microstructures 562 are disposed at the top and
bottom sides of the glass plate 561 respectively for example.
[0061] The light provided by the light source 6 and emitted
to the glass plate 561 is converted into a diverging spherical
wave by the microstructure 562 disposed at the top side, and
then converted into a plane wave by the microstructure 562
disposed at the bottom side. Afterwards, a portion of the light
directly emitted to the image-capturing element 52 without
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through the object O is used as the reference light L.2. Another
portion of the light emitted to the object O and then scattered
by or passed through the object O is used as the object light
L1a. The reference light .2 and the object light [1a interfere
with each other to form a light field interference distribution,
which is received by the image-capturing element 52 to gen-
erate theimage signal S1. The calculating element 53 receives
the image signal S1 and calculates according to the image
signal S1 to produce the display signal S2. The display ele-
ment 54 receives the display signal S2 to display the object’s
images.

[0062] In summary, in the manufacturing method of the
optical element of the invention, an optical material is used to
form the thinner optical element, so that the distance between
the object and the image-capturing element can be reduced.
Hence, the image-capturing element can receive the high-
frequency portion of the signal light so as to enhance the
definition of the reconstructed object’s images. Furthermore,
because the definition of the reconstructed object’s images is
enhanced, the clearer images can be obtained. Besides, by the
thinner optical element, the apparatus’s size can be reduced.
Accordingly, the optical element of the invention can be used
to manufacture a miniature microscope.

[0063] Although the invention has been described with ref-
erence to specific embodiments, this description is not meant
to be construed in a limiting sense. Various modifications of
the disclosed embodiments, as well as alternative embodi-
ments, will be apparent to persons skilled in the art. It is,
therefore, contemplated that the appended claims will cover
all modifications that fall within the true scope of the inven-
tion.

1. A manufacturing method of an optical element applied to
a miniature microscope, comprising the steps of:

emitting a signal light and a reference light to an optical

material; and

forming a plurality of gratings on the optical material by

interfering the signal light and the reference light.

2. The manufacturing method as recited in claim 1, further
comprising:

exposing and developing the optical material.

3. The manufacturing method as recited in claim 1, wherein
each of the signal light and the reference light is a plane wave
or a spherical wave.

4. The manufacturing method as recited in claim 1, wherein
the reference light and the signal light have an included angle.

5. The manufacturing method as recited in claim 1, wherein
the optical material has a lead angle.

6. The manufacturing method as recited in claim 1, wherein
the reference light is emitted to the optical material through a
light-guiding element.

7. The manufacturing method as recited in claim 1, further
comprising:

moving a mask to adjust the light intensity of the signal

light emitted to the optical material.

8. The manufacturing method as recited in claim 1, further
comprising:

adjusting thelight intensity of the signal light emitted to the

optical material by using a gradually changeable light-
decreasing plate.
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9. The manufacturing method as recited in claim 1, wherein
the signal light is divided into a front signal light and a rear
signal light.

10. A miniature microscope, comprising:

a first optical element through which an object light and a
reference light is emitted to form a light field interfer-
ence distribution;

an image-capturing element receiving the light field inter-
ference distribution to generate an image signal;

a calculating element receiving the image signal and cal-
culating according to the image signal to produce a
display signal; and

a display element receiving the display signal to display an
object’s image.

11. A miniature microscope, comprising:

a first optical element through which an object light and a
reference light is emitted to form a light field interfer-
ence distribution;

an image-capturing element receiving the light field inter-
ference distribution to generate an image signal;

a calculating element receiving the image signal and cal-
culating according to the image signal to produce a
display signal; and

a display element receiving the display signal to display an
object’s image

wherein the first optical element is made by the manufac-
turing method as recited in claim 1.

12. The miniature microscope as recited in claim 10,
wherein the first optical element includes a microstructure
through which the reference light is emitted.

13. The miniature microscope as recited in claim 10, fur-
ther comprising:

an optical element, wherein the reference light is emitted to
the first optical element after emitted through the optical
element.

14. The miniature microscope as recited in claim 10, fur-

ther comprising;

a light source generating a coherent light emitted to an
object to form the object light,

15. The miniature microscope as recited in claim 14,

wherein the light source generates the reference light.

16. The miniature microscope as recited in claim 14, fur-
ther comprising:

a second optical element, wherein the object is disposed

between the first and second optical elements.

17. The miniature microscope as recited in claim 14, fur-
ther comprising;

a light-guiding element through which the coherent light

passes.

18. The miniature microscope as recited in claim 14, fur-
ther comprising:

a reflecting element on which the object is disposed.

19. The miniature microscope as recited in claim 10,
wherein the reference light and the signal light have an
included angle.

20. The miniature microscope as recited in claim 10,
wherein the first optical element has a lead angle.
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