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OPTICAL DETECTING DEVICE

RELATED APPLICATIONS

[0001] This application claims priority to Taiwanese
Application Serial Number 105115973 filed May 2, 2016,
which is herein incorporated by reference.

BACKGROUND

Technical Field

[0002] The present disclosure relates to optical detecting
devices.

Description of Related Art
[0003] With the improvement of electron is technology

nowadays, the precision of detecting systems becomes more
and more important. Meanwhile the demand for detecting
systems of micro-nano levels has been increasing. There-
fore, the application of optical detection has become more
and more popular.

[0004] As a result, how to further enhance the precision of
optical detection is undoubtedly an important issue in the
industry.

SUMMARY

[0005] A technical aspect of the present disclosure pro-
vides an optical detecting device which can precisely mea-
sure the magnitude of movement in the two-dimensional
directions.

[0006] According to an embodiment of the present disclo-
sure, an optical detecting device includes a reflecting ele-
ment, a main body, a light source and a plurality of photo-
sensitive elements. The reflecting element has a reflecting
surface. The main body has an installing surface. The
installing surface at least partially faces to the reflecting
surface. The main body is configured to move along a
moving direction relative to the reflecting element. The
moving direction is substantially parallel with the reflecting
surface. The light source is disposed on the installing surface
and is, configured to emit a light ray towards the reflecting
surface. The photosensitive elements are disposed on the
installing surface. Sides of the photosensitive elements close
to the light source surround the light source to form a light
source region. The light source is at least partially located in
the light source region.

[0007] In one or more embodiments of the present disclo-
sure, the reflecting element includes a plurality of protruding
structures located on the reflecting surface.

[0008] In one or more embodiments of the present disclo-
sure, the photosensitive elements are arranged in a radial
pattern around the light source.

[0009] In one or more embodiments of the present disclo-
sure, the photosensitive elements are arranged in a spiral
pattern around the light source.

[0010] In one or more embodiments of the present disclo-
sure, the photosensitive elements are separated from each
other.

[0011] In one or more embodiments of the present disclo-
sure, the photosensitive elements are mutually connected to
form together at least one photosensitive annulus.

[0012] In one or more embodiments of the present disclo-
sure, the photosensitive elements form together a plurality of
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photosensitive annuluses, the centers of photosensitive
annuluses are located in the light source region.

[0013] In one or more embodiments of the present disclo-
sure, a distance exists between each of the photosensitive
annuluses and the adjacent photosensitive annulus.

[0014] In one or more embodiments of the present disclo-
sure, the optical detecting device further includes a proces-
sor electrically connected with the photosensitive elements.
[0015] When compared with the prior art, the above-
mentioned embodiments of the present disclosure have at
least the following advantages:

[0016] (1) Since the light source is at least partially located
in the light source region formed by the sides of the
photosensitive elements close to the light source and sur-
rounding the light source, when the main body moves along
the moving direction relative to the reflecting element, the
photosensitive elements are able to receive the light ray
reflected by the reflecting surface towards the two-dimen-
sional directions with the variations in the reflecting direc-
tion, reflecting angle and/or magnitude. Thus, the optical
detecting device is able to achieve the effect of two-dimen-
sional detection, such that the detection by the optical
detecting device becomes more precise. Through the recep-
tion by the photosensitive elements the light ray reflected by
the reflecting surface towards the two-dimensional direc-
tions with the variations in the reflecting direction, reflecting
angle and/or magnitude, the processor is able to precisely
calculate the magnitude of movement of the main body
relative to the reflecting element on the plane formed by the
axial direction X and the axial direction Y along the moving
direction. In other words, the optical detecting device is able
to precisely measure the magnitude of movement in the
two-dimensional directions.

[0017] (2) In the embodiment that each of the photosen-
sitive elements extends on the installing surface along a
direction passing through the light source, the photosensitive
elements are able to receive light ray with different reflecting
angles at the reflecting surface. In other words, when the
photosensitive elements receive the light ray reflected by the
reflecting surface, the photosensitive elements are not
restricted by the reflecting angle of the light ray LR at the
reflecting surface.

[0018] (3) In the embodiment that the photosensitive ele-
ments are mutually connected to form together a photosen-
sitive annulus, the photosensitive clements are able to
receive the light ray reflected by the reflecting surface
towards different directions. In other words, when the pho-
tosensitive elements receive the light ray reflected by the
reflecting surface, the photosensitive elements are not
restricted by the reflecting direction of the light ray at the
reflecting surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ments, with reference made to the accompanying drawings
as follows:

[0020] FIG. 1 is a schematic diagram of application of an
optical detecting device according to an embodiment of the
present disclosure;

[0021] FIG. 2 is a bottom view of the allocation of the
photosensitive elements relative to the light source of FIG.
1;
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[0022] FIG. 3 is a bottom view of the allocation of
photosensitive elements relative to a light source according
to another embodiment of the present disclosure;

[0023] FIG. 4 is a bottom view of the allocation of
photosensitive elements relative to a light source according
to a further embodiment of the present disclosure;

[0024] FIG. 5 is a bottom view of the allocation of
photosensitive elements relative to a light source according
to another embodiment of the present disclosure; and
[0025] FIG. 6 is a bottom view of the allocation of
photosensitive elements relative to a light source according
to a further embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] Drawings will be used below to disclose a plurality
of embodiments of the present disclosure. For the sake of
clear illustration, many practical details will be explained
together in the description below. However, it is appreciated
that the practical details should not be used to limit the
claimed scope. In other words, in some embodiments of the
present disclosure, the practical details are not essential.
Moreover, for the sake of drawing simplification, some
customary structures and elements in the drawings will be
schematically shown in a simplified way. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.
[0027] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0028] Reference is made to FIG. 1. FIG. 1 is a schematic
diagram of application of an optical detecting device 100
according to an embodiment of the present disclosure. As
shown in FIG. 1, an optical detecting device 100 includes a
reflecting element 110, a main body 120, a light source 130
and a plurality of photosensitive elements 140. The reflect-
ing element 110 has a reflecting surface 111. The main body
120 has an installing surface 121. The installing surface 121
at least partially faces to the reflecting surface 111. The main
body 120 is configured to move along a moving direction
MD relative to the reflecting element 110. The moving
direction MD is substantially parallel with the reflecting
surface 111. The light source 130 is disposed on the install-
ing surface 121 and is configured to emit a light ray LR
towards the reflecting surface 111 of the reflecting element
110. The photosensitive Reference is made to FIG. 2. FIG.
2 is a bottom view of the avocation of the photosensitive
elements 140 relative to the light source 130 of FIG. 1. As
shown in FIG. 2, sides of the photosensitive elements 140
dose to the light source 130 surround the light source to form
a light source region LA. The light source 130 is at least
partially located in the light source region LA.

[0029] During the operation of the optical detecting device
100, the light source 130 emits the light ray LR towards the
reflecting surface 111 of the reflecting element 110. When
the light ray LR reaches the reflecting surface 111, the light
ray LR is reflected by the reflecting surface 111 at an
reflecting angle 8. The reflecting angle 0 is an angle formed
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between the reflected light ray LR and the normal of the
reflecting surface 111. The light ray LR being reflected by
the reflecting surface 11 at the reflecting angle propagates
towards the corresponding photosensitive element 140 and
is received by the corresponding photosensitive element
140. As mentioned above, the light source 130 is at least
partially located in the light source region LA formed by the
sides of the photosensitive elements 140 close to the light
source 130 surrounding the light source. In other words, the
light source 130 is substantially surrounded by the photo-
sensitive elements 140. In this way, the photosensitive
elements 140 are able to receive the light ray LR reflected by
the reflecting surface 111 towards different directions,
including the axial direction X and the axial direction Y
perpendicular to each other In other words, the optical
detecting device 100 is able to achieve the effect of two-
dimensional detection (i.e. the axial direction X and the axial
direction Y), such that the detection by the optical detecting
device 100 becomes more precise. To be more specific, the
moving direction MD is located on the plane formed by the
axial direction X and the axial direction Y, and the moving
direction MD can be the same as the axial direction X or the
axial direction Y according to the actual conditions. As
shown in FIG. 1, the moving direction MD is the same as the
axial direction Y.

[0030] To be more specific the reflecting element 110
includes a plurality of protruding structures 112. In this
embodiment, the protruding structures 112 are located on the
reflecting surface 111. As shown in FIG. 1, the protruding
structures 112 are not drawn to the actual scale. For example,
the size of the protruding structures 112 is to the magnitudes
of micrometer or nanometer. However, this does not intend
to limit the present disclosure. When the main body 120
moves along the moving direction MD relative to the
reflecting element 110, diffraction will be caused by the light
ray LR reaching the reflecting surface 111 with regards to the
protruding structures 112 on the reflecting surface 111.
Consequently, the optical phenomenon of interference is
resulted. As a result, the light ray LR being reflected by the
reflecting surface 111 will encounter the variations in the
reflecting direction reflecting angle 6 and/or magnitude.
Optical phenomenon including diffraction and interference
are common knowledge in the field and are not to be
described here in details.

[0031] As mentioned above, the light source 130 is at least
partially located in the light source region LA formed by the
surrounding of the sides of the photosensitive elements 140
close to the light source 130. In this way, the photosensitive
elements 140 are able to receive the light ray LR reflected by
the reflecting surface 111 towards different directions with
the variations in the reflecting direction, reflecting angle 0
and/or magnitude. In other words, the photosensitive ele-
ments 140 are able to receive the light ray LR reflected by
the reflecting surface 111 towards the axial direction X with
the variations in the reflecting direction, reflecting angle 0
and/or magnitude. Moreover, the photosensitive elements
140 are also able to receive the light ray LR reflected by the
reflecting surface 111 towards the axial direction Y with the
variations in the reflecting direction, reflecting angle 0
and/or magnitude. In other words, when the main body 120
moves along the moving direction MD relative to the
reflecting element 110, the photosensitive elements 140 are
able to receive the light ray LR reflected by the reflecting
surface 111 towards the two-dimensional directions with the
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variations in the reflecting direction, reflecting angle 0
and/or magnitude. Thus, the optical detecting device 100 is
able to achieve the effect of two-dimensional detection, such
that the detection by the optical detecting device 100
becomes more precise.

[0032] Furthermore, in this embodiment, as shown in FIG.
1, the optical detecting device 100 further includes a pro-
cessor 150. The processor 150 is electrically connected with
the photosensitive elements 140. Through the reception by
the photosensitive elements 140 the light ray LR reflected by
the reflecting surface 111 towards the two-dimensional
directions with the variations in the reflecting direction,
reflecting angle 6 and/or magnitude, the processor 150 is
able to precisely calculate the magnitude of movement of the
main body 120 relative to the reflecting element 110 on the
plane formed by the axial direction X and the axial direction
Y along the moving direction MD. In other words, the
optical detecting device 100 is able to precisely measure the
magnitude of movement in the two-dimensional directions.
[0033] Inthis embodiment, as shown in FIG. 2, each of the
photosensitive elements 140 is in the shape of a fan on the
installing surface 121. However, it is noted that the shape of
the photosensitive elements 140 on the installing surface 121
as cited herein is only illustrative and is not to limit the
claimed scope. A person having ordinary skill in the art of
the present invention should, depending on actual condi-
tions, suitably choose the shape of the photosensitive ele-
ments 140 on the installing surface 121, such as circle,
ellipse, rectangle, square, thombus and other polygons.
[0034] To be more specific, as shown in FIG. 2, the
photosensitive elements 140 are arranged in a radial pattern
around the light source 130. In other words, the light source
130 is located in the photosensitive elements 140 arranged
in the radial pattern. Moreover, the photosensitive elements
140 are separated from each other. This means that there s
no physical contact between the photosensitive elements
140. In this way, according to the actual conditions, the user
can make the photosensitive elements 140 receive the light
ray LR reflected by the reflecting surface 111 at a specific
direction.

[0035] In addition, in this embodiment, as shown in FIG.
2, each of the photosensitive elements 140 extends on the
installing surface 121 along a direction passing through the
light source 130. In this way, the photosensitive elements
140 are able to receive light ray LR with different reflecting
angles 0 at the reflecting surface 111. In other words, when
the photosensitive elements 140 receive the light ray LR
reflected by the reflecting surface 111, the photosensitive
elements 140 are not restricted by the reflecting angle 6 of
the light ray LR at the reflecting surface 111.

[0036] In practical applications,the photosensitive ele-
ments 140 are evenly distributed around the light source
130. Meanwhile, the quantity of the photosensitive elements
140 can be configured to be odd number or even number
according to the actual conditions.

[0037] In practical applications, the light source 130 can
be light-emitting diode (LED), laser diode or vertical-cavity
surface mating laser (VCSEL), etc. However, these choices
of light source 130 do not intend to limit the present
disclosure.

[0038] Reference is made to FIG. 3. FIG. 3 is a bottom
view of the allocation of photosensitive elements 140 rela-
tive to a light source 130 according to another embodiment
of the present disclosure. As shown in FIG. 3, the photo-
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sensitive elements 140 are mutually connected to form
together a photosensitive annulus 141a. In this way, the
photosensitive elements 140 are able to receive the light, ray
LR reflected by the reflecting surface 111 towards different
directions. In other words,in this embodiment, when the
photosensitive elements 140 receive the light ray LR
reflected by the reflecting surface 111, the photosensitive
elements 140 are not restricted by the reflecting direction of
the light ray LR at the reflecting surface 111.

[0039] Furthermore, the photosensitive elements 140 can
also form together a plurality of photosensitive annuluses.
The quantity of the photosensitive elements 140 on each of
the photosensitive annuluses can be designed to be the same
or different according to the actual conditions, in this
embodiment, as shown in FIG. 3, the quantity of the
photosensitive annuluses three, including the photosensitive
annuluses 141a, 1415, 141c¢, and the centers of the photo-
sensitive annuluses 141a, 1415, 141c¢ are located in the light
source region LA. For example, the quantities of the pho-
tosensitive elements 140 on the photosensitive annuluses
1414, 1415, 141c are different from each other. As shown in
FIG. 3, the photosensitive elements 140 forming the pho-
tosensitive annulus 141¢ are more than the photosensitive
elements 140 forming the photosensitive annulus 1415, and
the photosensitive elements 140 forming the photosensitive
annulus 1415 are more than the photosensitive elements 140
forming the photosensitive annulus 141a. On the other hand,
a distance exists between each of the photosensitive annu-
luses and the adjacent photosensitive annulus. To be more
specific, a distance D1 exists between the photosensitive
annulus 141a and the photosensitive annulus 1415, and a
distance D2 exists between the photosensitive annulus 1415
and the photosensitive annulus 141c¢. As a result, apart from
making the photosensitive elements 140 to be able to receive
the light ray LR reflected by the reflecting surface 111
towards different directions, according to actual conditions,
the user can make the photosensitive elements 140 to be able
to receive the light ray LR reflected by the reflecting surface
111 at a specific reflecting angle 6.

[0040] Reference is made to FIG. 4. FIG. 4 is a bottom
view of the allocation of photosensitive elements 140 rela-
tive to a light source 130 according to a further embodiment
of the present disclosure. In this embodiment, as shown in
FIG. 4, the user can make the photosensitive elements 140
close to the light source 130 mutually connected to from
together the photosensitive annulus 1414, and the photosen-
sitive elements 140 away from the light source 130 sepa-
rated from each other, such that the application of the optical
detecting device 100 becomes more flexible.

[0041] Reference is made to FIG. 5. FIG. 5 is a bottom
view of the allocation of photosensitive elements 140 rela-
tive to a light source 130 according to another embodiment
of the, present disclosure. Relatively speaking, in this
embodiment, as shown in FIG. 5, according to the actual
conditions, the user can make the photosensitive elements
140 close to the light source 130 separated from each other,
and the photosensitive elements 140 away from the light
source 130 mutually connected to from the photosensitive
annulus 141a, such that the application of the optical detect-
ing device 100 becomes more flexible.

[0042] Reference is made to FIG. 6. FIG. 6 is a bottom
view of the allocation of photosensitive elements 140 rela-
tive to a light source 130 according to a further embodiment
of the present disclosure. In this embodiment, as shown in
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FIG. 6, according to the actual conditions, the user can make
the photosensitive elements 140 arranged in a spiral pattern
on the installing surface 121 around the light source 130. In
this way, the application of the optical detecting device 100
becomes more flexible.

[0043] In summary, when compared with the prior art, the
embodiments of the present disclosure mentioned above
have at least the following advantages:

[0044] (1) Since the light source is at least partially located
in the light source region formed by the sides of the
photosensitive elements close to the light source, which
sides surround the light source, when the main body moves
along the moving direction relative to the reflecting element,
the photosensitive elements are able to receive the light ray
reflected by the reflecting surface towards the two-dimen-
sional directions with the variations in the reflecting direc-
tion, reflecting angle and/or magnitude. Thus, the optical
detecting device is able to achieve the effect of two-dimen-
sional detection, such that the detection by the optical
detecting device becomes more precise. Through the recep-
tion by the photosensitive elements the light ray reflected by
the reflecting surface towards the two-dimensional direc-
tions with the variations in the reflecting direction, reflecting
angle and/or magnitude, the processor is able to precisely
calculate the magnitude of movement of the main body
relative to the reflecting element on the plane formed by the
axial direction X and the axial direction Y along the moving
direction. In other words the optical detecting device is able
to precisely measure the magnitude of movement in the
two-dimensional directions.

[0045] (2) In the embodiment that each of the photosen-
sitive elements extends on the installing ace along a direc-
tion passing through the light source, the photosensitive
elements are, able to receive light ray with different reflect-
ing angles at the reflecting surface. In other words, when the
photosensitive elements receive the light ray reflected by the
reflecting surface, the photosensitive elements are not
restricted by the reflecting angle of the light ray LR at the
reflecting surface.

[0046] (3) In the embodiment that the photosensitive ele-
ments are mutually connected to form together a photosen-
sitive annulus, the photosensitive elements are able to
receive the light ray reflected by the reflecting surface
towards different directions. In other words, when the pho-
tosensitive elements receive the light ray reflected by the
reflecting surface, the photosensitive elements are not
restricted by the reflecting direction of the light ray at the
reflecting surface.

[0047] Although the present disclosure has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
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spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.
[0048] It will be apparent to the person having ordinary
skill in the art that various modifications and variations can
be made to the structure of the present disclosure without
departing from the scope or spirit of the present disclosure.
In view of the foregoing, it is intended that the present
disclosure cover modifications and variations of the present
disclosure provided they fall within the scope of the follow-
ing claims.

What is claimed is:

1. An optical detecting device, comprising:

a reflecting element having a reflecting surface;

a main body having an installing surface, the installing
surface at least partially facing to the reflecting surface,
the main body being configured to move along a
moving direction relative to the reflecting element, the
moving direction being substantially parallel with the
reflecting surface;

a light source disposed on the installing surface and
configured to emit a light ray towards the reflecting
surface; and

a plurality of photosensitive elements disposed on the
installing surface, sides of the photosensitive elements
close to the light source surrounding the light source to
form a light source region, the light source being at
least partially located in the light source region.

2. The optical detecting device of claim 1, wherein the
reflecting element, comprises a plurality of protruding struc-
tures located on the reflecting surface.

3. The optical detecting device of claim 1, wherein the
photosensitive elements are arranged in a radial pattern
around the light source.

4. The optical detecting device of claim 1, wherein the
photosensitive elements are arranged in a spiral pattern
around the light source.

5. The optical detecting device of claim 1, wherein the
photosensitive elements are separated from each other.

6. The optical detecting device of claim 1, wherein the
photosensitive elements are mutually connected to form
together at least one photosensitive annulus.

7. The optical detecting device of claim 6, wherein the
photosensitive elements form together a plurality of photo-
sensitive annuluses, the centers of photosensitive annuluses
are located in the light source region.

8. The optical detecting device of claim 7, wherein a
distance exists between each of the photosensitive annuluses
and the adjacent photosensitive annulus.

9. The optical detecting device of claim 1, further com-
prising a processor electrically connected with the photo-
sensitive elements.



