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providing a housing having a plurality of tunnels, in which each
of the tunnels has a first path, a second path, and a third path
sequentially connected and substantially extended along
different directions, the incident end of the tunnel 15 located at
an end of the first path away from the second path, and the exit
end of the tunnel is located at an end of the third path away
from the second path
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N
providing a plarality of light sources, in which the light sources
are configured to respectively emit first lights toward the
mcident ends, and the first lights have a first spectrum range
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paths, in which the spectroscopic structures are configured fo

separate the second lights from the first lights to the exit ends,

and the second Hghts have a second spectrum range within the
first spectrum range

N ¥
disposing a plurality of fiber optic asserablies in the tunnels
respectively, in which two ends of each of the fiber optic
assemblies are respectively located at the corresponding
incident end and the corresponding exit end, and cach of the
spectroscopic structures is disposed in the corresponding
fiber optic assembly

Fig. 6
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OPTICALLY VISUALIZED
ANTI-COUNTERFEITING ELECTRONIC
INTEGRATED APPARATUS AND
MANUFACTURING METHOD THEREOF

RELATED APPLICATIONS

[0001] This application claims priority to Taiwanese
Application Serial No. 104137045, filed Nov. 10, 2015,
which is herein incorporated by reference.

BACKGROUND
[0002] Technical Field
[0003] The present disclosure relates to an optically visu-

alized anti-counterfeiting electronic integrated apparatus
and a manufacturing method thereof.

[0004] Description of Related Art

[0005] With conventional rigid-body goods, the anti-coun-
terfeit trademark design is an indispensable part. The pur-
pose in the evolution of technology from using security
stickers to using housing embossing, and then eventually to
manufacturing and designing involving integral formation is
to achieve the effect of anti-counterfeiting by using different
processes or different materials, so as to curb counterfeiting
by unscrupulous businessmen.

[0006] So far, most of these anti-counterfeiting technolo-
gies have been limited only to the design of the external
housing of goods while the internal structures of the goods
have not yet been properly used and designed. Hence, this
area still leaves much room for development.

[0007] In other words, these technologies offer poor pro-
tection when encountering vandalism (e.g., tearing of stick-
ers), or with respect to reverse engineering (e.g., three-
dimensional reconstruction of housing). Regarding some
anti-counterfeit mark recognition technologies related to
invisible recognition words, particular conditions must be
present for such technologies to be realized (e.g., radiating
the invisible recognition words with ultraviolet light). That
is, such technologies do not allow consumers to use their
vision in a normal environment, and therefore are not
suitable as anti-counterfeit trademark applications.

SUMMARY

[0008] Accordingly, an aspect of the disclosure is to
provide an optically visualized anti-counterfeiting electronic
integrated apparatus to solve the above-mentioned prob-
lems.

[0009] The disclosure provides an optically visualized
anti-counterfeiting electronic integrated apparatus includes a
housing, a plurality of light sources, and a plurality of
spectroscopic structures. The housing has a plurality of
tunnels. Each of the tunnels has an incident end and an exit
end respectively present on opposite sides of the housing.
The light sources are configured to respectively emit first
lights toward the incident ends. The first lights have a first
spectrum range. The spectroscopic structures are respec-
tively disposed in the tunnels and respectively configured to
separate second lights from the first lights to the exit ends.
The second lights have a second spectrum range within the
first spectrum range.

[0010] In an embodiment of the disclosure, each of the
tunnels has a first path, a second path, and a third path
sequentially connected and substantially extended along
different directions. The incident end is located at an end of
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the first path away from the second path. The exit end is
located at an end of the third path away from the second
path. Each of the spectroscopic structures is located in the
corresponding second path.

[0011] In an embodiment of the disclosure, each of the
spectroscopic structures has an incident surface and an exit
surface respectively adjacent to the corresponding first path
and the corresponding third path. The incident surface is
configured to refract the first light into the spectroscopic
structure. The exit surface is configured to refract the first
light in the spectroscopic structure to obtain the second light
separated from the first light, and the second light leaves the
exit surface and then enters the corresponding third path.
[0012] In an embodiment of the disclosure, the optically
visualized anti-counterfeiting electronic integrated appara-
tus further includes a plurality of fiber optic assemblies
respectively disposed in the tunnels. Two ends of each of the
fiber optic assemblies are respectively located at the corre-
sponding incident end and the corresponding exit end. Each
of'the spectroscopic structures is disposed in the correspond-
ing fiber optic assembly.

[0013] In an embodiment of the disclosure, each of the
fiber optic assemblies includes two optical fibers and a
cladding member. The optical fibers are respectively located
between the corresponding incident end and the correspond-
ing spectroscopic structure and between the corresponding
spectroscopic structure and the corresponding exit end. The
cladding member envelops the optical fibers and the corre-
sponding spectroscopic structure.

[0014] In an embodiment of the disclosure, each of the
fiber optic assemblies further includes a light-absorbing
member. The light-absorbing member is disposed at the
inner wall of the cladding member and located between the
corresponding spectroscopic structure and the optical fiber
adjacent to the exit surface.

[0015] In an embodiment of the disclosure, the ends of
each of the fiber optic assemblies are respectively filled and
trimmed flush with the corresponding incident end and the
corresponding exit end.

[0016] In an embodiment of the disclosure, each of the
spectroscopic structures is at least a part of a prism, and the
part is configured to refract the first light twice.

[0017] The disclosure further provides a manufacturing
method of an optically visualized anti-counterfeiting elec-
tronic integrated apparatus. The manufacturing method
includes providing a housing having a plurality of tunnels,
wherein each of the tunnels has an incident end and an exit
end respectively present on opposite sides of the housing;
providing a plurality of light sources, wherein the light
sources are configured to respectively emit first lights
toward the incident ends, and the first lights have a first
spectrum range; and disposing a plurality of spectroscopic
structures in the tunnels respectively wherein each of the
spectroscopic structures is configured to separate a second
light from the first light to the corresponding exit end, and
the second light has a second spectrum range within the first
spectrum range.

[0018] In an embodiment of the disclosure, the providing
of the housing includes forming a first path, a second path,
and a third path sequentially connected and substantially
extended along different directions in the housing to form
each of the tunnels, wherein each of the incident ends is
located at an end of the corresponding first path away from
the corresponding second path, each of the exit ends is
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located at an end of the corresponding third path away from
the corresponding second path, and each of the spectro-
scopic structures is located in the corresponding second
path.

[0019] In an embodiment of the disclosure, the disposing
of'the spectroscopic structures includes disposing a plurality
of fiber optic assemblies in the tunnels respectively, wherein
two ends of each of the fiber optic assemblies are respec-
tively located at the corresponding incident end and the
corresponding exit end, and each of the spectroscopic struc-
tures is disposed in the corresponding fiber optic assembly.
[0020] In an embodiment of the disclosure, the providing
of'the housing and the disposing of the fiber optic assemblies
are performed by using the additive manufacturing technol-
ogy.

[0021] Accordingly, the optically visualized anti-counter-
feiting electronic integrated apparatus of the disclosure is
manufactured by using the additive manufacturing technol-
ogy. By modifying the internal structures in the optically
visualized anti-counterfeiting electronic integrated appara-
tus, vandalism or copying by reverse engineering is pre-
vented. Moreover, the optically visualized anti-counterfeit-
ing electronic integrated apparatus of the disclosure can be
mass-produced.

[0022] Furthermore, conventional anti-counterfeit mark
recognition technologies must be achieved under particular
conditions (e.g., radiating invisible recognition words with
ultraviolet light). The optically visualized anti-counterfeit-
ing electronic integrated apparatus of the disclosure com-
plies with optics-based designs, which allows users to use
their vision in a natural environment. Moreover, the opti-
cally visualized anti-counterfeiting electronic integrated
apparatus of the disclosure can provide significantly more
flexibility to designers by allowing a combination of light
and color appearance, so as to allow easier identification.
[0023] It is to be understood t hat both the foregoing
general description and the following detailed description
are by examples, and are intended to provide further expla-
nation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0025] FIG. 1 is a perspective view of an optically visu-
alized anti-counterfeiting electronic integrated apparatus
and a display area thereof according to an embodiment of the
disclosure;

[0026] FIG. 2 is a cross-sectional view of an optically
visualized anti-counterfeiting electronic integrated appara-
tus according to an embodiment of the disclosure;

[0027] FIG. 3 is a cross-sectional view of an optically
visualized anti-counterfeiting electronic integrated appara-
tus according to another embodiment of the disclosure;
[0028] FIG. 4 is a schematic diagram of a prism according
to an embodiment of the disclosure;

[0029] FIG. 5 is a front view of a display area of an
optically visualized anti-counterfeiting electronic integrated
apparatus according to an embodiment of the disclosure; and
[0030] FIG. 6 is a flow chart of a manufacturing method
of an optically visualized anti-counterfeiting electronic inte-
grated apparatus according to an embodiment of the disclo-
sure.
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DETAILED DESCRIPTION

[0031] Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.
[0032] The optically visualized anti-counterfeiting elec-
tronic integrated apparatus of the disclosure is manufactured
by using the additive manufacturing technology. By modi-
fying the internal structures in the optically visualized
anti-counterfeiting electronic integrated apparatus, vandal-
ism or copying by reverse engineering is prevented. More-
over, the optically visualized anti-counterfeiting electronic
integrated apparatus can be mass-produced. The optically
visualized anti-counterfeiting electronic integrated appara-
tus of the disclosure complies with optics-based designs,
which allows users to utilize their vision in a natural
environment. Moreover, the optically visualized anti-coun-
terfeiting electronic integrated apparatus of the disclosure
can provide significantly more flexibility to designers by
allowing a combination of light and color appearance, so as
to allow easier identification.

[0033] Referenceis made to FIG. 1. FIG. 1 is a perspective
view of an optically visualized anti-counterfeiting electronic
integrated apparatus 100 and a display area 101 thereof
according to an embodiment of the disclosure. As shown in
FIG. 1, the optically visualized anti-counterfeiting electronic
integrated apparatus 100 includes a housing 102, and the
display area 101 is formed on an exterior of the housing 102.
[0034] Reference is made to FIG. 2. FIG. 2 is a cross-
sectional view of an optically visualized anti-counterfeiting
electronic integrated apparatus 100 according to an embodi-
ment of the disclosure. As shown in FIG. 2, in some
embodiments, the optically visualized anti-counterfeiting
electronic integrated apparatus 100 includes a plurality of
light sources 300 (FIG. 2 only shows a single light source
300 as a representative example). The light sources 300 are
disposed in the optically visualized anti-counterfeiting elec-
tronic integrated apparatus 100 (FIG. 2 only shows a part of
the housing 102 for simplicity). The housing 102 has a
plurality of tunnels 200 (FIG. 2 only shows a single tunnel
200 as a representative example). Each of the tunnels 200
has an incident end 202 and an exit end 204, in which the
incident end 202 and the exit end 204 are respectively
present on opposite sides of t he housing 102, and the
incident end 202 is the end adjacent to the light sources 300.
The light sources 300 are configured to respectively emit
first lights 302 toward the incident ends 202. The first lights
302 have a first spectrum range.

[0035] As shown in FIG. 2, in addition to the housing 102
and the light sources 300, the optically visualized anti-
counterfeiting electronic integrated apparatus 100 further
includes a plurality of spectroscopic structures 400 (FIG. 2
only shows a single spectroscopic structure 400 as a repre-
sentative example). The spectroscopic structures 400 are
respectively disposed in the tunnels 200, and are respec-
tively configured to separate second lights 304 from the first
lights 302 and direct the second lights 304 to the exit ends
204. The second lights 304 have a second spectrum range.
[0036] As shown in FIG. 2, in some embodiments, each of
the tunnels 200 has a first path 206, a second path 208, and
a third path 210 that are sequentially connected and sub-
stantially extended along different directions. The incident
end 202 of'the tunnel 200 is located at an end of the first path
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206 away from the second path 208. The exit end 204 of the
tunnel 200 is located at an end of the third path 210 away
from the second path 208. Each of the spectroscopic struc-
tures 400 is located in the corresponding second path 208.
[0037] As shown in FIG. 2, in some embodiments, each of
the spectroscopic structures 400 has an incident surface 402
and an exit surface 404. The incident surface 402 and the
exit surface 404 are respectively adjacent to the correspond-
ing first path 206 and the corresponding third path 210. The
incident surface 402 is configured to refract the first light
302 into the spectroscopic structure 400. The exit surface
404 is configured to refract the first light 302 in the spec-
troscopic structure 400 to obtain the second light 304
separated from the first light 302, and the second light 304
leaves the exit surface 404 and then enters the third path 210.
[0038] The light sources 300 can be any kind of light-
emitting sources. For example, the light sources 300 can be
CCFLs (cold cathode fluorescent lights), LEDs (light emit-
ting diodes), filament lamps, halogen lamps or the like.
Moreover, the light sources 300 can be realized through any
formation or style of light-emitting sources. For example,
each of the light sources 300 can be a single LED of a single
light color or two or more LEDs of different light colors that
are mixed. The first spectrum range of the first lights 302
emitted by the light sources 300 is a continuous spectrum
range. That is, the first spectrum range is a continuous
electromagnetic wave spectrum. In some embodiments, the
first spectrum range is the visible light spectrum range from
about 380 nm to about 780 nm, but the disclosure is not
limited in this regard.

[0039] Reference is made to FIG. 4. FIG. 4 is a schematic
diagram of a prism 800 according to an embodiment of the
disclosure. As shown in FIG. 4 in some embodiments, the
spectroscopic structure 400 can be the whole prism 800 or
apart of the prism 800 configured to refract the first light 302
twice, but the disclosure is not limited in this regard. The
prism 800 is one of the most common spectroscopic struc-
tures. Lights of different wavelengths have different indexes
of refraction, and the prism 800 can refract and thus separate
the lights to be directed at different angles. After being
refracted twice, lights with different wavelengths will be
separated from the incident light. As discussed above, in
some embodiment, first spectrum range of the first lights 302
is a continuous spectrum range. The first spectrum range of
the first lights 302 at least includes the visible light spectrum
range, for example, at least includes primary colors such as
blue, green, and red. The primary colors are respectively in
a range from about 476 nm to about 495 nm, in a range from
about 495 nm to about 570 nm, and in a range from about
620 nm to about 750 nm. The primary colors have different
indexes of refraction, so when the first light 302 enters the
spectroscopic structure 400 from the incident surface 402,
the first light 302 will then be refracted by the spectroscopic
structure 400 twice before leaving the exit surface 404, and
the primary colors in the first light 302 will be separated
because they deflect at different angles (the blue light has the
largest deflection angle, the red light has the smallest deflec-
tion angle, and the deflection angle of the green light is
between those of the blue light and the red light).

[0040] The second light 304 is separated from the spec-
troscopic structure 400 and has a second spectrum range.
The second spectrum range is also a continuous spectrum
range, which is a portion of the visible light spectrum range.
In some embodiments, the second spectrum range of the
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second light 304 can be a blue color, a green color, a red
color, or other colors of visible spectrum ranges. It should be
pointed out that the spectrum range of the second light 304
entering the third path 210 can be adjusted by modifying the
extending direction of the third path 210 relative to the
second path 208. For example, the closer an angle between
the extending direction of the third path 210 and that of the
second path 208 is to 90 degrees, the more the spectrum
range of the second light 304 entering the third path 210
approaches short wavelengths (i.e., approaches a blue color).
On the other hand, the closer an angle between the extending
direction of the third path 210 and that of the second path
208 is to 180 degrees, the more the spectrum range of the
second light 304 entering the third path 210 approaches long
wavelengths (i.e., approaches a red color).

[0041] Reference is made to FIG. 3. FIG. 3 is a cross-
sectional view of an optically visualized anti-counterfeiting
electronic integrated apparatus 100 according to another
embodiment of the disclosure. As shown in FIG. 3, in this
embodiment, the optically visualized anti-counterfeiting
electronic integrated apparatus 100 also includes the housing
102, the light sources 300, and the spectroscopic structures
400. The structures and functions of the housing 102, the
light sources 300, and the spectroscopic structures 400, and
the physical connection relationships thereamong can be
ascertained by reference to the embodiment of FIG. 2 and
the related descriptions above, and therefore are not repeated
here for the sake of brevity. It should be pointed out that the
optically visualized anti-counterfeiting electronic integrated,
apparatus 100 can further include a plurality of fiber optic
assemblies 500 (FIG. 3 only shows a single fiber optic
assembly 500 as a representative example) respectively
disposed in the tunnels 200 of the housing 102. Two ends
502 and 504 of each of the fiber optic assemblies 500 are
respectively located at the corresponding incident end 202
and the corresponding exit end 204. Each of the spectro-
scopic structures 400 is disposed in the corresponding fiber
optic assembly 500.

[0042] In this embodiment, each of the fiber optic assem-
blies 500 includes two optical fibers 506 and 508 and a
cladding member 600. The optical fiber 506 of the fiber optic
assembly 500 is located between the incident end 202 and
spectroscopic structure 400, and the optical fiber 508 is
located between the spectroscopic structure 400 and the exit
end 204. The cladding member 600 of the fiber optic
assembly 500 is configured to envelop the optical fibers 506
and 508 and the spectroscopic structure 400.

[0043] As discussed above, after the first light 302 emitted
from the light source 300 is refracted by the spectroscopic
structure 400, lights having different spectrum ranges can be
separated from the first light 302. In order to refract the light
twice by using the spectroscopic structure 400 to obtain the
desired spectrum range (i.e., the desired color) and mark at
the exit end 204, optical paths must be properly configured
to comply with certain optical conditions. In other words,
without properly configuring the optical paths to comply
with certain optical conditions, the emitted light will scatter
and occur loss in the medium (e.g., the housing 102 or the
tunnel 200), and the desired spectrum range and mark cannot
be obtained at the exit end 204.

[0044] The use of the fiber optic assemblies 500 can meet
the requirements of design. It should be understood that
when light is emitted from an optically denser medium to an
optically thinner medium, the refraction angle will be greater
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than the incidence angle. When the incidence angle is
increased to the critical angle Oc, the incidence angle can be
equal to 90 degrees. if the incidence angle is greater than the
critical angle B¢, the light will be totally reflected back to the
original medium (i.e., the optically denser medium), and this
is referred to as TIR (total internal reflection). For example,
the indexes of the optically denser medium and the optically
thinner medium are respectively n, and n, (n,>n,), and
according to Snell’s Law (n, sin0,=n, sin0,), the critical
angle Oc¢ satisfies the formula sinBc=n,/n,. It is this effect
that is used by the fiber optic assemblies 500 to transmit light
therein. The angle of the light emitted into the fiber optic
assembly 500 must be greater than the critical angle 8¢ to
satisfy TIR, so that to allow the first light 302 to be
transmitted in the fiber optic assembly 500, the designer
must make the angle of the first light 302 emitted by the light
source 300 entering the incident end 202 satisfy TIR.
[0045] In general, the fiber optic assembly 500 needs at
least a cladding layer to protect the fiber optic assembly 500.
In some embodiments, the cladding member 600 envelops
the optical fibers 506 and 508 and the spectroscopic struc-
ture 400.

[0046] The structures and functions of the spectroscopic
structure 400 and the fiber optic assembly 500 and the
physical connection relationships thereamong can be ascer-
tained by reference to the embodiment of FIG. 3 and the
related descriptions above, and therefore are not repeated
here for the sake of brevity. The procedures related to light
being transmitted in the fiber optic assembly 500 and
refracted by the spectroscopic structure 400 are described in
greater detail below. The light source 300 emits the first light
302 to enter the optical fiber 506 from the end 502 away
from the spectroscopic structure 400 with an angle satisfying
TIR, and the first light 302 then enters a first space S1 from
the end of the optical fiber 506 adjacent to the spectroscopic
structure 400. Subsequently, the first light 302 enters the
spectroscopic structure 400 through the incident surface 402
and is refracted twice by the spectroscopic structure 400, and
the second light 304 then leaves the spectroscopic structure
400 from the exit surface 404 to enter a second space S2.
Afterwards, the second light 304 enters the optical fiber 508
from the end adjacent to the spectroscopic structure 400 with
an angle satisfying TIR. Finally, the second light 304 leaves
the optical fiber 508 from the end 504 away from the
spectroscopic structure 400.

[0047] As discussed above, lights having different spec-
trum ranges can be separated from the light refracted by the
spectroscopic structure 400, but the designer only desires to
obtain the second light 304 having a specific spectrum range
after leaving the exit surface 404 of the spectroscopic
structure 400. To satisty such a design requirement, the
normal direction of the incident surface of the end of the
optical fiber 508 adjacent to the spectroscopic structure 400
must be the same as the traveling direction of the light of the
desired spectrum range. In order to precisely obtain the light
of the desired spectrum range and reduce the cross talk of
lights of other spectrum ranges, a light-absorbing member
700 can be disposed at the inner wall of the cladding
member 600 and located between the spectroscopic structure
400 and the end of the optical fiber 508 adjacent to the
spectroscopic structure 400, so as to absorb the lights of the
undesired spectrum ranges.

[0048] It is worth mentioning that in some embodiments,
all internal components of the housing 102 of the optically

May 11,2017

visualized anti-counterfeiting electronic integrated appara-
tus 100 (e.g., the housing 102, the spectroscopic structure
400, and the fiber optic assembly 500 shown in FIGS. 2, 3,
and 4) can be manufactured by using the additive manufac-
turing technology. The additive manufacturing technology is
known also as the 3D printing technology, and involves
continually adding and stacking material to manufacture the
desired object under the control of a computer. Therefore,
the additive manufacturing technology can guarantee that
the manufactured object is integrally formed without addi-
tional assembly procedures. In some embodiments, the
configurations, the starting points, and the ending points of
the fiber optic assemblies 500 can be designed by using a
computer graphics algorithm, and the curvatures of the fiber
optic assemblies 500 are minimized to ensure that the fiber
optic assemblies 500 are separated from each other, so as to
prevent lights of different spectrum ranges from cross talk-
ing. Furthermore, owing to the feature of integral formation
associated with the additive manufacturing technology, the
ends 502 and 504 of the fiber optic assembly 500 can be
filled and trimmed flush respectively with the incident end
202 and the exit end 204.

[0049] Reference is made to FIG. 5. FIG. 5 is a front view
of the display area 101 of an optically visualized anti-
counterfeiting electronic integrated apparatus 100 according
to an embodiment of the disclosure. As shown in FIG. 5, in
some embodiments, a pattern 101a of a T-shaped mark can
be displayed in the display area 101. To display a first color
at a first region 1015 within the T-shaped mark and display
a second color at a second region 101c¢ outside of the
T-shaped mark, the designer can configure the ends 504 (i.e.,
the exit ends 204) of the fiber optic assemblies 500 by using
a computer graphics algorithm to display the first color in the
first region 1015 and the second color in the second region
101c, so as to realize the T-shaped mark with different
colors. Furthermore, in order to prevent the lights of differ-
ent colors at the junction of the first region 1015 and the
second region 101¢ from cross talking, a light-absorbing
material (not shown) can be disposed at the junction. There-
fore, by making the exit ends 204 of all tunnels 200 in the
first region 1015 to output the second lights 304 of the first
color and making the exit ends 204 of all tunnels 200 in the
second region 101c¢ to output the second lights 304 of the
second color, the visualized pattern 101a can be displayed in
the display area 101.

[0050] Reference is made to FIG. 6. FIG. 6 is a flow chart
900 of a manufacturing method of an optically visualized
anti-counterfeiting electronic integrated apparatus 100
according to an embodiment of the disclosure. As shown in
FIG. 6, in some embodiments, the manufacturing method of
an optically visualized anti-counterfeiting electronic inte-
grated apparatus 100 can be implemented by performing
processes outlined in the flow chart 900. Each block in FIG.
6 represents one or more processes that can be performed in
the flow chart 900. The order of the blocks is provided only
as an example and can be changed as needed. Additional
blocks can be provided or the blocks in FIG. 6 can be
omitted without departing from the concept of the disclo-
sure.

[0051] The flow chart 900 begins with block 902 in which
a housing having a plurality of tunnels is provided. Each of
the tunnels has a first path, a second path, and a third path
sequentially connected and substantially extended along
different directions. The incident end of the tunnel is located
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at an end of the first path away from the second path, and the
exit end of the tunnel is located at an end of the third path
away from the second path. With reference to FIG. 1 and
FIG. 2, the optically visualized anti-counterfeiting electronic
integrated apparatus 100 includes the housing 102. The
housing 102 has the tunnel 200, and the tunnel 200 has a first
path 206, a second path 208, and a third path 210 sequen-
tially connected and substantially extended along different
directions, in which the incident, end 202 is located at an end
of the first path 206 away from the second path 210, and the
exit end 204 is located at an end of the third path 210 away
from the second path 208.

[0052] The flow chart 900 continues with block 904 in
which a plurality of light sources are provided. The light
sources are configured to respectively emit first lights
toward the incident ends, and the first lights have a first
spectrum range. With reference to FIG. 2, the optically
visualized anti-counterfeiting electronic integrated appara-
tus 100 further includes the light sources 300. The light
sources 300 are disposed in the optically visualized anti-
counterfeiting electronic integrated apparatus 100 (FIG. 2
only shows a part of the housing 102), and are configured to
respectively emit first lights 302 toward the incident ends
202, and the first lights 302 have a first spectrum range.
[0053] The flow chart 900 continues with block 906 in
which a plurality of spectroscopic structures are respectively
disposed in the second paths. The spectroscopic structures
are configured to separate the second lights from the first
lights to the exit ends, and the second lights have a second
spectrum range within the first spectrum range. With refer-
ence to FIG. 2, the optically visualized anti-counterfeiting
electronic integrated apparatus 100 further includes the
spectroscopic structures 400. Each of the spectroscopic
structures 400 has an incident surface 402 and an exit
surface 404 respectively adjacent to the first path 206 and the
third path 210. The incident surface 405 is configured to
refract the first light 302 into the spectroscopic structure 400.
The exit surface 404 is configured to refract the first light
302 in the spectroscopic structure 400 to obtain the second
light 304 separated from the first light 302, and the second
light 304 leaves the exit surface 404 and then enters the third
path 210, in which the second light 304 has a second
spectrum range within the first spectrum range.

[0054] The flow chart 900 continues with block 908 in
which a plurality of fiber optic assemblies are respectively
disposed in the tunnels. Two ends of each of the fiber optic
assemblies are respectively located at the corresponding
incident end and the corresponding exit end, and each of the
spectroscopic structures is disposed in the corresponding
fiber optic assembly. With reference to FIG. 3, in addition to
the housing 102, the light sources 300, and the spectroscopic
structures 400, the optically visualized anti-counterfeiting
electronic integrated apparatus 100 further includes the fiber
optic assemblies 500 disposed in the tunnels 200 of the
housing 102. Two ends 502 and 504 of each of the fiber optic
assemblies 500 are respectively located at the corresponding
incident end 202 and the corresponding exit end 204. Each
of the spectroscopic structures 400 is disposed in the cor-
responding fiber optic assembly 500.

[0055] In the blocks 902, 906, and 908, the housing 102,
the spectroscopic structures 400, and the fiber optic assem-
blies 500 are manufactured by using the additive manufac-
turing technology. As discussed above, the additive manu-
facturing technology ensures that the manufactured object is
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integrally formed, so that the appearance of the housing 102
is substantially continuous, and users cannot visually and
tactilely perceive differences, thereby enhancing the anti-
counterfeiting properties.

[0056] According to the foregoing recitations of the
embodiments of the disclosure, it can be seen that the
internal structures in the optically visualized anti-counter-
feiting electronic integrated apparatus of the disclosure can
be modified by using the additive manufacturing technology
to prevent vandalism or copying by reverse engineering.
Moreover, the optically visualized anti-counterfeiting elec-
tronic integrated apparatus can be mass-produced. Further-
more, the optically visualized anti-counterfeiting electronic
integrated apparatus of the disclosure complies with an
optics-based design, which allows users to use their vision
in a natural environment. Moreover, the optically visualized
anti-counterfeiting electronic integrated apparatus of the
disclosure can provide significantly more flexibility to
designers by allowing a combination of light and color
appearance, so as to allow easier identification.

[0057] Although the present disclosure has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.
[0058] It will be apparent to those skilled 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 disclosure. In view of the foregoing,
it is intended that the present disclosure cover modifications
and variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:

1. An optically visualized anti-counterfeiting electronic
integrated apparatus, comprising:

a housing having a plurality of tunnels, each of the tunnels
having an incident end and an exit end respectively
present on opposite sides of the housing;

a plurality of light sources configured to respectively emit
first lights toward the incident ends, the first lights
having a first spectrum range; and

a plurality of spectroscopic structures respectively dis-
posed in the tunnels and respectively configured to
separate second lights from the first lights to the exit
ends, wherein the second lights have a second spectrum
range within the first spectrum range.

2. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 1, wherein each of the tunnels
has a first path, a second path, and a third path sequentially
connected and substantially extended along different direc-
tions, the incident end is located at an end of the first path
away from the second path, the exit end is located at an end
of the third path away from the second path, and each of the
spectroscopic structures is located in the corresponding
second path.

3. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 2, wherein each of the spec-
troscopic structures has an incident surface and an exit
surface respectively adjacent to the corresponding first path
and the corresponding third path, the incident surface is
configured to refract the first light into the spectroscopic
structure, the exit surface is configured to refract the first
light in the spectroscopic structure to obtain the second light
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separated from the first light, and the second light leaves the
exit surface and then enters the corresponding third path.

4. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 1, further comprising a plu-
rality of fiber optic assemblies respectively disposed in the
tunnels, wherein two ends of each of the fiber optic assem-
blies are respectively located at the corresponding incident
end and the corresponding exit end, and each of the spec-
troscopic structures is disposed in the corresponding fiber
optic assembly.

5. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 4, wherein each of the fiber
optic assemblies comprises:

two optical fibers respectively located between the cor-
responding incident end and the corresponding spec-
troscopic structure and between the corresponding
spectroscopic structure and the corresponding exit end;
and

a cladding member enveloping the optical fibers and the
corresponding spectroscopic structure.

6. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 5, wherein each of the fiber
optic assemblies further comprises:

a light-absorbing member disposed at the inner wall of the
cladding member and located between the correspond-
ing spectroscopic structure and the optical fiber adja-
cent to the exit surface.

7. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 4, wherein the ends of each of
the fiber optic assemblies are respectively filled and trimmed
flush with the corresponding incident end and the corre-
sponding exit end.

8. The optically visualized anti-counterfeiting electronic
integrated apparatus of claim 1, wherein each of the spec-
troscopic structures is at least a part of a prism, and the part
is configured to refract the first light twice.

9. A manufacturing method of an optically visualized
anti-counterfeiting electronic integrated apparatus, compris-
ing:
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providing a housing having a plurality of tunnels, wherein
each of the tunnels has an incident end and an exit end
respectively present on opposite sides of the housing;

providing a plurality of light sources, wherein the light
sources are configured to respectively emit first lights
toward the incident ends, and the first lights have a first
spectrum range; and

disposing a plurality of spectroscopic structures in the

tunnels respectively, wherein each of the spectroscopic
structures is configured to separate a second light from
the first light to the corresponding exit end, and the
second light has a second spectrum range within the
first spectrum range.

10. The manufacturing method of claim 9, wherein the
providing of the housing comprises:

forming a first path, a second path, and a third path

sequentially connected and substantially extended
along different directions in the housing to form each of
the tunnels, wherein each of the incident ends, is
located at an end of the corresponding first path away
from the corresponding second path, each of the exit
ends is located at an end of the corresponding third path
away from the corresponding second path, and each of
the spectroscopic structures is located in the corre-
sponding second path.

11. The manufacturing method of claim g, wherein the
disposing of the spectroscopic structures comprises:

disposing a plurality of fiber optic assemblies in the

tunnels respectively, wherein two ends of each of the
fiber optic assemblies are respectively located at the
corresponding incident end and the corresponding exit
end, and each of the spectroscopic structures is dis-
posed in the corresponding fiber optic assembly.

12. The manufacturing method of claim 11, wherein the
providing of the housing and the disposing of the fiber optic
assemblies e performed by using the additive manufacturing
technology.



