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OPTICAL MODULE, DISPLAY DEVICE
CONTAINING THE SAME AND METHOD
FOR MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims priority to Taiwanese Appli-
cation Serial Number 103118829 filed May 29, 2014, which
is herein incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to an optical module,

and more particularly, to an optical module made by an injec-
tion molding process.

[0004] 2. Description of Related Art

[0005] In a display device, an optical module is usually
formed by adhering a light guide plate and a cover lens by an
adhesive. In the adhesion process, the adhesive, a surface of
the light guide plate, or a surface of the cover lens may be
attached with contamination particles, such as dust or the like.
The contamination particles may form obvious dark points on
a display surface of the display device, and even cause the
detaching of the adhesive interface between the light guide
plate and the cover lens in the optical module, so as to
decrease the reliability of the display device.

[0006] Therefore, there is a need for an improved optical
module and method for manufacturing thereof to solve the
aforementioned problems met in the art.

SUMMARY

[0007] The present disclosure provides an optical module
and a method for manufacturing thereof, so as to solve the
aforementioned problems met in the art, and increase the
reliability of a display device.

[0008] One embodiment of the present disclosure is to pro-
vide an optical device. The optical module includes a light
guide plate and a decoration layer. The light guide plate
includes at least one light-entering surface, a first light-ex-
tracting surface adjacent to the light-entering surface and a
second light-extracting surface opposite to the first light-
extracting surface. The decoration layer covers the second
light-extracting surface of the light guide plate by an injection
molding process.

[0009] According to one embodiment of the present disclo-
sure, the light guide plate further includes a flange extended
from an upper sidewall of the light-entering surface.

[0010] According to one embodiment of the present disclo-
sure, the flange is bended toward the first light-extracting
surface.

[0011] According to one embodiment of the present disclo-
sure, the flange and the light-entering surface form a housing
space, and the housing space is adjacent to the light-entering
surface.

[0012] According to one embodiment of the present disclo-
sure, a material of the light guide plate includes polycarbon-
ate (PC), polymethyl methacrylate (PMMA) or a combina-
tion thereof.

[0013] According to one embodiment of the present disclo-
sure, a thickness of the light guide plate is in a range of
500-1,500 pm.

[0014] According to one embodiment of the present disclo-
sure, the first light-extracting surface of the light guide plate
further includes an optical microstructure.
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[0015] According to one embodiment of the present disclo-
sure, a material of the decoration layer includes a polyester
plastic.

[0016] According to one embodiment of the present disclo-

sure, the polyester plastic includes polycarbonate (PC), poly-
methyl methacrylate (PMMA), polyethylene terephthalate
(PET) or a combination thereof.

[0017] According to one embodiment of the present disclo-
sure, the material of the decoration layer is the same as or
different from that of the light guide plate.

[0018] According to one embodiment of the present disclo-
sure, a thickness of the decoration layer is in a range of
100-300 pm.

[0019] According to one embodiment of the present disclo-
sure, a thickness ratio of the decoration layer to the light guide
plate is in a range of 0.06-0.6.

[0020] According to one embodiment of the present disclo-
sure, the decoration layer includes a light-transmitting por-
tion and a light-blocking portion adjacent to the light-trans-
mitting portion.

[0021] According to one embodiment of the present disclo-
sure, the light-transmitting portion is arranged at a center
position of the decoration layer, and the light-blocking por-
tion surrounds the light-transmitting portion.

[0022] According to one embodiment of the present disclo-
sure, the light-blocking portion further includes at least one
pigment.

[0023] According to one embodiment of the present disclo-
sure, the injection molding process includes an in-mold deco-
ration process, an in-mold forming process, an out-side mold
decoration process or a combination thereof.

[0024] Another embodiment of the present disclosure is to
provide a display device. The display device includes a light
source module and a display unit. The light source module
includes the optical module as mentioned above and at least
one light source positioned to emit light toward the light-
entering surface. The display unit is positioned on the side of
the first light-extracting surface of the light guide plate of the
optical module, and the first light-extracting surface of the
light guide plate is between the second light-extracting sur-
face and the display unit.

[0025] According to one embodiment of the present disclo-
sure, the display unit is a reflective display unit.

[0026] Further another embodiment of the present disclo-
sure is to provide a method for manufacturing an optical
module. The method includes the following steps. A light
guide plate is provided. The light guide plate has a light-
entering surface, a first light-extracting surface adjacent to the
light-entering surface and a second light-extracting surface
opposite to the first light-extracting surface. An injection
molding process is performed to form a decoration layer on
the second light-extracting surface of the light guide plate.
[0027] According to one embodiment of the present disclo-
sure, the method further includes forming an optical micro-
structure on the first light-extracting surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] For a more complete understanding of the present
invention, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0029] FIG. 1 is a schematic cross-sectional view of an
optical module 100 according to one embodiment of the
present disclosure;
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[0030] FIG. 2 is a schematic cross-sectional view of an
optical module 200 according to one embodiment of the
present disclosure;

[0031] FIG. 3 is a schematic cross-sectional view of an
optical module 300 according to one embodiment of the
present disclosure;

[0032] FIG. 4 is a schematic cross-sectional view of a dis-
play device 400 according to one embodiment of the present
disclosure;

[0033] FIGS. 5A-5B are schematic cross-sectional views
of various stages of manufacturing an optical module 500
according to one embodiment of the present disclosure; and
[0034] FIG. 6 is a schematic cross-sectional view of a stage
of manufacturing an optical module 600 according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0035] The embodiments of the transparent heat-conduct-
ing structure and a method for manufacturing the same of the
present disclosure are discussed in detail below, but not lim-
ited the scope of the present disclosure. The same symbols or
numbers are used to the same or similar portion in the draw-
ings or the description. And the applications of the present
disclosure are not limited by the following embodiments and
examples which the person in the art can apply in the related
field.

[0036] The singular forms “a,” “an” and “the” used herein
include plural referents unless the context clearly dictates
otherwise. Therefore, reference to, for example, a metal layer
includes embodiments having two or more such metal layers,
unless the context clearly indicates otherwise. Reference
throughout this specification to “one embodiment” means
that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one
embodiment of the present disclosure. Therefore, the appear-
ances of the phrases “in one embodiment™ or “in an embodi-
ment” in various places throughout this specification are not
necessarily all referring to the same embodiment. Further, the
particular features, structures, or characteristics may be com-
bined in any suitable manner in one or more embodiments. It
should be appreciated that the following figures are not drawn
to scale; rather, the figures are intended; rather, these figures
are intended for illustration.

[0037] In a conventional optical module, an adhesive is
used to adhesive a light guide plate and a cover lens. In the
adhesion process, contamination particles, such as dust or the
like, may be attached to the adhesive, a surface of the light
guide plate, or a surface of the cover lens. A decoration layer
in some embodiments of the present disclosure is formed on
a light guide plate by an injection molding process, so as to
solve the aforementioned problems met in the art.

[0038] Because of an evacuation step of a mold in the
injection molding process, most dust may be removed by the
evacuation step, so that the contamination particles, such as
dust or the like, adsorbed on the adhesive is significantly
decreased. In addition, by the injection molding process, the
decoration layer formed on the light guide plate may solve the
problem of the decoration layer peered form the light guide
layer by an adhesion.

[0039] Referring to FIG. 1. FIG. 1 is a schematic cross-
sectional view of an optical module 100 according to one
embodiment of the present disclosure. In FIG. 1, the optical
module 100 includes a light guide plate 110 and a decoration
layer 120.
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[0040] The light guide plate 110 includes at least one light-
entering surface 111, a first light-extracting surface 112 adja-
cent to the light-entering surface 111 and a second light-
extracting surface 113 opposite to the first light-extracting
surface 112. According to one embodiment of the present
disclosure, a material of the light guide plate 110 includes
polycarbonate (PC), polymethyl methacrylate (PMMA) or a
combination thereof. According to one embodiment of the
present disclosure, a thickness (T1) of the light guide plate
110 is in a range of 500-1,500 pm. According to one embodi-
ment of the present disclosure, the first light-extracting sur-
face 112 of the light guide plate 110 further includes an
optical microstructure 114.

[0041] The decoration layer 120 covers the second light-
extracting surface 113 of the light guide plate 110 by an
injection molding process. According to one embodiment of
the present disclosure, the injection molding process includes
an in-mold decoration process, an in-mold forming process,
an out-side mold decoration process or a combination thereof.
According to one embodiment of the present disclosure, a
material of the decoration layer 120 includes a polyester
plastic. According to one embodiment of the present disclo-
sure, the polyester plastic includes polycarbonate (PC), poly-
methyl methacrylate (PMMA), polyethylene terephthalate
(PET) or a combination thereof. According to one embodi-
ment of the present disclosure, the material of the decoration
layer 120 is the same as or different from that of the light
guide plate 110. According to one embodiment of the present
disclosure, a thickness (T2) of the decoration layer 120 isin a
range of 100-300 um. According to one embodiment of the
present disclosure, a thickness ratio (T2/T1) of the decoration
layer 120 to the light guide plate 110 is in a range of 0.06-0.6.

[0042] In FIG. 1, the decoration layer 120 of the optical
module 100 includes a light-transmitting portion 121 and a
light-blocking portion 122 adjacent to the light-transmitting
portion 121. According to one embodiment of the present
disclosure, the light-transmitting portion 121 is arranged at a
center position of the decoration layer 120, and the light-
blocking portion 122 surrounds the light-transmitting portion
121. According to one embodiment of the present disclosure,
the light-blocking portion 122 further includes at least one
pigment.

[0043] FIG. 2 is a schematic cross-sectional view of an
optical module 200 according to one embodiment of the
present disclosure. In FIG. 2, the optical module 200 includes
a light guide plate 210 and a decoration layer 220.

[0044] The light guide plate 210 includes at least one light-
entering surface 211, a first light-extracting surface 212 adja-
cent to the light-entering surface 211 and a second light-
extracting surface 213 opposite to the first light-extracting
surface 212. The first light-extracting surface 212 of the light
guide plate 210 further includes an optical microstructure
214. Different from the optical module 100 in FIG. 1, the light
guide plate 210 of the optical module 200 further includes a
flange 230 extended from an upper sidewall of the light-
entering surface 211.

[0045] The decoration layer 220 covers the second light-
extracting surface 213 of the light guide plate 210 by an
injection molding process. The decoration layer 220 includes
a light-transmitting portion 221 and a light-blocking portion
222 adjacent to the light-transmitting portion 221.

[0046] FIG. 3 is a schematic cross-sectional view of an
optical module 300 according to one embodiment of the
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present disclosure. In FIG. 3, the optical module 300 includes
a light guide plate 310 and a decoration layer 320.

[0047] The light guide plate 310 includes at least one light-
entering surface 311, a first light-extracting surface 312 adja-
cent to the light-entering surface 311 and a second light-
extracting surface 313 opposite to the first light-extracting
surface 312. The first light-extracting surface 312 of the light
guide plate 310 further includes an optical microstructure
314. Different from the flange 230 the optical module 200 in
FIG. 2, a flange 330 of the light guide plate 310 in the optical
module 300 is bended toward the first light-extracting surface
312. According to one embodiment of the present disclosure,
the flange 330 and the light-entering surface 311 form a
housing space 332, and the housing space 332 is adjacent to
the light-entering surface 311. According to one embodiment
of the present disclosure, the flange 330 is bended toward a
top side of the second light-extracting surface 313.

[0048] The decoration layer 320 covers the second light-
extracting surface 313 of the light guide plate 310 by an
injection molding process. The decoration layer 320 includes
a light-transmitting portion 321 and a light-blocking portion
322 adjacent to the light-transmitting portion 321.

[0049] FIG. 4 is a schematic cross-sectional view of a dis-
play device 400 according to one embodiment of the present
disclosure. In FIG. 4, the display device 400 includes a light
source module 410 and a display unit 420. The light source
module 410 includes the optical module 200 as shown in FI1G.
2 and at least one light source 411 positioned to emit light
toward the light-entering surface 211. The display unit 420 is
positioned on the side of the first light-extracting surface 212
of the light guide plate 210 of the light source module 410,
and the first light-extracting surface 212 of the light guide
plate 210 is between the second light-extracting surface 213
and the display unit 420. According to one embodiment of the
present disclosure, the light source 411 is a light-emitting
diode (LED). According to one embodiment of the present
disclosure, the display unit 420 is a reflective display unit.
[0050] FIGS. 5A-5B are schematic cross-sectional views
of various stages of manufacturing an optical module 500
according to one embodiment of the present disclosure. In
FIG. 5A, a light guide plate 510 is provided. The light guide
plate 510 has a light-entering surface 511, a first light-extract-
ing surface 512 adjacent to the light-entering surface 511 and
a second light-extracting surface 513 opposite to the first
light-extracting surface 512. The light guide plate 510 further
includes a flange 520 extended from an upper sidewall of the
light-entering surface 511.

[0051] In FIG. 5B, an injection molding process is per-
formed to form a decoration layer 530 on the second light-
extracting surface 513 of the light guide plate 510. According
to one embodiment of the present disclosure, the injection
molding process includes an in-mold decoration process, an
in-mold forming process, an out-side mold decoration pro-
cess or a combination thereof. The decoration layer 530
includes a light-transmitting portion 531 and a light-blocking
portion 532 adjacent to the light-transmitting portion 531.
According to one embodiment of the present disclosure, the
light-transmitting portion 531 is arranged at a center position
of the decoration layer 530, and the light-blocking portion
532 surrounds the light-transmitting portion 531.

[0052] FIG. 6 is a schematic cross-sectional view of a stage
of manufacturing an optical module 600 according to one
embodiment of the present disclosure. In FIG. 6, a light guide
plate 610 is provided. The light guide plate 610 has a light-
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entering surface 611, a first light-extracting surface 612 adja-
cent to the light-entering surface 611 and a second light-
extracting surface 613 opposite to the first light-extracting
surface 612. The light guide plate 610 further includes a
flange 620 extended from an upper sidewall of the light-
entering surface 611. An injection molding process is per-
formed to form a decoration layer 630 on the second light-
extracting surface 613 of the light guide plate 610. The
decoration layer 630 includes a light-transmitting portion 631
and a light-blocking portion 632 adjacent to the light-trans-
mitting portion 631. In FIG. 6, the manufacturing method of
the optical module 600 further includes forming an optical
microstructure 614 on the first light-extracting surface 612.
[0053] Insome embodiments of the present disclosure, the
decoration layer formed on the light guide plate by the injec-
tion molding process may decrease contamination particles,
such as dust or the like, attached to a surface of the light guide
plate, and may solve the problem of the detaching of the
adhesive interface between the light guide plate and the cover
lens, so as to increase the reliability of the display device.
[0054] Although embodiments of the present disclosure
and their advantages have been described in detail, they are
not used to limit the present disclosure. It should be under-
stood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope of
the present disclosure. Therefore, the protecting scope of the
present disclosure should be defined as the following claims.

What is claimed is:

1. An optical module, comprising:

a light guide plate comprising at least one light-entering
surface, a first light-extracting surface adjacent to the
light-entering surface and a second light-extracting sur-
face opposite to the first light-extracting surface; and

adecoration layer covering the second light-extracting sur-
face of the light guide plate by an injection molding
process.

2. The optical module of claim 1, wherein the light guide
plate further comprises a flange extended from an upper side-
wall of the light-entering surface.

3. The optical module of claim 2, wherein the flange is
bended toward the first light-extracting surface.

4. The optical module of claim 3, wherein the flange and
the light-entering surface form a housing space, and the hous-
ing space is adjacent to the light-entering surface.

5. The optical module of claim 1, wherein a material of the
light guide plate comprising polycarbonate (PC), polymethyl
methacrylate (PMMA) or a combination thereof.

6. The optical module of claim 1, wherein a thickness of the
light guide plate is in a range of 500-1,500 pum.

7. The optical module of claim 1, wherein the first light-
extracting surface of the light guide plate further comprises an
optical microstructure.

8. The optical module of claim 1, wherein a material of the
decoration layer comprises a polyester plastic.

9. The optical module of claim 8, wherein the polyester
plastic comprises polycarbonate (PC), polymethyl methacry-
late (PMMA), polyethylene terephthalate (PET) or a combi-
nation thereof.

10. The optical module of claim 1, wherein a thickness of
the decoration layer is in a range of 100-300 pm.

11. The optical module of claim 1, wherein a thickness
ratio of the decoration layer to the light guide plate is in a
range of 0.06-0.6.
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12. The optical module of claim 1, wherein the decoration
layer comprises a light-transmitting portion and a light-
blocking portion adjacent to the light-transmitting portion.

13. The optical module of claim 12, wherein the light-
transmitting portion is arranged at a center position of the
decoration layer, and the light-blocking portion surrounds the
light-transmitting portion.

14. The optical module of claim 12, wherein the light-
blocking portion further comprises at least one pigment.

15. The optical module of claim 1, wherein the injection
molding process comprises an in-mold decoration process, an
in-mold forming process, an out-side mold decoration pro-
cess or a combination thereof.

16. A display device, comprising:

a light source module comprising the optical module of
claim 1 and at least one light source positioned to emit
light toward the light-entering surface; and

a display unit positioned on the side of the first light-
extracting surface of the light guide plate of the optical
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module, and the first light-extracting surface of the light
guide plate being between the second light-extracting
surface and the display unit.
17. The display device of claim 16, wherein the display unit
is a reflective display unit.
18. A method for manufacturing an optical module, com-
prising:
providing a light guide plate, the light guide plate having a
light-entering surface, a first light-extracting surface
adjacent to the light-entering surface and a second light-
extracting surface opposite to the first light-extracting
surface; and
performing an injection molding process to form a deco-
ration layer on the second light-extracting surface of the
light guide plate.
19. The method of claim 18, further comprising forming an
optical microstructure on the first light-extracting surface.
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