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(54) LIGHT GUIDE BOARD, BACKLIGHT MODULE, AND WEARABLE APPARATUS

(57) The present disclosure provides a light guide
plate, a backlight module and a wearable device. The
light guide plate includes a light guide plate body having
an upper surface as a light-exiting surface. The light guide
plate is provided at a side portion at least one notch, and
a light-reflection layer is arranged at a surface of each
notch. A wedge-shaped structure is arranged on a lower
surface of the light guide plate body and adjacent to a
bottom of each notch. The wedge-shaped structure has

a first surface attached onto the lower surface of the light
guide plate body, a second surface serving as a light-en-
tering surface, and a third surface intersecting the first
surface and the second surface and forming an acute
angle relative to the first surface. A light-reflection layer
is arranged on the third surface. A light source is arranged
at a position on the lower surface of the light guide plate
body adjacent to the second surface of the
wedge-shaped structure.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No.201520762317.9 filed on
September 29, 2015, which is incorporated herein by ref-
erence in its entirety.

FIELD

[0002] The present disclosure relates to the field of dis-
play technology, in particular to a light guide plate, a back-
light module and a wearable device.

BACKGROUND

[0003] Currently, smart wearable devices, especially
smart watches, have developed rapidly. For the smart
watch with a circular or near-circular dial, it is necessary
to provide a circular or near-circular backlight source,
especially a circular or near-circular light guide plate in
the backlight source.
[0004] For example, for the design of the circular or
near-circular light guide plate, essentially a direct-type or
edge-type backlight source structure is adopted. Of
course, during the design of the light guide plate having
any other shapes, the direct-type or edge-type backlight
source structure may also be adopted in accordance with
the practical need.
[0005] In the case of the direct-type backlight source
structure, the light guide plate needs to occupy a large
space, so it is impossible to meet the requirements on
the mass production of small-size and super-thin prod-
ucts. In the case of the edge-type backlight source struc-
ture, light-emitting diodes (LEDs), serving as the back-
light source, each has a flat light-emitting surface, while
a lateral surface of the circular light guide plate is round.
Hence, light loss may easily occur for the LED light source
due to the circular light guide plate, and it is difficult to
assemble the light guide plate with the backlight source.

SUMMARY

(1) Technical problem to be solved

[0006] A main object of the present disclosure is to
provide a novel guide plate, so as to reduce the space
occupied by the light guide plate in the case of the direct-
type backlight source structure, and prevent the light loss
and facilitate the assembly of the light guide plate with
the backlight source in the case of the edge-type back-
light source structure.

(2) Technical solution

[0007] In one aspect, the present disclosure provides
in some embodiments a light guide plate, including a light

guide plate body having an upper surface as a light-ex-
iting surface. The light guide plate is provided at a side
portion at least one notch, and a light-reflection layer is
arranged at a surface of each notch. A wedge-shaped
structure is arranged on a lower surface of the light guide
plate body and adjacent to a bottom of each notch. The
wedge-shaped structure has a first surface attached onto
the lower surface of the light guide plate body, a second
surface serving as a light-entering surface, and a third
surface intersecting the first surface and the second sur-
face and having an acute angle relative to the first sur-
face. A light-reflection layer is arranged on the third sur-
face. A light source is arranged at a position on the lower
surface of the light guide plate body and adjacent to the
second surface of the wedge-shaped structure. A light
beam from the light source passes through the light-en-
tering surface and reaches the third surface of the wedge-
shaped structure and the notch, so that the light beam is
reflected by the light-reflection layer at the third surface
and the light-reflection layer at the notch toward the light
guide plate body.
[0008] In one possible embodiment, the notch is of an
arc shape, and a surface of the notch is a cylindrical sur-
face having a predetermined radian.
[0009] In one possible embodiment, the third surface
completely intersects an edge of the notch.
[0010] In one possible embodiment, the third surface
is defined by a curved side intersecting the edge of the
notch, a straight side opposite to the curved side, and
two lateral sides intersecting the straight side and the
curved side respectively, and the two lateral sides and
the straight side form two lateral sides and an upper base
of an isosceles trapezoid.
[0011] In one possible embodiment, the two lateral
sides form an angle having a range of 0∼120°.
[0012] In one possible embodiment, the light-reflection
layer at the surface of the notch is formed integrally with
the light-reflection layer at the third surface.
[0013] In one possible embodiment, the light guide
plate body is formed integrally with the wedge-shaped
structure.
[0014] In one possible embodiment, the wedge-
shaped structure has a height greater than or equal to
the light source.
[0015] In one possible embodiment, a tangential sur-
face to the cylindrical surface is substantially parallel to
the second surface of the wedge-shaped structure.
[0016] In one possible embodiment, the light-exiting
surface is of a circular or near-circular shape.
[0017] In another aspect, the present disclosure pro-
vides in some embodiments a backlight module including
the above-mentioned light guide plate, and a backlight
source arranged on the backlight source.
[0018] In one possible embodiment, the backlight
source includes a flat light-emitting surface attached onto
the light-entering surface of the wedge-shaped structure.
[0019] In yet another aspect, the present disclosure
provides in some embodiments a wearable device in-
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cluding the above-mentioned backlight module.

(3) Beneficial effect

[0020] According to the light guide plate, the backlight
module and the wearable device in the embodiments of
the present disclosure, through the improvement on an
internal structure of the light guide plate, it is able to re-
duce the space occupied by the light guide plate in the
backlight module. In addition, an arc reflection member
is arranged on the light guide plate so as to reflect the
light beam from the backlight source, it is able to reduce
the light loss of the backlight source to the greatest extent.
Further, the arc reflection member has a flat surface
where a planar backlight source is located, so it is able
to facilitate the assembly of the planar backlight source
with a circular light guide plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to illustrate the technical solutions in
the embodiments of the present disclosure or the related
art in a clearer manner, the drawings desired for the
present disclosure or the related art will be described
briefly hereinafter. Obviously, the following drawings
merely relate to parts of the embodiments of the present
disclosure, and a person skilled in the art may, without
any creative effort, acquire the other drawings based on
these drawings.

FIG. 1 is a top view of a light guide plate according
to one embodiment of the present disclosure;
FIG. 2 is a front view of the light guide plate according
to one embodiment of the present disclosure; and
FIG. 3 is a schematic view showing a light-emitting
effect of the light guide plate according to one em-
bodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] In order to make the objects, the technical so-
lutions and the advantages of the present disclosure
more apparent, the present disclosure will be described
hereinafter in a clear and complete manner in conjunction
with the drawings and embodiments. Obviously, the fol-
lowing embodiments merely relate to a part of, rather
than all of, the embodiments of the present disclosure,
and based on these embodiments, a person skilled in
the art may, without any creative effort, obtain the other
embodiments, which also fall within the scope of the
present disclosure.
[0023] Unless otherwise defined, any technical or sci-
entific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
"first" and "second" used in the specification and claims
are merely used to differentiate different components
rather than to represent any order, number or impor-
tance. Similarly, such words as "one" or "one of’ are mere-

ly used to represent the existence of at least one member,
rather than to limit the number thereof. Such words
as "connect" or "connected to" may include electrical
connection, direct or indirect, rather than to be limited to
physical or mechanical connection. Such words as "on",
"under", "left" and "right" are merely used to represent
relative position relationship, and when an absolute po-
sition of the object is changed, the relative position rela-
tionship will be changed too.
[0024] For the design of a circular light guide plate in
the related art, usually direct-type and edge-type back-
light sources are adopted. However, in the case of the
direct-type backlight source, the light guide plate may
occupy a large space. In addition, in the case of the edge-
type backlight source (e.g., LEDs), it has a substantially
flat light-emitting surface while the light guide plate has
a rounded edge, so it is difficult to assemble it with the
light guide plate, and meanwhile its light utilization rate
is very low.
[0025] In order to overcome the above-mentioned de-
fects, the present disclosure provides a novel light guide
plate, especially a novel circular light guide plate, and a
backlight module. Through the improvement on an inter-
nal structure of the light guide plate at a light-entering
side, it is able to improve the light utilization rate, facilitate
the assembly of a backlight source with the light guide
plate, and reduce the space occupied by the light guide
plate, thereby to enable the backlight source for a wear-
able device such as a smart watch to emit light in a circular
manner.
[0026] The present disclosure will be described here-
inafter in conjunction with the drawings and the embod-
iments.
[0027] As shown in FIG. 1, which is a top view of a light
guide plate according to one embodiment of the present
disclosure, and as shown in FIG. 2, which is a front view
of the light guide plate according to one embodiment of
the present disclosure, the light guide plate includes a
light guide plate body 1 having an upper surface 12 as a
circular or near-circular light-exiting surface. In other
words, the light guide plate body 1 is of a cylindrical shape
as a whole, and it has a circular or near-circular (e.g.,
elliptical or the like) cross section.
[0028] The light guide plate 1 is provided at a side por-
tion at least one notch 11 (represented by a dotted oval
in FIG. 1), and a light-reflection layer is arranged at a
surface of each notch 11. In other words, at least one
recess connecting the upper surface and a lower surface
of the light guide plate body is arranged at an end of the
cylindrical light guide plate body 1. During the actual ap-
plication, the number of the notches 11 may be deter-
mined in accordance with the practical need, as long as
light-emitting effect of the light guide plate is not adversely
affected. For example, two notches 11 may be arranged
in the light guide plate symmetrically with each other rel-
ative to a central axis of the light guide plate, i.e., at an
interval of a radian of 180°. In one possible embodiment,
four notches 11 may also be arranged at an interval of a
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radian of 90°.
[0029] In the embodiments of the present disclosure,
the upper surface 12 of the light guide plate body 1 serves
as the light-exiting surface, and the lower surface 13 is
an opposite surface to the light-exiting surface. A spher-
ical convex dot is arranged at a side of the opposite sur-
face of the light guide plate 1 facing the light-exiting sur-
face so as to scatter light beams.
[0030] A wedge-shaped structure 2 (represented by a
dotted oval in FIG. 2) is arranged on the lower surface
13 of the light guide plate body 1 and adjacent to a bottom
of each notch 11. The wedge-shaped structure 2 has a
first surface (not shown in FIG. 1, because the light guide
plate body 1 is integrally formed with the wedge-shaped
structure 2), a second surface 21 and a third surface 22.
The first surface is attached onto the lower surface 13 of
the light guide plate body 1. The second surface 21 faces
a center of the light guide plate, and serves as a light-
entering surface. The third surface 22 intersects the first
surface and the second surface 22 and has an acute
angle relative to the first surface. In other words, the third
surface 22 is a surface inclined relative to the opposite
surface of the light guide plate body. The third surface
22 faces an edge or a lateral side of the light guide plate
body 1 (i.e., it does not face the center of the light guide
plate body). In addition, a light-reflection layer is arranged
on the third surface 22.
[0031] A light source is arranged at a position (repre-
sented by dotted rectangles in FIG. 1 and FIG. 2) on the
lower surface 13 of the light guide plate body 1 and ad-
jacent to the second surface 21 (i.e., the light-entering
surface) of the wedge-shaped structure 22. For example,
a light beam from the light source passes through the
light-entering surface and reaches the third surface 22
of the wedge-shaped structure 2 and the notch 11, so
that the light beam is reflected by the light-reflection layer
at the third surface 22 and the light-reflection layer at the
notch 11 toward the light guide plate body 1.
[0032] In other words, the wedge-shaped structure 2
is arranged adjacent to the notch 11, and extends along
a widthwise (perpendicular) direction of the light guide
plate body 1 so as to protrude from the opposite surface
of the light guide plate body 1 by a predetermined dis-
tance. A portion of the wedge-shaped structure 2 pro-
truding from the light guide plate body 1 includes the sec-
ond surface 21 which serves as the light-entering sur-
face.
[0033] In the embodiments of the present disclosure,
the notch 11 is of an arc shape (represented by the dotted
oval in FIG. 1), and a surface of the notch 11 is a cylin-
drical surface 111 having a predetermined radian. The
third surface 22 completely intersects an edge of the
notch. The third surface 22 is defined by a curved side
221 intersecting the edge of the notch, a straight side
222 opposite to the curved side 221, and two lateral sides
223, 224 intersecting the straight side 222 and the curved
side 221 respectively. The two lateral sides 223, 224 and
the straight side 222 form two lateral sides and an upper

base of an isosceles trapezoid. As shown in FIG. 1 and
FIG. 2, the third surface 22 is inclined relative to the op-
posite surface of the light guide plate body 1, and the
cylindrical surface 111 is adapted to the surface of the
notch 11.
[0034] During the actual application, the third surface
22 may be a gently or sharply curved surface. In one
possible embodiment, the gently curved surface may be
adopted, so as to improve the reflection effect.
[0035] In the embodiments of the present disclosure,
the two lateral sides 223, 224 form an angle having a
range of 0∼120°. In one possible embodiment, 30°, 60°,
90° or 120° may be adopted. Of course, they may form
any other angles, as long as it is able to achieve the
reflection effect.
[0036] In the embodiments of the present disclosure,
the light-reflection layer at the surface of the notch 11 is
formed integrally with the light-reflection layer at the third
surface 22. During the actual application, a reflective ma-
terial may be coated onto the third surface 22 and the
cylindrical surface 111, so as to form the light-reflection
layers. Also, a reflective film may be directly attached
onto the third surface 22 and the cylindrical surface 111.
Of course, during the actual application, the light-reflec-
tion layers may also be formed through any known meth-
ods such as evaporation, which will not be particularly
defined herein.
[0037] In the embodiments of the present disclosure,
the light guide plate body 1 is formed integrally with the
wedge-shaped structure 2 (as shown in FIG. 1 and FIG.
2). Of course, during the actual application, the wedge-
shaped structure 2 may be formed separately from the
light guide plate body 1, and then the first surface of the
wedge-shaped structure 2 may be attached onto the low-
er surface 13 of the light guide plate body 1.
[0038] In the embodiments of the present disclosure,
the wedge-shaped structure 2 has a height not less than
the light source. In this way, the second surface 21 of the
wedge-shaped structure 2 may receive all the light
beams from the light source, and then the light beams
may be reflected by the light reflection layers at the third
surface 22 and the cylindrical surface 111 toward an in-
terior of the light guide plate body 1.
[0039] In the related art, a thickness of each of LEDs
which serve as the edge-type light source is adapted to
a thickness of the light guide plate. During the actual ap-
plication, in the case that the cylindrical surface 111 has
a height identical to the thickness of each of the LEDs,
it is able for the light guide plate in the embodiments of
the present disclosure to be adapted to most of the con-
ventional LEDs.
[0040] In the embodiments of the present disclosure,
a tangential surface to the cylindrical surface 111 is sub-
stantially parallel to the second surface 21 of the wedge-
shaped structure 2. In this way, it is able for the cylindrical
surface 111 to reflect the light beams passing through
the second surface 21 toward the interior of the light guide
plate body 1 in a more uniform manner.
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[0041] In one possible embodiment, a light-exiting di-
rection of the backlight source is perpendicular to the
second surface 21, so as to improve the light utilization
rate as possible. In the case that the light beam from the
backlight source passes through the second surface 21
and reaches the cylindrical surface 111 and the third sur-
face 22, it may be reflected by the light-reflection layers
at the cylindrical surface 111 and the third surface 22
toward the light guide plate body 1, and then exit from
the light-exiting surface of the light guide plate body 1.
[0042] It should be appreciated that, in the embodi-
ments of the present disclosure, the light guide plate is
of a circular or near-circular shape. Because this light
guide plate has a rounded edge, it is difficult to assemble
it with a planar backlight source, and such defects as
light leakage may occur. Through providing the backlight
source on the flat opposite surface of the light guide plate,
it is able to easily attach the backlight source onto the
light guide plate in a tight manner, thereby to prevent the
occurrence of light leakage.
[0043] Further, in order to be adapted to a small-size
backlight source, the notch and the wedge-shape struc-
ture may be arranged at a lateral surface of the light guide
plate body, and the backlight source may emit the light
beam toward the notch and the wedge-shaped structure.
In this way, the light beam from the backlight source may
be reflected by the wedge-shaped structure toward the
light guide plate. As a result, it is able for the small-size
backlight source to achieve the effect similar to the edge-
type backlight source, thereby to reduce the space oc-
cupied by the backlight source.
[0044] It should be appreciated that, in the embodi-
ments of the present disclosure, the backlight source is
arranged on the opposite surface of the light guide plate
body and emits the light beam toward the edge of the
light guide plate. The light beam from the backlight source
may be reflected by the wedge-shaped structure and the
cylindrical surface, so it is equivalent to that a virtual back-
light source is arranged at a mirror position symmetrical
to the backlight source relative to the wedge-shaped
structure, i.e., arranged at or adjacent to a lateral surface
of the circular or near-circular light guide plate without
any notch. In FIG. 1, the dotted rectangle represents the
mirror position, i.e., a position at the lateral surface of the
circular or near-circular light guide plate without any
notch. In this way, it is able for the backlight source on
the opposite surface to the light-exiting surface of the
light guide plate to achieve an effect similar to the edge-
type backlight source, reduce the space occupied by the
backlight source, and facilitate the assembly of the back-
light source with the circular or near-circular light guide
plate.
[0045] In one possible embodiment, the second sur-
face 21 has a height greater than or equal to the light
source. In this way, it is able to make full use of the light
beams from the light source, and protect the edge-type
light source such as the LEDs. In addition, in order to
save the space to the greatest extent, the height of the

second surface 21 may be rightly identical to the height
of the light source.
[0046] As shown in FIG. 3, which is a schematic view
showing the light-emitting effect of the light guide plate,
in which the light beams entering the light guide plate
may be scattered and reflected by the surface of the light
guide plate where the dots are located, and then distrib-
uted uniformly on the entire light-emitting surface.
[0047] It can thereof be seen that, during the operation,
the light guide plate may emit the light beams in a circular
manner. To be specific, firstly, the backlight source
(LEDs) may have a flat light-emitting surface, so a portion
of the circular light guide plate in contact with the LEDs
may also be of a flat surface, so as to utilize the light
beams from the LEDs to the greatest extent, and reduce
the light loss caused in the related art where the portion
of the circular light guide plate in contact with the LEDs
is of a convex surface. Secondly, a valid light-emitting
angle of the LEDs is 120°, so the angle α between the
lateral sides may be less than 120°, so as to utilize the
light beams from the LEDs to the greatest extent and
reduce the size of the light guide plate. Thirdly, the light-
exiting surface and the surface where the dots are located
(i.e., the opposite surface) of the light guide plate are not
located in a plane identical to a plane where the LEDs
are located, so an additional oblique surface is provided,
thereby to reflect the light beams from the LED toward
the interior of the light guide plate.
[0048] Through the light guide plate in the embodi-
ments of the present disclosure, it is able to reflect the
light beams from the LEDs directly toward a circular light-
emitting region through the reflection layers, and then
enable the light beams to uniformly exit from the light-
exiting surface through the dots at the circuit light-emit-
ting region.
[0049] The light guide plate in the embodiments of the
present disclosure may be adapted to the edge-type
backlight module, i.e., the light guide plate may be an
edge-type light guide plate.
[0050] The present disclosure further provides in some
embodiments a backlight module including the above-
mentioned light guide plate, and the backlight source ar-
ranged on the light guide plate.
[0051] In one possible embodiment, the backlight
source includes a flat light-emitting surface attached onto
the light-entering surface of the wedge-shaped structure.
[0052] The improvement on the backlight module lies
in the improvement on an internal structure of the above-
mentioned light guide plate, and thus will not be particu-
larly defined herein.
[0053] The present disclosure further provides in some
embodiments a wearable device including the above-
mentioned backlight module. The improvement on the
wearable device lies in the improvement on an internal
structure of the above-mentioned light guide plate, and
thus will not be particularly defined herein. The wearable
device may be, for example, a watch or a bracelet with
a dial.
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[0054] According to the embodiments of the present
disclosure, in order to enable the light beams from the
backlight source (e.g., the LEDs) to be distributed uni-
formly within the light guide plate, the convex light reflec-
tion layer is provided so as to scatter the light beams. In
this way, it is able to make full use of the light beams from
the light source.
[0055] In addition, through the improvement on an in-
ternal structure of the light guide plate, it is able to reduce
the space occupied by the light guide plate in the back-
light module. Further, the arc reflection member has a
flat surface where a planar backlight source is located,
so it is able to facilitate the assembly of the planar back-
light source with a circular light guide plate.
[0056] Of course, the novel light guide plate in the em-
bodiments of the present disclosure may include, but be
not limited to, any light guide plates in different forms and
made of different materials using an identical or similar
principle.
[0057] The above are merely the preferred embodi-
ments of the present disclosure. Obviously, a person
skilled in the art may make further modifications and im-
provements without departing from the spirit of the
present disclosure, and these modifications and im-
provements shall also fall within the scope of the present
disclosure.

Claims

1. A light guide plate, comprising a light guide plate
body having an upper surface as a light-exiting sur-
face, wherein
the light guide plate is provided at a side portion at
least one notch, and a light-reflection layer is ar-
ranged at a surface of each notch;
a wedge-shaped structure is arranged on a lower
surface of the light guide plate body and adjacent to
a bottom of each notch;
the wedge-shaped structure has a first surface at-
tached onto the lower surface of the light guide plate
body, a second surface serving as a light-entering
surface, and a third surface intersecting the first sur-
face and the second surface and having an acute
angle relative to the first surface;
a light-reflection layer is arranged on the third sur-
face;
a light source is arranged at a position on the lower
surface of the light guide plate body adjacent to the
second surface of the wedge-shaped structure; and
a light beam from the light source passes through
the light-entering surface and reaches the third sur-
face of the wedge-shaped structure and the notch,
so that the light beam is reflected by the light-reflec-
tion layer at the third surface and the light-reflection
layer at the notch toward the light guide plate body.

2. The light guide plate according to claim 1, wherein

the notch is of an arc shape, and a surface of the
notch is a cylindrical surface having a predetermined
radian.

3. The light guide plate according to claim 1 or 2, where-
in the third surface completely intersects an edge of
the notch.

4. The light guide plate according to claim 3, wherein
the third surface is defined by a curved side inter-
secting the edge of the notch, a straight side corre-
sponding to the curved side, and two lateral sides
intersecting the straight side and the curved side re-
spectively, and wherein the two lateral sides and the
straight side form two lateral sides and an upper base
of an isosceles trapezoid.

5. The light guide plate according to claim 4, wherein
the two lateral sides form an angle having a range
of 0∼120°.

6. The light guide plate according to any one of claims
1 to 5, wherein the light-reflection layer at the surface
of the notch is formed integrally with the light-reflec-
tion layer at the third surface.

7. The light guide plate according to any one of claims
1 to 6, wherein the light guide plate body is formed
integrally with the wedge-shaped structure.

8. The light guide plate according to any one of claims
1 to 7, wherein the wedge-shaped structure has a
height greater than or equal to the light source.

9. The light guide plate according to claim 2, wherein
a tangential surface to the cylindrical surface is sub-
stantially parallel to the second surface of the wedge-
shaped structure.

10. The light guide plate according to any one of claims
1 to 9, wherein the light-exiting surface is of a circular
or near-circular shape.

11. A backlight module, comprising the light guide plate
according to any one of claims 1 to 10, and a back-
light source arranged on the light guide plate.

12. The backlight module according to claim 11, wherein
the backlight source comprises a flat light-emitting
surface attached onto the light-entering surface of
the wedge-shaped structure.

13. A wearable device, comprising the backlight module
according to claim 11 or 12.
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