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(57) ABSTRACT

The embodiments of present disclosure disclose a prism
sheet, a backlight module and a liquid crystal display device
thereof. The prism sheet comprises a first sub-prism sheet and
a second sub-prism sheet with faces being closely bonded
with each other, the first sub-prism sheet having a plurality of
protrusions on the surface being bonded with the second
sub-prism sheet, and the second sub-prism sheet having
recesses on the surface being bonded with the first sub-prism
sheet corresponding to the protrusions, wherein the first sub-
prism sheet and the second sub-prism sheet are made of
materials having different refractive indexes.
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PRISM SHEET, BACKLIGHT MODULE AND
LIQUID CRYSTAL DISPLAY DEVICE
THEREOF

BACKGROUND

[0001] Embodiments of the present disclosure relate to a
prism sheet, a backlight module and a liquid crystal display
device thereof.

[0002] As a kind of flat panel displays, liquid crystal dis-
plays (LCDs) comprise liquid crystal which does not emit
light by itself, but are provided with backlights to emit light.
For example, a backlight module comprises: a molded frame
for fixing; a reflective sheet mounted on a lowermost surface
for reflecting light to a liquid crystal panel; a light guide plate
provided on the reflective sheet for guiding light; a light
source provided between the light guide plate and a side wall
of the frame for emitting light; a diffusion sheet provided on
the light guide plate for making illumination uniform; a prism
sheet provided on the diffusion sheet for converging light; a
protective sheet for protecting the diffusion sheet and the
prism sheet; and other optical film sheets.

[0003] Typically, a prism sheet used in a backlight module
ofa LCD has a triangular cross-section. In order to achieve an
effect of light concentration in both horizontal and vertical
directions, commonly two prism sheets are provided, with
one prism sheet being in the X-direction and the other prism
sheet being in the Y-direction respectively. With the two prism
sheets, not only the thickness of the backlight module and the
number of parts are increased, but also the two prism sheet are
more likely to scratch each other; moreover, a limited view
angle is caused by the triangular design.

[0004] Recently, a kind of a prism sheet, that is, a reverse
prism is provided in the related art, which cooperates with a
light guide plate having a prism structure. The prism structure
on the light guide plate engages with the reverse prism sheet
disposed thereon, which can mitigate the mutual scratch
degree. However, the contact surfaces for engagement are
very small. As a result, it is very possible to run into an
unstable engagement.

SUMMARY

[0005] The embodiments of the present disclosure can pro-
vide a prism sheet, a backlight module and a liquid crystal
display device thereof, which can avoid scratches between the
prism sheets and an unstable engagement between a prism
sheet and a light guide plate when being assembled.

[0006] An embodiment of the disclosure provides a prism
sheet, which comprises a first sub-prism sheet and a second
sub-prism sheet with faces being closely bonded with each
other, the first sub-prism sheet having a plurality of protru-
sions on the surface being bonded with the second sub-prism
sheet, and the second sub-prism sheet having recesses on the
surface being bonded with the first sub-prism sheet corre-
sponding to the protrusions, wherein the first sub-prism sheet
and the second sub-prism sheet are made of materials having
different refractive indexes from each other.

[0007] In an example, the first sub-prism sheet and the
second sub-prism sheet are bonded by coating ultraviolet
curing adhesive and curing the adhesive by UV rays.

[0008] In an example, the prism sheet further comprises a
substrate closely bonded with the bottom surface of the first
sub-prism sheet.
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[0009] In an example, the materials of both the substrate
and the first sub-prism sheet are the same.

[0010] In an example, the first sub-prism sheet can have a
light guide plate as a substrate.

[0011] In an example, the protrusions are stripe-shaped
protrusions with rectangular bottoms and triangular cross-
sections.

[0012] Inanexample, the triangles of the cross-sections of
the stripe-shaped protrusions are equilateral triangles, with a
side length of no more than 200 um.

[0013] Inanexample, the protrusions are spherical-shaped
protrusions with circular or regular hexagonal bottoms, or the
protrusions are pyramid-shaped protrusions with polygonal
bottoms.

[0014] In an example, the heights and the widths of the
bottoms of the protrusions are no more than 200 pm.

[0015] In an example, the protrusions are irregular protru-
sions with inconstant dimensions.

[0016] Inan example, the adjacent protrusions have inter-
vals therebetween.

[0017] In an example, the dimensions of the interval are
different from one another in a range of 25 um~50 pm.
[0018] Another embodiment of the disclosure provides a
backlight, which comprises the above-described prism sheet.
[0019] Still another embodiment of the disclosure provides
a liquid crystal display device, which comprises the above-
described backlight.

[0020] Further scope of applicability of the present disclo-
sure will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the disclosure, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] To describe the technical solutions in the related art
and the embodiments of the present disclosure more clearly,
the accompanying drawings will be briefly described below
for the description of the embodiments of the present disclo-
sure. Apparently, the accompanying drawings are only pre-
sented as illustrations to the embodiments of the present
disclosure, while other drawings can be obtained by the ordi-
nary skilled in the art without creative efforts.

[0022] FIG. 1 is a first schematic diagram of an embodi-
ment of the present disclosure;

[0023] FIG. 2 is a second schematic diagram of an embodi-
ment of the present disclosure;

[0024] FIG. 3a is a first partially enlarged schematic dia-
gram of the zone A in FIG. 2;

[0025] FIG. 34 is a second partially enlarged schematic
diagram of the zone A in FIG. 2;

[0026] FIG. 4 is a schematic diagram of a prism sheet with
a light guide plate as a substrate according to an embodiment
of the present disclosure;

[0027] FIG. 5 is a first schematic diagram of the first sub-
prism sheet with stripe-shaped protrusions according to an
embodiment of the present disclosure;

[0028] FIG. 6 is a sectional view taken along a direction
A-A inFIG. 5;
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[0029] FIG. 7 is a second schematic diagram of the first
sub-prism sheet with stripe-shaped protrusions according to
an embodiment of the present disclosure;

[0030] FIG. 8 is a sectional view taken along a direction
B-Bin FIG. 7;

[0031] FIG. 9 is a third schematic diagram of the prism
sheet according to an embodiment of the present disclosure;
[0032] FIG. 10 is a fourth schematic diagram of the prism
sheet according to an embodiment of the present disclosure;
[0033] FIG.11is atop view of the first sub-prism sheet with
spherical-shaped protrusions having regular hexagonal bot-
toms according to an embodiment of the present disclosure;
[0034] FIG.12 is aschematic diagram of'the first sub-prism
sheet with spherical-shaped protrusions according to an
embodiment of the present disclosure; and

[0035] FIG. 13 is a fifth schematic diagram of the prism
sheet according an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0036] Embodiments of the present disclosure provide a
prism sheet, a backlight module and a liquid crystal display
device thereof, which can avoid scratches between prism
sheets and unstable engagement between a prism sheet and a
light guide plate when being assembled.

[0037] A prism sheet, a backlight module and a liquid crys-
tal display device thereof in accordance with the embodi-
ments of the present disclosure will be described below in
detail in conjunction with the accompanying drawings.
[0038] Anembodiment ofthe present disclosure provides a
prism sheet, as shown in FIG. 1 and FIG. 2. This prism sheet
comprises a first sub-prism sheet 11 and a second sub-prism
sheet 12 with surfaces being closely bonded with each other;
the first sub-prism sheet 11 has a plurality of protrusions 111
on the surface bonded with the corresponding surface of the
second sub-prism sheet 12, and the second sub-prism sheet 12
has recesses on the surface bonded with the corresponding
surface of the first sub-prism sheet 11. The recesses of the
second sub-prism sheet 12 match with the corresponding
protrusions of the first sub-prism sheet 11. Materials of both
the first sub-prism sheet 11 and the second sub-prism sheet 12
have different refractive indexes from each other, assuming
the refractive index of the first sub-prism sheet 11 is denoted
as “nl,” the refractive index of the second sub-prism sheet 12
is denoted as “n2”, n1=n2. Where nl1<n2, the light path of a
light ray is shown in FIG. 3a; where n1>n2, the light path of
a light ray is shown in FIG. 35.

[0039] On the first sub-prism sheet 11, the plurality of
protrusions 111 are the prism optical elements. The first sub-
prism sheet 11 and the second sub-prism sheet 12 are made of
materials with different refractive indexes, for example, poly-
methylmethacrylate (PMMA) in this embodiment. The first
sub-prism sheet 11 and the second sub-prism sheet 12 func-
tion together to refract light emitted therein.

[0040] The close bonding between the first sub-prism sheet
11 and the second sub-prism sheet 12 can be achieved by way
of'adhesion, or can be achieved by way of coating ultraviolet-
cured adhesive and then curing.

[0041] In this embodiment, two sub-prism sheets bonded
together as an integrated prism sheet is realized, and one
surface of the prism optical element of the first sub-prism
sheet is closely bonded with one surface of the prism optical
element of the second sub-prism sheet; moreover, the first
sub-prism sheet and the second sub-prism sheet have differ-
ent refractive indexes from each other, which produces the
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same optical effect of arranging a prism sheet with a triangu-
lar cross-section in X-direction or Y-direction and produces a
comparatively large view angle; also, in this case a light guide
plateis no longer needed to be engaged with a prism structure.
In addition, when the protrusions on the surface of the first
sub-prism sheet bonded with the second sub-prism sheet is
provided along both X-direction and Y-direction of the sheet,
there is produced the same optical effect of providing the two
orthogonal prism sheets with a triangular cross-section
arranged along X-direction and Y-direction respectively. In
addition, the surface of the prism sheet facing toward the light
guide plate may be a flat surface and thus can be directly
laminated on a backlight module assembly, such as a light
guide plate and the like, avoiding unstable engagement
caused for example by the engagement of a reverse prism
sheet and a prism structure of a light guide plate.

[0042] Furthermore, as shown in FIG. 2, such a prism sheet
may further comprise a substrate 13 closely bonded with the
bottoms of the first sub-prism sheet 11. The above prism sheet
can be configured in a way that the plurality of protrusions
111 of the first sub-prism sheet 11, i.e., the plurality of optical
elements are arranged on the substrate 13. The material of the
substrate 13 can be a transparent resin material, for example,
polyethylene terephthalate (PET) or polycarbonate (PC).

[0043] Furthermore, the substrate 13 and the first sub-prism
sheet 11 can be made of a same material. Furthermore, as
shown in FIG. 4, the substrate can also be a light guide plate
2, that is, the first sub-prism sheet 11 can have the light guide
plate 2 as a substrate. Thus, the prism sheet by this embodi-
ment is adhered onto the light guide plate 2 to form a single
body, which simplifies a backlight module assembling pro-
cedure when the whole liquid crystal display device is
assembled, also avoids align deviations between the prism
sheet and the light guide.

[0044] Furthermore, in order to simplify the process, and
improve production efficiency, the above-mentioned sub-
strate 13 can be integrally foamed with the first sub-prism
sheet 11 when they are produced.

[0045] Furthermore, the protrusions 111 on the first sub-
prism sheet can be of various shapes, for example, can be
stripe-shaped protrusions 111 with rectangle bottoms and
triangular cross-sections, as shown in FIG. 5, with the lengths
of such stripe-shaped protrusions 111 being equal to the
length or width of the first sub-prism sheet; as shown in FIG.
6, and the cross-sections of triangle may be in an equilateral
triangle, with the side length no more than 200 um (microns);
as shown in FIG. 2, the protrusions 111 mate with recesses
formed on the second sub-prism sheet 12, so that a wider view
angle can be obtained, as well as an enhanced light conver-
gence.

[0046] Furthermore, the stripe-shaped protrusions 111 can
be regular stripe-shaped protrusions 111 with preset constant
dimensions and shapes, as shown in FIG. 2 to FIG. 8, and the
regular-shaped protrusions can achieve an excellent effect of
light concentration as prism optical elements; such stripe-
shaped protrusions 111 may also be irregular stripe-shaped
protrusions 111 with different dimensions and shapes, as
shown in FIG. 9. Such irregular protrusion may be protru-
sions with different shapes or lengths of the bottom, or may be
protrusions with different shapes or lengths of cross-sections,
or may be protrusions with different heights, or can be pro-
trusions of different materials, or the like. The irregular pro-
trusions may be different from one another. The irregular
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protrusions function as prism optical elements, which can
effectively solve mura effects.

[0047] Furthermore, the stripe-shaped protrusions 111 can
have intervals between the adjacent protrusions, as shown in
FIG. 7 and FIG. 8, to prevent pixel units from producing an
optical interference phenomenon, i.e., a phenomenon of
uneven brightness among pixels.

[0048] Inthis embodiment, the protrusions 111 can also be
spherical-shaped protrusions with circular or regular hexago-
nal bottoms, and the structure of the prism optical elements of
such spherical-shaped protrusions is shownin FIG. 9. FIG. 10
is a top view of spherical-shaped protrusions with regular
hexagonal bottoms. Such spherical-shaped protrusions with
circular or regular hexagonal bottoms mate with grooves on
the second sub-prism sheet 12, which can produce the same
optical effect as the two orthogonal prism sheets with a trian-
gular cross-section arranged along X-direction and Y-direc-
tion respectively, while avoiding unstable engagement and
facilitating assembling, because the spherical-shaped protru-
sions have an optical structure in both X-direction and Y-di-
rection.

[0049] Furthermore, the spherical-shaped protrusions can
have intervals among the adjacent protrusions, as shown in
FIG. 12, to prevent pixel units from producing an optical
interference phenomenon, i.e., a phenomenon of uneven
brightness among pixels.

[0050] Furthermore, the spherical-shaped protrusions 111
can be regular spherical-shaped protrusions 111 with con-
stant dimensions and shapes, as shown in FIG. 10, the regular
protrusions have an excellent effect of light concentration as
prism optical elements; the spherical-shaped protrusions 111
can also be irregular spherical-shaped protrusions 111 with
different dimensions or shapes, as shown in FIG. 13. Such
irregular protrusion may be protrusions with different shapes
or lengths of bottoms, or may be protrusions with different
shapes or lengths of cross-sections, or may be protrusions
with different heights, or can be protrusions of different mate-
rials, or the like. The irregular protrusions may be different
from one another. The irregular protrusions as prism optical
elements can effectively solve mure effects.

[0051] In this embodiment, the protrusions can also be
pyramid-shaped protrusions with polygonal bottoms, for
example, tetrahedrons with triangular bottoms.

[0052] Furthermore, the above-mentioned pyramid-shaped
protrusions can be regular protrusions with constant dimen-
sions and shapes, and the regular protrusions have an excel-
lent effect of light concentration as prism optical elements.
[0053] The above-mentioned pyramid-shaped can also be
irregular protrusion with different dimensions or shapes, and
such irregular protrusion may be protrusions with different
shapes or lengths of bottom edges, or may be protrusions with
different shapes or lengths of the cross-sections, or may be
protrusions with inconstant heights, or may be protrusions of
different materials, or the like. The irregular protrusions can
effectively solve Mura effects as prism optical elements.
[0054] Likewise, the above-mentioned pyramid-shaped
protrusions can be adjoined with each other, or the protru-
sions can have certain intervals among the adjacent protru-
sions. The structure of protrusions having intervals between
the adjacent protrusions can prevent pixel units from produc-
ing an optical interference phenomenon, i.e., a phenomenon
of uneven brightness among pixels.

[0055] Moreover, with allowable producing processes, the
smaller are the above-mentioned protrusions, including
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spherical-shaped protrusions and pyramid-shaped protru-
sions, the better effect can be obtained. It is preferable that the
biggest height and the width of the bottoms is no more than
200 um (microns).

[0056] This embodiment also provides a backlight module
and a liquid crystal display device thereof incorporating with
the above-mentioned prism sheet of the same structure as in
the above-mentioned embodiment and the corresponding
description is omitted. Besides the above-mentioned prism
sheet, the backlight module may include optical elements
such as a light guide plate, a diffusion plate and the like, light
sources (cold cathode fluorescence lamps or light-emitting
diodes), a reflective plate, and so on. This prism sheet may be
provided on the light guide plate. The backlight module may
be a side-illuminating type or a direct illuminating type.
Besides the backlight module, the liquid crystal display may
further comprise a liquid crystal panel, a fixing frame and the
like, and the backlight module may be mounted behind or
below the liquid crystal panel.

[0057] In this embodiment, two sub-prism sheets are
bonded as an integrated prism sheet, which avoids scratches
between the prism sheets when they are assembled, and also
avoid unstable engagement for example between a reverse
prism sheet and a prism structure on a light guide plate;
furthermore, the regular protrusions on the first sub-prism
sheet produces an excellent effect of light concentration as
prism optical elements, and irregular protrusions on the first
sub-prism sheet can effectively solve Mura effects.

[0058] In this embodiment, the protrusions of the prism
sheet can have intervals between the adjacent protrusions.
Such intervals have different sizes from those of the gaps
between pixel dots in a pixel area (or display area) of a liquid
crystal panel, so as to prevent from producing an optical
interference phenomenon with pixel units, i.e., a phenom-
enon of uneven brightness among pixels. Furthermore, the
intervals between the adjacent protrusions can be provided in
a range of 25 pm~50 pm. It is proved by experiments that,
when the intervals between the adjacent protrusions are in a
range of 25 um~50 um, they are not only convenient to be
produced, but also can achieve an excellent effect of light
concentration; moreover, they may have different sizes from
that of the gaps between pixel dots in a pixel area of most
liquid crystal panels in the related art, which in turn can
prevent optical interference phenomenon from occurring.
Furthermore, the sizes of intervals may different with each
other, which can better prevent pixel units from producing an
optical interference phenomenon.

[0059] Furthermore, the protrusions of the prism sheet can
also be one or more of the stripe-shaped, prismoid-shaped,
pyramid-shaped, truncated cone-shaped, conical-shaped or
sphere crown-shaped protrusions and any combinations
thereof.

[0060] The above description is only a specific mode for
carrying out the present disclosure, but not limiting the pro-
tection scope of the present disclosure. Any modifications and
alternations within the technical scope disclosed by the
present disclosure, which are easily to be envisaged by any
one well skilled in the art, should be included in the protection
scope of the present disclosure. Therefore, the protection
scope of the present disclosure should be defined with the
protection scope of the appended claims as a criterion.
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What is claimed is:
1. A prism sheet comprising:
a first sub-prism sheet and a second sub-prism sheet with
surfaces being closely bonded with each other,

wherein the first sub-prism sheet has a plurality of protru-
sions on the surface being bonded with the second sub-
prism sheet, and the second sub-prism sheet has recesses
on the surface being bonded with the first sub-prism
sheet corresponding to the protrusions, and

wherein the first sub-prism sheet and the second sub-prism

sheet are made of materials having different refractive
indexes from each other.

2. The prism sheet according to claim 1, wherein the first
sub-prism sheet and the second sub-prism sheet are bonded
together by processes of coating ultraviolet curing adhesive
and then curing the adhesive by UV rays.

3. The prism sheet according to claim 1, further comprising
a substrate closely bonded with a bottom surface of the first
sub-prism sheet.

4. The prism sheet according to claim 3, wherein the sub-
strate is a light guide plate.

5. The prism sheet according to claim 3, wherein the sub-
strate and the first sub-prism sheet are integrally formed.

6. The prism sheet according to claim 4, wherein the sub-
strate and the first sub-prism sheet are integrally formed.

7. The prism sheet according to claim 1, wherein the pro-
trusions are stripe-shaped protrusions with rectangular bot-
toms and triangular cross-sections.
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8. The prism sheet according to claim 7, wherein the tri-
angles of the cross-sections of the stripe-shaped protrusions
are equilateral triangles, with the length of side of no more
than 200 pm.

9. The prism sheet according to claim 1, wherein the pro-
trusions are spherical-shaped protrusions with circular or
regular hexagonal bottoms, or the protrusions are pyramid-
shaped protrusions with polygonal bottoms.

10. The prism sheet according to claim 9, wherein a height
and a width of the bottoms of'the protrusions are no more than
200 pum.

11. The prism sheet according to claim 7, wherein the
protrusions are irregular protrusions.

12. The prism sheet according to claim 9, wherein the
protrusions are irregular protrusions.

13. The prism sheet according to claim 11, wherein the
adjacent protrusions have intervals therebetween.

14. The prism sheet according to claim 12, wherein the
adjacent protrusions have intervals therebetween.

15. The prism sheet according to claim 13, wherein the
intervals have different sizes from one another in arange of 25
um~50 pm.

16. The prism sheet according to claim 14, wherein the
intervals have different sizes from one another in arange 0f 25
um~50 pm.

17. A backlight module, comprising the prism sheet
according to claim 1.

18. A liquid crystal display device, comprising the back-
light module according to claim 17.
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