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TRANSPARENT DISPLAY DEVICE AND
ELECTRONIC EQUIPMENT WITH SAME

FIELD

[0001] The present invention relates to the field of display
technology, and more particularly to a transparent display
device and an electronic equipment with the transparent dis-
play device.

BACKGROUND

[0002] Transparent display technology is an emerging dis-
play technology. When a transparent display device display
an image, objects disposed behind the transparent display
device also can be seen through the device. That needs to
enhance a transmittance of the transparent display device
without losing its color gamut and contrast.

[0003] Meanwhile, the transparent display technology is a
typical representative of the green display technology. For
example, a conventional liquid crystal display needs a back-
light module as a light source to display an image. The trans-
parent display may use an ambient light to meet the need of
the backlight. Especially in the daytime, the transparent dis-
play almost needs no backlight. The power consumption of
the transparent display is about one-tenth of the ordinary
liquid crystal display.

[0004] In order to improve the transmittance of the trans-
parent display device, the original three primary colors of
RGB color filter is usually reduced to 1/3 colors. However, by
doing so, the color saturation of the image is also decreased.
[0005] Therefore, it needs to develop a transparent display
device with high color saturation and high transmittance.
[0006] In order to increase the brightness of an image dis-
played by a transparent display device, an optical sheet can be
placed under a light guide plate thereof, to reflect the light
emitted from the light guide plate to the bottom and reflect it
back to the light guide plate. The light guide plate includes a
first refractive layer and a second refractive layer to allow a
natural light transmits through the light guide plate. The first
refractive layer is located adjacent to the liquid crystal panel.
The second refractive layer has a higher refractive index than
the first refractive layer. A first polarized light in the light
guide plate is total reflected by a interface between the first
refractive layer and the second refractive layer, and incident
on the liquid crystal panel above the light guide plate, and a
natural light transmits through the first and the second refrac-
tion layers incident on the liquid crystal panel, so that the user
in front of the display device can see an object behind the light
guide plate. However, the addition optical sheet and the spe-
cial design of the light guide plate will increase the manufac-
turing cost of the display device.

SUMMARY

[0007] To solve the problems mentions above, the present
invention provides a transparent display device and an elec-
tronic equipment having an improved transmittance,

[0008] To achieve above advantages, a transparent display
device is provided in the present invention. The transparent
display device includes a liquid crystal panel. The liquid
crystal panel includes a color filter substrate, an array sub-
strate, a liquid crystal layer, a first polarizer and a second
polarizer. The first polarizer is disposed on a side of the color
filter substrate far away from the liquid crystal layer. The
second polarizer is disposed on a side of the array substrate far
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away from the liquid crystal layer. The color filter substrate
includes a first transparent base, and a color filter formed on
the first transparent base. The color filter includes a plurality
of compound pixel regions, wherein each of the compound
pixel regions has a plurality of color sub-pixel regions and a
transparent sub-pixel region. The second polarizer includes a
non-polarized pattern, the non-polarized pattern is spatially
corresponding to the transparent sub-pixel region in the color
filter, and after a light passing through the non-polarized
pattern, the polarization state thereof remains unchanged.
[0009] An electronic equipment is provided in the present
invention. The electronic equipment includes a transparent
display device described above and a case including a bottom
wall and a side wall, the bottom wall and the sidewall defining
an opening in the case, wherein the liquid crystal panel in the
transparent display device covers the opening.

[0010] Compared with the prior art, the liquid crystal panel
of the present invention includes a color filter has a plurality
of compound pixel regions, each of the compound pixel
regions has a transparent sub-pixel region, and a second
polarizer has a non-polarized pattern spatially corresponding
to the transparent sub-pixel region in the color filter, so as to
implement transparent display. In addition, the transmittance
of the liquid crystal panel of the present invention can be
improved by enhancing an occupied area ratio of the trans-
parent sub-pixel region.

[0011] These and other features and advantages of the vari-
ous embodiments disclosed herein will be better understood
with respect to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a cross-sectional view of a liquid crystal
panel according to a first embodiment of the present inven-
tion.

[0013] FIG. 2 is an exemplary arrangement of the color
filter in FIG. 1.
[0014] FIG. 3 is another exemplary arrangement of the

color filter in FIG. 1.

[0015] FIG. 4 is a cross-sectional view of a transparent
display according to a second embodiment of the present
invention.

[0016] FIG. 5 is a schematic block of a transparent display
according to a second embodiment of the present invention.
[0017] FIG. 6 is a flow chart of a control process of a
transparent display according to a second embodiment of the
present invention.

[0018] FIG. 7 is a cross-sectional view of a transparent
display according to a third embodiment of the present inven-
tion, in which the polarized light source facing towards the
second polarizer.

[0019] FIG. 8 is another cross-sectional view of a transpar-
ent display according to a third embodiment of the present
invention, in which the polarized light source disposed on the
periphery of the liquid crystal panel.

[0020] FIG. 9is across-sectional view of the polarized light
source in FIG. 8.

[0021] FIG. 10 is a cross-sectional view of an electronic
equipment according to a fourth embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] To further illustrate technical means adopted by the
present invention for the purpose of the invention to achieve
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the intended purpose and the efficacy of the present invention,
reference will now be made to the drawings to describe exem-
plary embodiments of a transparent display device and an
electronic equipment with the transparent display device
including specific structure, characteristics and effects
thereof, as described in detail later.

[0023] The aforementioned and other technical contents,
characteristics and efficacy ofthe present invention, reference
to the following drawings in detailed description of the
embodiment will be clearly presented. Through specific
description of the embodiment, why the invention can be
taken to achieve the intended purpose of the technical means
and the effect can be more in-depth and detailed understand-
ing. The following description is given by way of example,
and not limitation.

[0024] FIG. 1 is a cross-sectional view of a transparent
display device according to a first embodiment of the present
invention. Referring to FI1G. 1, the transparent display device
according to the first embodiment includes a liquid crystal
panel 10.

[0025] Specific, referring to FIG. 1, in the exemplary
embodiment, the liquid crystal panel 10 includes a color filter
substrate 11, an array substrate 12 opposite to the color filter
substrate 11, a liquid crystal panel 13 sandwiched between
the color filter substrate 11 and the array substrate 12, a first
polarizer 14 and a second polarizer 15. The first polarizer 14
is disposed on a side of the first polarizer 14 far away from the
liquid crystal layer 13. The second polarizer 15 is disposed on
aside ofthe array substrate 12 far away from the liquid crystal
layer 13. The color filter substrate 11 includes a first trans-
parent base 110 and a color filter 111 formed on the first
transparent base 110.

[0026] FIG.2shows anexemplary arrangement of the color
filter in the FIG. 1. Referring FIGS. 1 and 2, in one exemplary
embodiment, the color filter 111 in the color filter substrate 11
includes a plurality of compound pixel regions 1110. Each of
the compound pixel regions 1110 has a plurality of color
sub-pixel regions and a transparent sub-pixel region 1114.
Correspondingly, sub-pixels (notlabeled) of theliquid crystal
panel 10 include a plurality of color sub-pixels corresponding
to the color sub-pixel regions and a transparent sub-pixel
corresponding to a Transparent sub-pixel region 1114. The
color sub-pixel regions can selectively passing different color
light through by forming different color photoresist layers
thereon. Preferably, in the exemplary embodiment, the plu-
rality of color sub-pixel regions includes a red (R) sub-pixel
region 1111, a green (G) sub-pixel region 1112 and a blue (B)
sub-pixel region 1113. That is, a natural light passing through
the R sub-pixel region 1111, the G sub-pixel region 1112 and
the B sub-pixel region 1113 respectively turns to a red light,
a green light and a blue light. Referring to FIG. 2, the R
sub-pixel region 1111, the G sub-pixel region 1112, the B
sub-pixel region 1113 and the transparent sub-pixel region
1114 may be arranged in a 2x2 pixel array. Referring to FIG.
3, the R sub-pixel region 1111', the G sub-pixel region 1112/,
the B sub-pixel region 1113' and the transparent sub-pixel
region 1114' may be arranged in a 1x4 pixel array. It can be
understood that, the number, the color and the arrangement
for the color sub-pixel regions and the transparent sub-pixel
region may be selected according to actual needs, and the
present invention is not limited thereto. The transparent sub-
pixel region 1114, 1114' can be formed by a transparent layer
or opening a hole in the corresponding region thereof, but the
present invention is not limited thereto.
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[0027] Referring to FIG. 1 again, in the exemplary embodi-
ment, the second polarizer 15 includes a polarized region 150
and a non-polarized region 151. The non-polarized region
151 constitutes a non-polarized pattern. The non-polarized
pattern is spatially corresponding to the transparent sub-pixel
region 1114 in the color filter 111. That is, a light passed
through the non-polarized pattern in the second polarizer 15
can pass through the corresponding transparent sub-pixel
region 1114 directly. And, the polarization state of the light
passing through the non-polarized pattern remains
unchanged. In other words, a natural light passing through the
non-polarized pattern is still a natural light, and a linearly
polarized light passing through the non-polarized pattern is
still a linearly polarized light. Therefore, objects disposed
behind the liquid crystal panel 10 are viewable through the
firstpolarizer 14. In other words, alight reflected from objects
disposed behind the second polarizer 15 transmits through the
non-polarized pattern of the second polarizer 15, the array
substrate 12, the liquid crystal layer 13, the transparent sub-
pixel region 1114 of the color filter 111, and the first polarizer
14 sequentially. At the same time, the color sub-pixel corre-
sponding to the color sub-pixel region (including the R sub-
pixel region 1111, the G sub-pixel region 1112 and the B
sub-pixel region 1113) display an image, such as a film or an
advertising, for example. A transmittance of the transparent
display device is about equal to 50%x(1/4)=12.5%. The
transmittance of the liquid crystal panel can be improved by
enhancing an occupied area ratio of the transparent sub-pixel
region, which is the area of the transparent sub-pixel region/
the area of (R+G+B+W) sub-pixel regions.

[0028] The non-polarized pattern can be formed by open-
ing a hole in the second polarizer 15 or performing no polar-
ization processing, but the present invention is not limited
thereto.

[0029] In the exemplary embodiment, the liquid crystal
panel can be used in the case of more adequate light back-
ground, and can be integrated with multi-touch and smart
display technologies, as a public information display termi-
nals. For example, the liquid crystal panel maybe used in
computer monitors, display windows and other areas, with
display, interactive, advertising and other synergies.

[0030] FIG. 4 is a cross-sectional view of a transparent
display device according to a second embodiment of the
present invention. Referring to FIG. 4, the transparent display
device includes a liquid crystal panel 10 and a mode switch-
ing circuit 20. The mode switching circuit 20 is electrically
connected to the liquid crystal panel 10 to selectively activate
the transparent display mode or the non-transparent display
mode of the liquid crystal panel.

[0031] Referring to FIG. 5, the mode switching circuit 20
includes a mode activate module 200, a mode determination
module 201, a signal processing module 202, and a driving
module 203. The mode activate module 200 is configured to
selectively activate the transparent display mode or the non-
transparent display mode of the liquid crystal panel 10. The
mode determination module 201 is configured to determine
the mode selected by the mode activate module 200 is the
transparent display mode or the non-transparent display
mode. The signal processing module 202 includes a transpar-
ent sub-pixel signal unit 202 and a color sub-pixel signal umt
202b. When the determination result of the mode determina-
tion module 201 is the transparent display mode, the trans-
parent sub-pixel signal unit 202a produces a control signal
corresponding to the transparent sub-pixel set to be ON and



US 2014/0292839 Al

transmits an image signal to the color sub-pixel signal unit
202b. When the determination result of the mode determina-
tion module is the non-transparent display mode, the trans-
parent sub-pixel signal unit 2024 produces a control signal
corresponding to the transparent sub-pixel set to be OFF and
transmits an image signal to the color sub-pixel signal unit
202b. The driving module 203 is configured to receive the
control signal corresponding to the transparent sub-pixel and
the image signal produced by the signal processing module
202 and produces a driving voltage signal for the liquid crys-
tal panel 10.

[0032] Referring to FIG. 6, first, in Step S61, the mode
switching circuit 20 is triggered from the external. The mode
activate module 200 selects and activates the transparent dis-
play mode or the non-transparent display mode. Transparent
display mode means, through the liquid crystal panel 10, both
the objects disposed behind the liquid crystal panel 10 and the
image displayed thereon can be seen. Non transparent display
mode means, through the liquid crystal panel 10, the image
displayed on the liquid crystal panel 10 can be seen, but the
objects disposed behind the liquid crystal panel 10 cannot be
seen. In Step 62, whether the selected mode is the transparent
display mode is determined. If the determination result is that
the selected mode is the transparent display mode, turning to
Step S63. In Step S63, the transparent sub-pixel signal unit
202a produces a control signal corresponding to the transpar-
ent sub-pixel set to be ON and transmits an image signal to the
color sub-pixel signal unit 20264. If the determination result is
that the selected mode is the non-transparent display mode,
turning to Step S64. In Step S64, the transparent sub-pixel
signal unit 202a produces a control signal corresponding to
the transparent sub-pixel set to be OFF and transmits an
image signal to the color sub-pixel signal unit 2025. In Step
S65, the driving module 203 produces a driving voltage signal
for the liquid crystal panel 10 according to the control signal
corresponding to the transparent sub-pixel and the image
signal. In Step S66, the liquid crystal panel displays an image
according to the driving voltage signal. When the transparent
sub-pixel is switched off, i.e., the non-transparent display
mode is selected, the objects disposed behind the liquid crys-
tal panel 10 is not viewable from the front side thereof. When
the transparent sub-pixel is switched on, i.e., the transparent
display mode is selected, the objects disposed behind the
liquid crystal panel 10 is viewable from the front side thereof.

[0033] The transparent display device of the present inven-
tion can be switched between the transparent display mode
and the non-transparent display mode. Correspondingly, the
transparent display device can be either a transparent display
device or a regular display device.

[0034] FIG. 7 is a cross-sectional view of a transparent
display device according to a third embodiment of the present
invention. Referring to FIG. 7, the difference between the
transparent display device in the third embodiment and the
transparent display device in the second embodiment is that
the transparent display device in the third embodiment further
includes a polarized light source 36. The position of the
polarized light source 36 is shown in FIG. 7, in the exemplary
embodiment, the polarized light source 36 is located or posi-
tioned facing toward the second polarizer 15. In other words,
the polarized light source 36 is located or positioned right
behind the liquid crystal panel 10. Referring to FIG. 8, in
alternative embodiments, the polarized light source 37 is
located or positioned on a periphery of the liquid crystal panel
10. In other words, the polarized light source 37 is located or
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positioned on a side of the rear of the liquid crystal panel 10.
Preferable, the polarization direction of the polarized light
source 36 or 37 is set to be parallel to a polarization direction
the second polarizer 15, to improve the display.

[0035] Referring to FIG. 7, in the exemplary embodiment,
the polarized light source 36 may include a third polarizer 360
and a natural light emitting element 361. A natural light
emitted from the natural light emitting element 361 transmits
through the third polarizer 360 and is incident on the second
polarizer 15. The natural light emitting element 361 may be a
light-emitting diode, or a cold cathode fluorescent tube, for
example.

[0036] Of course, the polarized light source itself may be a
polarized light emitting element. For example, referring to
FIG. 9, the polarized light source 37 can be a light-emitting
diode type polarized light emitting element. The polarized
light source 37 includes a light-emitting diode chip 370 and a
package 371 containing a polarizing material. The light-emit-
ting diode chip 370 is disposed on a substrate 372 and elec-
trically connected with the electrode 374 via a wire 373. The
package 371 is packaged on a light emitting side of the light-
emitting diode chip 370. A light emitted from the light-emit-
ting diode chip 370 transmits through the package 371 and is
incident on the second polarizer, and after being transmitted
through the third polarizer, a polarization direction of the light
is parallel to a polarization direction of the second polarizer.
The structure of the polarized light source 36, 37 is not limited
to the above description, as long as the polarization direction
thereof parallel to the polarization direction of the second
polarizer 15.

[0037] FIG. 10 is a cross-sectional view of an electronic
equipment according to a fourth embodiment of the present
invention. Referring to FIG. 10, the electronic equipment 40
includes a case 401 and a transparent display device disposed
on the case 401. The transparent display device can be the
transparent display device in the embodiments of the present
invention. The electronic equipment 40 includes a case 401
having a bottom wall 403 and a sidewall 402. The bottom wall
403 and a sidewall 402 define an opening 404. The liquid
crystal panel 10 in the transparent display device covers the
opening 404. The electronic equipment 40 further includes a
polarized light source, disposed on the bottom wall or the
sidewall of the case 401. Preferably, a polarization direction
of the polarized light source is parallel to a polarization direc-
tion of the second polarizer. The electronic equipment may be
a showcase, a refrigerator or a vending machine.

[0038] In summary, compared with the prior art, the liquid
crystal panel of the present invention includes a color filter
has a plurality of compound pixel regions, each of the com-
pound pixel regions has a transparent sub-pixel region, and a
second polarizer has a non-polarized pattern spatially corre-
sponding to the transparent sub-pixel region in the color filter,
so as to implement transparent display. In addition, the trans-
mittance of the liquid crystal panel of the present invention
can be improved by enhancing an occupied area ratio of the
transparent sub-pixel region. The liquid crystal panel of the
present invention can be used in the case of more adequate
light background, and can be integrated with multi-touch and
smart display technologies, as a public information display
terminals. For example, the liquid crystal panel maybe used in
computer monitors, display windows and other areas, with
display, interactive, advertising and other synergies.

[0039] The above description is given by way of example,
and not limitation. Given the above disclosure, one skilled in
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the art could devise variations that are within the scope and
spirit of the present invention disclosed herein, including
configurations ways of the recessed portions and materials
and/or designs of the attaching structures. Further, the various
features of the embodiments disclosed herein can be used
alone, or in varying combinations with each other and are not
intended to be limited to the specific combination described
herein. Thus, the scope ofthe claims is not to be limited by the
illustrated embodiments.

1. A transparent display device, comprising:

a liquid crystal panel, comprising:

a first substrate, comprising:
a first transparent base,
a color filter disposed on the first transparent base,
comprising:

a plurality of compound pixel regions, wherein
each of the compound pixel regions has a plural-
ity of color sub-pixel regions and a transparent
sub-pixel region;

a second substrate opposite to the first substrate;

a liquid crystal layer, sandwiched between the first sub-
strate and the second substrate;

a first polarizer, disposed on a side of the first substrate
far away from the liquid crystal layer; and

a second polarizer, disposed on a side of the second
substrate far away from the liquid crystal layer,
wherein the second polarizer comprises a non-polar-
ized pattern, the non-polarized pattern is spatially cor-
responding to the transparent sub-pixel region in the
color filter, and after a light passing through the non-
polarized pattern, the polarization state thereof
remains unchanged.

2. The transparent display device as claimed in claim 1,
wherein the plurality of color sub-pixel regions comprises a
red sub-pixel region, a green sub-pixel region, and a blue
sub-pixel region.

3. The transparent display device as claimed in claim 2,
wherein the red sub-pixel region, the green sub-pixel region,
the blue sub-pixel region, and the transparent sub-pixel region
are arranged in a 2x2 pixel array.

4. The transparent display device as claimed in claim 2,
wherein the red sub-pixel region, the green sub-pixel region,
the blue sub-pixel region, and the transparent sub-pixel region
are arranged in a 1x4 pixel array.

5. The transparent display device as claimed in claim 1,
further comprising: amode switching circuit electrically con-
nected to the liquid crystal panel, configured to switch on or
off transparent sub-pixels corresponding to the transparent
sub-pixel regions in the color filter, so as to implement switch
between a transparent display mode and a non-transparent
display mode.

6. The transparent display device as claimed in claim 5,
wherein the mode switching circuit comprising:

a mode activate module, configured to selectively activate
the transparent display mode or the non-transparent dis-
play mode of the liquid crystal panel;

amode determination module, configured to determine the
mode selected by the mode activate module is the trans-
parent display mode or the non-transparent display
mode;

asignal processing module, comprising a transparent sub-
pixel signal unit and a color sub-pixel signal unit,
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wherein when the determination result of the mode
determination module is the transparent display mode,
the transparent sub-pixel signal unit produces a control
signal corresponding to the transparent sub-pixel set to
be ON and transmits an image signal to the color sub-
pixel signal unit; when the determination result of the
mode determination module is the non-transparent dis-
play mode, the transparent sub-pixel signal unit pro-
duces a control signal corresponding to the transparent
sub-pixel set to be OFF and transmits an image signal to
the color sub-pixel signal unit; and

a driving module, configured to receive the control signal

corresponding to the transparent sub-pixel and the
image signal produced by the signal processing module
and produces a driving voltage signal for the liquid crys-
tal panel.

7. The transparent display device as claimed in claim 1,
further comprising:

apolarized light source, wherein a polarization direction of

the polarized light source is parallel to a polarization
direction of the second polarizer.

8. The transparent display device as claimed in claim 7,
wherein:

the polarized light source is disposed facing toward the

second polarizer.

9. The transparent display device as claimed in claim 7,
wherein the polarized light source is disposed on a periphery
of the liquid crystal panel.

10. The transparent display device as claimed in claim 7,
wherein the polarized light source comprises a natural light
emitting element and a third polarizer, a natural light emitted
from the natural light emitting element transmits through the
third polarizer and is incident on the second polarizer, and
after being transmitted through the third polarizer, a polariza-
tion direction of the natural light is parallel to a polarization
direction of the second polarizer.

11. The transparent display device as claimed in claim 7,
wherein the polarized light source comprises a light-emitting
diode chip and a package containing a polarizing material, a
light emitted from the light-emitting diode chip transmits
through the package and is incident on the second polarizer,
and after being transmitted through the third polarizer, a
polarization direction of the light is parallel to a polarization
direction of the second polarizer.

12. An electronic equipment, comprising:

a transparent display device as claimed in claim 1; and

a case comprising a bottom wall and a sidewall, the bottom

wall and the sidewall defining an opening in the case,
wherein the liquid crystal panel in the transparent dis-
play device covers the opening.

13. The electronic equipment as claimed in claim 12, fur-
ther comprising:

apolarized light source, disposed on the bottom wall or the

sidewall of the case, wherein a polarization direction of
the polarized light source is parallel to a polarization
direction of the second polarizer.

14. The electronic equipment as claimed in claim 12,
wherein the electronic equipment is a showcase, a refrigerator
or a vending machine.
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