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(57) ABSTRACT

Disclosed is a transparent display device including a light
guide plate formed with a plurality of concave patterns at the
lower surface thereof to totally reflect polarized light entered
in a lateral direction while transmitting natural light entered
from a lower direction therethrough; a light source disposed
in a lateral direction of the light guide plate to emit visible
light including first and second polarized lights; a first polar-
izing plate disposed at a lateral portion of the light guide plate
to transmit either one of the first and second polarized lights
through the light guide plate; aliquid crystal panel for driving
liquid crystals to change the phase of the polarized light; and
a second polarizing plate for controlling an amount of the
polarized light according to the changed phase of the polar-
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TRANSPARENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of Korean Application No. 10-2009-
0064664, filed on Jul. 15, 2009, the contents of which are
incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly, to a transparent display device having
a liquid crystal panel.

[0004] 2. Description of the Related Art

[0005] In recent years, studies on transparent display
devices forallowing rear objects to be seen as well as capable
of making a display thereon have been actively carried out.
[0006] Ingeneral, a transparent display device is capable of
making a transparent display in an organic light-emitting
panel or plasma panel using spontaneous light emission.
[0007] However, such a transparent display is not allowed
in a liquid crystal panel incapable of emitting spontaneous
light but using backlight. It is because a non-transparent back-
light assembly should be provided at a rear surface of the
panel and also polarizing plates should be provided respec-
tively at both front and rear surfaces of the liquid crystal panel
to control the transmission of light. In particular, in the polar-
izing plates provided respectively at both front and rear sur-
faces of the liquid crystal panel, light is transmitted there-
through when liquid crystals are driven in the liquid crystal
panel, but light is in a non-transparent state when liquid
crystals are not driven, and thus it may be impossible to
implement a transparent display.

[0008] Such transparent display devices may be applicable
to vehicle front glasses or house glasses to provide the user’s
desired information.

[0009] Therefore, the applicability of such transparent dis-
play devices is expected to be drastically expanded. In par-
ticular, a liquid crystal panel has wide viewing angle, high
luminance, high contrast and full color, and thus itis urgently
required to develop a transparent display device having a
liquid crystal panel.

SUMMARY OF THE INVENTION

[0010] Theobjective of the present invention is to provide a
transparent display device capable of implementing a trans-
parent display by removing the polarizing plates and chang-
ing the structure of a light guide plate.

[0011] In order to accomplish the foregoing objective, a
transparent display device according to the present invention
is characterized by including a light guide plate formed with
a plurality of concave patterns at the lower surface thereof to
totally reflect polarized light entered in a lateral direction
while transmitting natural light entered from alower direction
therethrough; a light source disposed in a lateral direction of
the light guide plate to emit visible light including a first and
a second polarized light; a first polarizing plate disposed at a
lateral portion of the light guide plate to transmit either one of
the first and second polarized lights through the light guide
plate; a liquid crystal panel for driving liquid crystals to
change the phase of the polarized light; and a second polar-
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izing plate for controlling an amount of the polarized light
according to the changed phase of the polarized light.
[0012] 1In order to accomplish the foregoing objective, a
transparent display device according to the present invention
is characterized by including a light guide plate formed with
a plurality of concave patterns at the lower surface thereof
having an inclined cross-section to totally reflect polarized
light entered in both lateral directions while transmitting
natural light entered from a lower direction therethrough; a
first and a second light source disposed in both lateral direc-
tions of the light guide plate to emit visible light including a
first and a second polarized light; a first and a second polar-
izing plate disposed at both lateral surfaces of the light guide
plate to transmit either one of the first and second polarized
lights through the light guide plate; a liquid crystal panel for
driving liquid crystals to change the phase of the polarized
light; and a third polarizing plate for controlling an amount of
the polarized light according to the changed phase of the
polarized light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0014] In the drawings:

[0015] FIG. 11is a schematic view illustrating a transparent
display device according to an embodiment of the present
invention;

[0016] FIG. 2 is a schematic cross-sectional view illustrat-
ing a transparent display device according to an embodiment
of the present invention;

[0017] FIG. 3 is a schematic view illustrating the change
process of a polarized light generated from a light source of
the transparent display device according to an embodiment of
the present invention;

[0018] FIG. 4 is a schematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to an embodiment of
the present invention is polarized through a polarizing plate
and a light guide plate;

[0019] FIG. 5is a schematic plan view illustrating concave
patterns formed at a lower surface of the light guide plate of
the transparent display device according to an embodiment of
the present invention;

[0020] FIG. 6 is a schematic view illustrating a transparent
display device according to another embodiment of the
present invention;

[0021] FIG. 7 is a schematic cross-sectional view illustrat-
ing a transparent display device according to another embodi-
ment of the present invention;

[0022] FIG. 8 is a schematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to another embodi-
ment of the present invention is polarized through a polariz-
ing plate and a light guide plate;

[0023] FIG. 9 s a schematic plan view illustrating concave
patterns formed at a lower surface of the light guide plate of
the transparent display device according to another embodi-
ment of the present invention;

[0024] FIG. 10 is a schematic view illustrating a transparent
display device according to still another embodiment of the
present invention;
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[0025] FIG.111isaschematic cross-sectional view illustrat-
ing a transparent display device according to still another
embodiment of the present invention;

[0026] FIG.12isaschematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to still another
embodiment of the present invention is polarized through a
polarizing plate and a light guide plate; and

[0027] FIG. 13 is a schematic plan view illustrating con-
cave patterns formed ata lower surface of the light guide plate
of the transparent display device according to still another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Hereinafter, a transparent display device according
to a preferred embodiment of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0029] FIG.11is a schematic view illustrating a transparent
display device according to an embodiment of the present
invention.

[0030] FIG. 2 is a schematic cross-sectional view illustrat-
ing a transparent display device according to an embodiment
of the present invention.

[0031] FIG. 3 is a schematic view illustrating the change
process of a polarized light generated from a light source of
the transparent display device according to an embodiment of
the present invention.

[0032] FIG. 4 1s a schematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to an embodiment of
the present invention is polarized through a polarizing plate
and a light guide plate.

[0033] FIG. 5is a schematic plan view illustrating concave
patterns formed at a lower surface of the light guide plate of
the transparent display device according to an embodiment of
the present invention.

[0034] Referring to FIGS. 1 and 2, a transparent display
device according to an embodiment of the present invention
may be configured by including a light source 10 for gener-
ating light, a first polarizing plate 30 for polarizing the light
generated from the light source, a light guide plate 20 for
outputting polarized light entered through the first polarizing
plate 30 to the front surface thereof, and a liquid crystal panel
40 and a second polarizing plate 50 for making a display by
the light outputted to the front surface through the light guide
plate 20.

[0035] Here, referring to FIG. 2, the liquid crystal panel 40
may be configured by including a first substrate 41 having a
thin-film transistor (not shown) which is a switching device
and a pixel electrode electrically connected to the thin-film
transistor; a second substrate 42 having a black matrix 43
formed at the upper surface thereof with regular intervals to
block light coming from the light source, a color filter pattern
44 formed in a region between the black matrices 43, and an
overcoat layer 45 formed on the color filter patterns 44; and a
liquid crystal layer 47 inserted between the first substrate 41
and the second substrate 42,

[0036] On the other hand, the light source 10 is disposed to
face a light incident surface 20a located at a side of the light
guide plate 20. The light source 10 may be a lamp, such as a
cold cathode fluorescence (CCFL) and external electrode
fluorescence lamp (EEFL), or a light-emitting diode array. At
this time, the light-emitting diode array may be configured
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with a red light-emitting diode, a green light-emitting diode,
and blue light-emitting diode, or a plurality of white light-
emitting diodes.

[0037] Furthermore, the light emitted from the light source
10 may include a first polarized light (vertical polarized light)
and a second polarized light (horizontal polarized light).
[0038] In addition, the first polarizing plate 30 is disposed
to adjoin and face the light incident surface 20a located at a
side of the light guide plate 20. In other words, the first
polarizing plate 30 is disposed between the light source 10
and the light incident surface 204 of the light guide plate 20.
At this time, the first polarizing plate 30 transmits only the
first polarized light from the light including the first polarized
light and the second polarized light therethrough.

[0039] If the light emitted from the light source 10 is
entered to the first polarizing plate 30, then only the first
polarized light from the light is transmitted by the first polar-
izing plate 30.

[0040] The light guide plate 20 allows the first polarized
light passed through the first polarizing plate 30 to be entered
into the liquid crystal panel 40 at the front side.

[0041] On the other hand, referring to FIG. 3, the light
emitted from the light source 10 may include a first and a
second polarized light, and only the first polarized light is
passed through the first polarizing plate 30, and the first
polarized light is entered into the liquid crystal panel 40
through the light guide plate 20, and a phase difference of the
first polarized light is changed by driving liquid crystals in the
liquid crystal panel 40, and the amount of light passed
through the second polarizing plate 50 is changed depending
on the changed level of the phase difference to express the
gradation.

[0042] Moreover, natural light coming from a lower direc-
tion of the light guide plate 20 is passed through the second
polarizing plate 50 regardless of driving the liquid crystal
panel 40, thereby allowing the user to see an object at a lower
portion of the light guide plate 20 regardless of making a
display.

[0043] Accordingly, light prior to entering into the light
guide plate 20 is polarized, thereby implementing a display
using the polarized light while maintaining a transparent state
using natural light coming from a lower direction of the light
guide plate 20. At this time, for a light source of the present
invention, natural light entered from a lateral direction of the
light guide plate 20 may be used as a light source of the
present invention, and polarized light emitted by an indoor
lamp may be also used.

[0044] On the other hand, it is difficult for the light guide
plate 20 to uniformly distribute light over an overall surface
thereof as located away from the light source 10, and thus the
thickness of the light guide plate 20 becomes smaller as
located away from the light source 10.

[0045] Furthermore, as illustrated in FIGS. 4 and 5, the
light guide plate 20 is formed with a plurality of concave
patterns 25 to make a uniform surface light source by scatter-
ing the light at the lower surface thereof. At this time, the
plurality of concave patterns 25 are formed by performing
laser irradiation at a lower surface of the light guide plate 20
using a separate mask (not shown) defined by the same pat-
tern shape as the concave patterns. At this time, irradiation
energy, irradiation time, and the like when performing laser
irradiation may be applied differently depending on the size
or kind of the product. The transparency and luminance of the
plurality of concave patterns 25 may vary depending on the
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size and interval of the patterns, and thus it is required to
properly adjust the size and interval of the patterns. Alterna-
tively, the concave patterns 25 may be formed using a method
such as ruggedness, etching, printing, and the like, as well as
laser irradiation.

[0046] Referring to FIG. 5, it is designed such that a dis-
tance (D1) between the left and right concave patterns 25
adjacent to each other in a horizontal direction (namely, X-di-
rection) of the plurality of concave patterns 25 is 50-350 pm,
and a distance (D2) between the upper and lower concave
patterns 25 adjacent to each other in a vertical direction
(namely, Y-direction) is 50-350 um. At this time, it is prefer-
ably designed such that a distance (D1) between the left and
right concave patterns 25 adjacent to each other in the hori-
zontal direction (namely, X-direction) is about 150-250 pm,
and a distance (D2) between the upper and lower concave
patterns 25 adjacent to each other in the vertical direction
(namely, Y-direction) is about 80-150 um. On the other hand,
it is more preferably designed such that a distance (D1)
between the left and right concave patterns 25 adjacent to
each other in the horizontal direction (namely, X-direction) is
about 200-230 um, and a distance (D2) between the upper and
lower concave patterns 25 adjacent to each other in the ver-
tical direction (namely, Y-direction) is about 90-120 um.

[0047] At this time, the intervals (D1, D2) between the
concave patterns 25 formed in a second region (P2) of the
plurality of concave patterns 25 located away from the light
source 10 on the basis of a central portion of the light guide
plate 20 are formed narrower than the intervals (D1, D2)
between the concave patterns 25 formed in a first region (P1)
thereof near to the light source 10. The intervals (D1, D2)
between the concave patterns 25 are formed narrower
because the second region (P2) of the light guide plate 20 is
located away from the light source 10, thereby allowing the
light generated from the light source 10 to be easily reached.

[0048] In addition, the plurality of concave patterns 25 are
formed with a oval-shaped structure, and the concave patterns
25 are 50-350 um in horizontal length (L1) and 50-300 pum in
vertical length (L2). At this time, it is preferably designed
such that a size of the concave patterns 25 formed in the first
region (P1) of the plurality of concave patterns 25 which is
located near to the light source 10 on the basis of a central
portion of the light guide plate 20 is 100-150 pm in horizontal
length (L1) and 50-150 pum in vertical length (L.2).

[0049] Also, it is preferably designed such that a size of the
concave patterns 25 formed in the first region (P2) which is
located away from the light source 10 on the basis of a central
portion of the light guide plate 20 is 100-200 pm in horizontal
length (L1) and 50-150 um in vertical length (L.2).

[0050] On the other hand, natural light may be entered from
a lower surface of the light guide plate 20, and at this time the
natural light may be entered to the liquid crystal panel 40 via
a portion between the concave patterns 25 of the light guide
plate 20. The transparent display device of the invention is
capable of maintaining a transparent state regardless of
whether or not being displayed by such natural light. Accord-
ingly, an object located at a lower portion of the light guide
plate is allowed to be viewed by the user at the front side.
[0051] At this time, the liquid crystal panel 40 contains
liquid crystals 47, the phase of the first polarized light may be
varied by driving liquid crystals. The phase of the first polar-
ized light that can be varied by driving liquid crystals may
have a range of 0-90 degrees.
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[0052] 1In addition, as described above, natural light is
entered to the liquid crystal panel 40 through a lower surface
of the light guide plate 20, where in the natural light may
include a first polarized light and a second polarized light.
Accordingly, both first and second polarized lights of the
natural light are entered to the liquid crystal panel 40, and thus
the second polarized light of the natural light is passed
through the liquid crystal panel 40 when liquid crystals are
not driven, and the first polarized light of the natural light is
passed through the liquid crystal panel 40 when liquid crys-
tals are driven. As a result, an object located at a lower portion
of the light guide plate 20 is allowed to be viewed by the user
regardless of driving liquid crystals, namely, making a dis-
play.

[0053] Furthermore, the second polarizing plate 50 may
have an optical axis perpendicular to the first polarizing plate
30. Therefore, the light transmission amount may be con-
trolled depending on the phase of the first polarized light
varied by driving liquid crystals. For example, in case where
the phase of the first polarized light is 0 degree, then the first
polarized light is not passed through the second polarizing
plate 50, but a more amount of the first polarized light can be
passed through the second polarizing plate 50 as increasing
the phase of the first polarized light, and thus it may be
possible to obtain more gradation as increasing the amount of
the first polarized light.

[0054] On the other hand, a transparent display device
according to another embodiment of the present invention
will be described below with reference to FIGS. 6 through 9.

[0055] FIG. 6 is a schematic view illustrating a transparent
display device according to another embodiment of the
present invention.

[0056] FIG. 7 is a schematic cross-sectional view illustrat-
ing a transparent display device according to another embodi-
ment of the present invention.

[0057] FIG. 8 is a schematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to another embodi-
ment of the present invention is polarized through a polariz-
ing plate and a light guide plate.

[0058] FIG. 9 is a schematic plan view illustrating concave
patterns formed at a lower surface of the light guide plate of
the transparent display device according to another embodi-
ment of the present invention.

[0059] Referring to FIGS. 6 and 7, a transparent display
device according to another embodiment of the present inven-
tion may be configured by including a light source 110 for
generating light, a first polarizing plate 130 for polarizing the
light generated from the light source, a light guide plate 120
for outputting polarized light entered through the first polar-
izing plate 130 to the front surface thereof, and a liquid crystal
panel 140 and a second polarizing plate 150 for making a
display by the light outputted to the front surface through the
light guide plate 120.

[0060] Here, referring to FIG. 7, the liquid crystal panel 140
may be configured by including a first substrate 141 having a
thin-film transistor (not shown) which is a switching device
and a pixel electrode electrically connected to the thin-film
transistor; a second substrate 142 having a black matrix 143
formed at the upper surface thereof with regular intervals to
block light coming from the light source, a color filter pattern
144 formed in a region between the black matrices 143, and
an overcoat layer 145 formed on the color filter patterns 144;
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and a liquid crystal layer 147 inserted between the first sub-
strate 141 and the second substrate 142.

[0061] On theotherhand, thelight source 110 is disposed to
face a light incident surface 120a located at a side of the light
guide plate 120. The light source 110 may be a lamp, such as
a cold cathode fluorescence (CCFL) and external electrode
fluorescence lamp (EEFL), or a light-emitting diode array. At
this time, the light-emitting diode array may be configured
with a red light-emitting diode, a green light-emitting diode,
and blue light-emitting diode, or a plurality of white light-
emitting diodes.

[0062] Furthermore, the light emitted from the light source
110 may include a first polarized light (vertical polarized
light) and a second polarized light (horizontal polarized
light).

[0063] Inaddition, the first polarizing plate 130 is disposed
to adjoin and face the light incident surface 120a located at a
side of the light guide plate 120 and inclined by a predeter-
minedangle (01). In other words, the first polarizing plate 130
is disposed between the light source 110 and the light incident
surface 120a of the light guide plate 120. At this time, the first
polarizing plate 130 transmits only the first polarized light
from the light including the first polarized light and the sec-
ond polarized light therethrough. The inclined angle (61) of
the light guide plate 120 has a range of about 35-55 degrees.
At this time, it is preferable that the inclined angle (61) of the
light guide plate 120 has a range of about 40-50 degrees.
[0064] If the light emitted from the light source 110 is
entered to the first polarizing plate 130, then only the first
polarized light from the light is transmitted by the first polar-
izing plate 130.

[0065] The light guide plate 120 allows the first polarized
light passed through the first polarizing plate 130 to be
entered into the liquid crystal panel 140 at the front side.
[0066] On the other hand, the light emitted from the light
source 110 may include a first and a second polarized light,
and only the first polarized light is passed through the first
polarizing plate 130, and the first polarized light is entered
into the liquid crystal panel 140 through the light guide plate
120, and a phase difference of the first polarized light is
changed by driving liquid crystals in the liquid crystal panel
140, and the amount of light passed through the second polar-
izing plate 150 is changed depending on the changed level of
the phase difference to express the gradation.

[0067] Moreover, natural light coming from a lower direc-
tion of the light guide plate 120 is passed through the second
polarizing plate 150 regardless of driving the liquid crystal
panel 140, thereby allowing the user to see an object at a lower
portion of the light guide plate 120 regardless of making a
display.

[0068] Accordingly, light prior to entering into the light
guide plate 120 is polarized, thereby implementing a display
using the polarized light while maintaining a transparent state
using natural light coming from a lower direction of the light
guide plate 120. At this time, for a light source of the present
invention, natural light entered from a lateral direction of the
light guide plate 120 may be used as a light source of the
present invention, and polarized light emitted by an indoor
lamp may be also used.

[0069] On the other hand, it is difficult for the light guide
plate 120 to uniformly distribute light over an overall surface
thereof as located away from the light source 110, and thus the
thickness of the light guide plate 120 becomes smaller as
located away from the light source 110.
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[0070] Furthermore, as illustrated in FIGS. 8 and 9, the
light guide plate 120 is formed with a plurality of concave
patterns 125 to make a uniform surface light source by scat-
tering the light at the lower surface thereof. At this time, the
plurality of concave patterns 125 are formed by performing
laser irradiation at a lower surface of the light guide plate 120
using a separate mask (not shown) defined by the same pat-
tern shape as the concave patterns. At this time, irradiation
energy, irradiation time, and the like when performing laser
irradiation may be applied differently depending on the size
or kind of the product. The transparency and luminance of the
plurality of concave patterns 125 may vary depending on the
size and interval of the patterns, and thus it is required to
properly adjust the size and interval of the patterns.

[0071] Referring to FIG. 9, it is designed such that a dis-
tance (D1) between the left and right concave patterns 125
adjacent to each other in a horizontal direction (namely, X-di-
rection) of the plurality of concave patterns 125 is 50-350 pm,
and a distance (D2) between the upper and lower concave
patterns 125 adjacent to each other in a vertical direction
(namely, Y-direction) is 50-350 pm. At this time, it is prefer-
ably designed such that a distance (D1) between the left and
right concave patterns 125 adjacent to each other in the hori-
zontal direction (namely, X-direction) is about 150-250 pm,
and a distance (D2) between the upper and lower concave
patterns 125 adjacent to each other in the vertical direction
(namely, Y-direction) is about 80-150 pm. On the other hand,
it is more preferably designed such that a distance (D1)
between the left and right concave patterns 125 adjacent to
each other in the horizontal direction (namely, X-direction) is
about 200-230 um, and a distance (D2) between the upper and
lower concave patterns 125 adjacent to each other in the
vertical direction (namely, Y-direction) is about 90-120 pm.
[0072] At this time, the intervals (D1, D2) between the
concave patterns 125 formed in a second region (P2) of the
plurality of concave patterns 125 located away from the light
source 110 on the basis of a central portion of the light guide
plate 120 are formed narrower than the intervals (D1, D2)
between the concave patterns 125 formed in a first region (P1)
thereof near to the light source 110. The intervals (D1, D2)
between the concave patterns 125 are formed narrower
because the second region (P2) of the light guide plate 120 is
located away from the light source 110, thereby allowing the
light generated from the light source 110 to be easily reached.
[0073] Inaddition, the plurality of concave patterns 125 are
formed with a oval-shaped structure, and the concave patterns
125 are 50-350 um inhorizontal length (L1) and 50-300 um in
vertical length (I.2). At this time, it is preferably designed
such that a size of the concave patterns 125 formed in the first
region (P1) of the plurality of concave patterns 125 which is
located near to the light source 110 on the basis of a central
portion of the light guide plate 120 is 100-150 pm in horizon-
tal length (L1) and 50-150 pm in vertical length (L.2).
[0074] Also, it is preferably designed such that a size of the
concave patterns 125 formed in the first region (P2) which is
located away from the light source 110 on the basis of a
central portion of the light guide plate 120 is 100-200 um in
horizontal length (L1) and 50-150 pm in vertical length (L2).
[0075] On the other hand, natural light may be entered from
alower surface of the light guide plate 120, and at this time the
natural light may be entered to the liquid crystal panel 140 via
a portion between the concave patterns 125 of the light guide
plate 120. The transparent display device of the invention is
capable of maintaining a transparent state regardless of
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whether or not being displayed by such natural light. Accord-
ingly, an object located at a lower portion of the light guide
plate is allowed to be viewed by the user at the front side.
[0076] At this time, the liquid crystal panel 140 contains
liquid crystals 147, the phase of the first polarized light may
be varied by driving liquid crystals. The phase of the first
polarized light that can be varied by driving liquid crystals
may have a range of 0-90 degrees.

[0077] In addition, as described above, natural light is
entered to the liquid crystal panel 140 through a lower surface
of the light guide plate 120, where in the natural light may
include a first polarized light and a second polarized light.
Accordingly, both first and second polarized lights of the
natural light are entered to the liquid crystal panel 140, and
thus the second polarized light of the natural light is passed
through the liquid crystal panel 140 when liquid crystals are
not driven, and the first polarized light of the natural light is
passed through the liquid crystal panel 140 when liquid crys-
tals are driven. As a result, an objectlocated at a lower portion
of the light guide plate 120 is allowed to be viewed by the user
regardless of driving liquid crystals, namely, making a dis-
play.

[0078] Furthermore, the second polarizing plate 150 may
have an optical axis perpendicular to the first polarizing plate
130. Therefore, the light transmission amount may be con-
trolled depending on the phase of the first polarized light
varied by driving liquid crystals. For example, in case where
the phase of the first polarized light is 0 degree, then the first
polarized light is not passed through the second polarizing
plate 150, but a more amount of the first polarized light can be
passed through the second polarizing plate 150 as increasing
the phase of the first polarized light, and thus it may be
possible to obtain more gradation as increasing the amount of
the first polarized light.

[0079] On the other hand, a transparent display device
according to still another embodiment of the present inven-
tion will be described below with reference to FIGS. 10
through 13.

[0080] FIG.10is aschematic view illustrating a transparent
display device according to still another embodiment of the
present invention.

[0081] FIG.111isaschematic cross-sectional view illustrat-
ing a transparent display device according to still another
embodiment of the present invention.

[0082] FIG.12isaschematic cross-sectional view illustrat-
ing a state that the light rays generated from a light source of
the transparent display device according to still another
embodiment of the present invention is polarized through a
polarizing plate and a light guide plate.

[0083] FIG. 13 is a schematic plan view illustrating con-
cave patterns formed at a lower surface of the light guide plate
of the transparent display device according to still another
embodiment of the present invention.

[0084] Referring to FIGS. 10 and 11, a transparent display
device according to still another embodiment of the present
invention may be configured by including a light sources 210,
235 for generating light, first polarizing plates 230, 235 for
polarizing the light generated from the light sources, a light
guide plate 220 for outputting polarized light entered through
the first polarizing plates 230, 235 to the front surface thereof,
and a liquid crystal panel 240 and a second polarizing plate
250 for making a display by the light outputted to the front
surface through the light guide plate 220.
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[0085] Here, referring to FIG. 11, the liquid crystal panel
240 may be configured by including a first substrate 241
having a thin-film transistor (not shown) which is a switching
device and a pixel electrode electrically connected to the
thin-film transistor; a second substrate 242 having a black
matrix 243 formed at the upper surface thereof with regular
intervals to block light coming from the light source, a color
filter pattern 244 formed in a region between the black matri-
ces 243, and an overcoat layer 245 formed on the color filter
patterns 244; and a liquid crystal layer 247 inserted between
the first substrate 241 and the second substrate 242.

[0086] On the other hand, the light sources 210, 215 are
disposed to face inclined-shaped light incident surfaces 220q,
2206 located at both sides of the light guide plate 220. The
light sources 210, 215 may be a lamp, such as a cold cathode
fluorescence (CCFL) and external electrode fluorescence
lamp (EEFL), or a light-emitting diode array. At this time, the
light-emitting diode array may be configured with a red light-
emitting diode, a green light-emitting diode, and blue light-
emitting diode, or a plurality of white light-emitting diodes.
[0087] Furthermore, the light emitted from the light
sources 210, 215 may include a first polarized light (vertical
polarized light) and a second polarized light (horizontal
polarized light).

[0088] In addition, the first polarizing plates 230, 235 are
disposed to adjoin and face the light incident surfaces 220q,
220b located at both sides of the light guide plate 220 and
inclined by a predetermined angle (61). In other words, the
first polarizing plates 230, 235 are disposed between the light
sources 210, 215 and the light incident surfaces 220a, 2205 of
the light guide plate 220. At this time, the first polarizing
plates 230, 235 transmit only the first polarized light from the
light including the first polarized light and the second polar-
ized light therethrough. The inclined angle (81) of the light
guide plate 220 has a range of about 35-55 degrees. At this
time, it is preferable that the inclined angle (61) of the light
guide plate 220 has a range of about 40-50 degrees.

[0089] Ifthelightemitted from the light sources 210, 215 is
entered to the first polarizing plates 230, 235, then only the
first polarized light from the light is transmitted by the first
polarizing plates 230, 235.

[0090] The light guide plate 220 allows the first polarized
light passed through the first polarizing plates 230, 235 to be
entered into the liquid crystal panel 240 at the front side.
[0091] On the other hand, the light emitted from the light
sources 210, 215 may include a first and a second polarized
light, and only the first polarized light is passed through the
first polarizing plates 230, 235, and the first polarized light is
entered into the liquid crystal panel 240 through the light
guide plate 220, and a phase difference of the first polarized
light is changed by driving liquid crystals in the liquid crystal
panel 240, and the amount of light passed through the second
polarizing plate 250 is changed depending on the changed
level of the phase difference to express the gradation.

[0092] Moreover, natural light coming from a lower direc-
tion of the light guide plate 220 is passed through the second
polarizing plate 250 regardless of driving the liquid crystal
panel 240, thereby allowing the user to see an object at a lower
portion of the light guide plate 220 regardless of making a
display.

[0093] Accordingly, light prior to entering into the light
guide plate 220 is polarized, thereby implementing a display
using the polarized light while maintaining a transparent state
using natural light coming from a lower direction of the light
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guide plate 220. At this time, for a light source of the present
invention, natural light entered from a lateral direction of the
light guide plate 220 may be used as a light source of the
present invention, and polarized light emitted by an indoor
lamp may be also used.

[0094] On the other hand, it is difficult for the light guide
plate 220 to uniformly distribute light over an overall surface
thereof as located away from the left and right light sources
210, 215, and thus the thickness of the light guide plate 220
becomes smaller as located away from the light sources 210,
215. In other words, the thickness is formed thinner as it goes
toward a central portion of the light guide plate 220. In par-
ticular, a lower surface of the light guide plate 220 is formed
to be inclined and smaller in the thickness as it goes toward a
central portion thereof from both sides of the light guide plate.
At this time, an inclined angle of the lower central portion of
the light guide plate 220 is preferably formed to be smaller
than 180 degrees.

[0095] Furthermore, as illustrated in FIGS. 12 and 13, the
light guide plate 220 is formed with a plurality of concave
patterns 225 to make a uniform surface light source by scat-
tering the light at the lower surface thereof. At this time, the
plurality of concave patterns 225 are formed by performing
laser irradiation at a lower surface of the light guide plate 220
using a separate mask (not shown) defined by the same pat-
tern shape as the concave patterns. At this time, irradiation
energy, irradiation time, and the like when performing laser
irradiation may be applied differently depending on the size
or kind of the product. The transparency and luminance of the
plurality of concave patterns 225 may vary depending on the
size and interval of the patterns, and thus it is required to
properly adjust the size and interval of the patterns.

[0096] Referring to FIG. 13, it is designed such that a dis-
tance (D1) between the left and right concave patterns 225
adjacent to each other in a horizontal direction (namely, X-di-
rection) of the plurality of concave patterns 225 is 50-350 pm,
and a distance (D2) between the upper and lower concave
patterns 225 adjacent to each other in a vertical direction
(namely, Y-direction) is 50-350 pm. At this time, it is prefer-
ably designed such that a distance (D1) between the left and
right concave patterns 225 adjacent to each other in the hori-
zontal direction (namely, X-direction) is about 150-250 pm,
and a distance (D2) between the upper and lower concave
patterns 225 adjacent to each other in the vertical direction
(namely, Y-direction) is about 80-150 pum. On the other hand,
it is more preferably designed such that a distance (D1)
between the left and right concave patterns 225 adjacent to
each other in the horizontal direction (namely, X-direction) is
about 200-230 pm, and a distance (D2) between the upper and
lower concave patterns 225 adjacent to each other in the
vertical direction (namely, Y-direction) is about 90-120 pm.

[0097] At this time, the intervals (D1, D2) between the
concave patterns 225 formed in a second region (P2) of the
plurality of concave patterns 225 located away from the light
sources 210, 215 on the basis of a central portion of the light
guide plate 120 are formed narrower than the intervals (D1,
D2)between the concave patterns 225 formed in a first region
(P1) thereof near to the light sources 210, 215. The intervals
(D1, D2) between the concave patterns 225 are formed nar-
rower because the second region (P2) of the light guide plate
220 is located away from the light sources 210, 215, thereby
allowing the light generated from the light sources 210, 215 to
be easily reached.
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[0098] 1Inaddition, the plurality of concave patterns 225 are
formed with a oval-shaped structure, and the concave patterns
225 are 50-350 um in horizontal length (1) and 50-300 um in
vertical length (L2). At this time, it is preferably designed
such that a size of the concave patterns 225 formed in the first
region (P1) of the plurality of concave patterns 225 which is
located near to the light sources 210, 215 on the basis of a
central portion of the light guide plate 220 is 100-150 um in
horizontal length (I.1) and 50-150 pm in vertical length (12).
[0099] Also, it is preferably designed such that a size of the
concave patterns 225 formed in the first region (P2) which is
located away from the light sources 210, 215 on the basis of
a central portion of the light guide plate 220 is 100-200 pm in
horizontal length (L1) and 50-150 pm in vertical length (L2).
[0100] On the other hand, natural light may be entered from
alower surface of the light guide plate 220, and at this time the
natural light may be entered to the liquid crystal panel 240 via
a portion between the concave patterns 225 of the light guide
plate 220. The transparent display device of the invention is
capable of maintaining a transparent state regardless of
whether or not being displayed by such natural light. Accord-
ingly, an object located at a lower portion of the light guide
plate is allowed to be viewed by the user at the front side.
[0101] At this time, the liquid crystal panel 240 contains
liquid crystals 247, the phase of the first polarized light may
be varied by driving liquid crystals. The phase of the first
polarized light that can be varied by driving liquid crystals
may have a range of 0-90degrees.

[0102] In addition, as described above, natural light is
entered to the liquid crystal panel 240 through a lower surface
of the light guide plate 220, where in the natural light may
include a first polarized light and a second polarized light.
Accordingly, both first and second polarized lights of the
natural light are entered to the liquid crystal panel 240, and
thus the second polarized light of the natural light is passed
through the liquid crystal panel 240 when liquid crystals are
not driven, and the first polarized light of the natural light is
passed through the liquid crystal panel 240 when liquid crys-
tals are driven. As a result, an object located at a lower portion
of the light guide plate 220 is allowed to be viewed by the user
regardless of driving liquid crystals, namely, making a dis-
play.

[0103] Furthermore, the second polarizing plate 250 may
have an optical axis perpendicular to the first polarizing plates
230, 235. Therefore, the light transmission amount may be
controlled depending on the phase of the first polarized light
varied by driving liquid crystals. For example, in case where
the phase of the first polarized light is 0 degree, then the first
polarized light is not passed through the second polarizing
plate 250, buta more amount of the first polarized light can be
passed through the second polarizing plate 250 as increasing
the phase of the first polarized light, and thus it may be
possible to obtain more gradation as increasing the amount of
the first polarized light.

[0104] As described above, according to the present inven-
tion, a polarizing plate disposed at an upper or lower portion
is removed from the polarizing plates that have been disposed
at the upper and lower portions of a conventional liquid crys-
tal panel, thereby allowing the implementation of a transpar-
ent display even in liquid crystal panels which were formerly
considered to be impossible to realize to expand the applica-
bility of such liquid crystal panels.

[0105] Inaddition,according to the present invention, some
of the polarizing plates required in the existing liquid crystal
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display devices and some of materials of the backlight unit
(optical sheets, etc.) can be removed, thereby reducing the
production cost of a transparent display device.

[0106] Although the present invention has been described
with reference to the preferred embodiments as illustrated in
the drawings, these are merely illustrative, and it should be
understood by those skilled in the art that various modifica-
tions and equivalent other embodiments of the present inven-
tion can be made.

What is claimed is:

1. A transparent display device, comprising:

a light guide plate formed with a plurality of concave
patterns at the lower surface thereof to totally reflect
polarized light entered in a lateral direction while trans-
mitting natural light entered from a lower direction
therethrough;

a light source disposed in a lateral direction of the light
guide plate to emit visible light including a first and a
second polarized light;

a first polarizing plate disposed at a lateral portion of the
light guide plate to transmit either one of the first and
second polarized lights through the light guide plate;

a liquid crystal panel for driving liquid crystals to change
the phase of the polarized light; and

a second polarizing plate for controlling an amount of the
polarized light according to the changed phase of the
polarized light.

2. The transparent display device of claim 1, wherein the
light source is any one of a lamp, a light-emitting diode array,
an indoor light, and natural light.

3. The transparent display device of claim 1, wherein the
light entered in a lateral direction of the light guide plate is
used to make a display, and the natural light entered from a
lower direction of the light guide plate is used in a transparent
state.

4. The transparent display device of claim 1, wherein the
plurality of concave patterns are formed by laser irradiation.

5. The transparent display device of claim 1, wherein a size
of the concave patterns formed in a second region of the
plurality of concave patterns located away from the light
source on the basis of a central portion of the lower surface of
the light guide plate is formed smaller than that of the concave
patterns formed ina first region thereoflocated adjacent to the
light source.

6. The transparent display device of claim 5, wherein the
concave patterns formed in the first region are 50-350 pm in
horizontal length and 50-300 pum in vertical length, and the
concave patterns formed in the second region are 100-200 pm
in horizontal length and 50-150 pm in vertical length.

7. The transparent display device of claim 1, wherein a
distance (D1) between the left and right concave patterns
adjacent to each other in a horizontal direction (X-direction)
of the plurality of concave patterns is 50-350 um, and a
distance (D2) between the upper and lower concave patterns
adjacent to each other in a vertical direction (Y-direction) is
50-350 pum.

8. The transparent display device of claim 1, wherein the
intervals between the concave patterns formed in a second
region of the plurality of concave patterns located away from
the light source on the basis of a central portion of the lower
surface of the light guide plate are formed narrower than the
intervals between the concave patterns formed in a first region
thereof located adjacent to the light source.
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9. The transparent display device of claim 1, wherein the
plurality of concave patterns have an oval-shaped structure.

10. The transparent display device of claim 1, wherein a
light incident surface of the light guide plate is formed with an
inclined structure.

11. The transparent display device of claim 10, wherein an
inclined angle of the light incident surface of the light guide
plate is between 35 and 55 degrees.

12. A transparent display device, comprising:

a light guide plate formed with a plurality of concave
patterns at the lower surface thereof having an inclined
cross-section to totally reflect polarized light entered in
both lateral directions while transmitting natural light
entered from a lower direction therethrough;

a first and a second light source disposed in both lateral
directions of the light guide plate to emit visible light
including a first and a second polarized light;

a firstand a second polarizing plate disposed at both lateral
surfaces of the light guide plate to transmit either one of
the first and second polarized lights through the light
guide plate;

a liquid crystal panel for driving liquid crystals to change
the phase of the polarized light; and

a third polarizing plate for controlling an amount of the
polarized light according to the changed phase of the
polarized light.

13. The transparent display device of claim 12, wherein the
first and the second light sources are any one of a lamp, a
light-emitting diode array, an indoor light, and natural light.

14.The transparent display device of claim 12, wherein the
light entered in a lateral direction of the light guide plate is
used to make a display, and the natural light entered from a
lower direction of the light guide plate is used in a transparent
state.

15. The transparent display device of claim 12, wherein the
plurality of concave patterns are formed by laser irradiation.

16. The transparent display device of claim 12, wherein a
size of the concave patterns formed in a second region of the
plurality of concave patterns located at a central portion of the
lower surface of the light guide plate to be away from the light
sources located at both lateral sides of the light guide plate is
formed smaller than that of the concave patterns formed in a
first region thereof located adjacent to the light sources
located at both lateral sides of the light guide plate.

17. The transparent display device of claim 16, wherein the
concave patterns formed in the first region of the plurality of
concave patterns are 50-350 um in horizontal length and
50-300 um in vertical length, and the concave patterns formed
in the second region are 100-200 um in horizontal length and
50-150 pm in vertical length.

18. The transparent display device of claim 12, wherein a
distance (D1) between the left and right concave patterns
adjacent to each other in a horizontal direction (X-direction)
of the plurality of concave patterns is 50-350 pm, and a
distance (D2) between the upper and lower concave patterns
adjacent to each other in a vertical direction (Y-direction) is
50-350 pum.

19. The transparent display device of claim 12, wherein the
intervals between the concave patterns formed in a second
region of the plurality of concave patterns located at a central
portion of the lower surface of the light guide plate to be away
from the light source are formed narrower than the intervals
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between the concave patterns formed in a first region thereof
located adjacent to the light sources located at both lateral
sides of the light guide plate.
20. The transparent display device of claim 12, wherein the
plurality of concave patterns have an oval-shaped structure.
21. The transparent display device of claim 12, wherein the
lower surface of the light guide plate is formed to be inclined
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and the depth thereof is decreased as it goes from both lateral
sides of the light guide plate toward the central portion
thereof.

22. The transparent display device of claim 21, wherein an
inclined angle of the central portion ofthe lower surface of the
light guide plate is less than 180 degrees.

#® ok ok ok ok
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