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(57) ABSTRACT

There is provided a see-through display device. A see-
through display device comprises a liquid crystal plate filled
withliquid crystals; first and second orientation plates respec-
tively positioned on upper and lower surfaces of the liquid
crystal plate, and controlling an initial alignment state of the
liquid crystals; first and second conductive plates respectively
positioned on an upper surface of the first orientation plate
and a lower surface of the second orientation plate, and being
filled with a conductive material; first and second transparent
plates respectively positioned on an upper surface of the first
conductive plate and a lower surface of the second conductive
plate; first and second polarizing plates respectively posi-
tioned on an upper surface of the first transparent plate and a
lower surface of the second transparent plate; and a transpar-
ent light guide plate spaced apart from a lower surface of the
second polarizing plate, and allowing beams incident from a
light source positioned at one side thereof to be totally
reflected and emitted upward. Accordingly, a see-through
display device comprises a transparent optical display device
and a transparent light guide plate having a light source dis-
posed at one side thereof, so that the display device can be
optically transparent even when it is not operated.
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TRANSPARENT SEE-THROUGH DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0046438, filed on May 20, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This disclosure relates to a transparent see-through
display device, and more particularly, to a device capable of
displaying images by allowing background radiation and
beams incident to the display device to be exclusively or
simultaneously transmitted or blocked.

[0004] 2. Description of the Related Art

[0005] Display devices through which various types of
information such as images and characters are visually dis-
played to human beings have come into the highlight as a core
sector in information and communication industries.

[0006] Inthe future, it is expected that displays will require
not only conventional ultra-thin, high-resolution and light
characteristics but also transparent and flexible characteris-
tics. Particularly, when transparent displays are applied to
televisions, monitors, vehicular displays, head-up displays
(HUDs) and the like, the ripple effect is enormous. Accord-
ingly, attentions have recently been paid to the transparent
displays.

[0007] Here, the transparent displays may be used for elec-
tronic products, transportation, industry, military and the like.
Particularly, when the transparent displays are applied to
vehicular windshields, information may be visually dis-
played through the transparent displays, and electronic
devices may be applied to any types of glass, thereby improv-
ing security systems and the like. Further, dashboards and
navigators may be easily built in vehicular windshields, and
glass for aquaria or show windows may be used as displays.
When the transparent displays are applied to military fields,
they may be applied to goggles for military, through which
targets and instructions in front of soldiers are displayed, and
the like.

[0008] However, it is difficult to implement the transparent
displays using current display technologies. A liquid crystal
display (LCD)is used to display a specific image by changing
arrangement of liquid crystal molecules when beams are sup-
plied to the LCD and radiated to the outside of the LCD. The
LCD have been sufficiently developed because current manu-
facturing techniques are stabilized, large-sized displays are
implemented, reliability is secured as commercial displays,
and the like.

[0009] However, it is difficult to implement transparent
displays because of main components such as a back light
apparatus and a color filter.

[0010] Here, the back light apparatus is divided into a direct
light type and a light guide type. The direct light type is a type
in which a light source is disposed beneath a light emission
surface to have an optical distribution of a surface light
source. In the direct light type, several light sources are dis-
posed, thereby improving luminance and broadening a light
emitting surface as compared with in the light guide type.
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However, the surface light emitting source is a problem in
implementing a transparent display. On the other hand, the
light guide type is a type in which a light guide plate is used
to guide beams toward a light emission surface, and a light
source is disposed at a side of the light guide plate. In the light
guide type, optical patterns are formed to allow luminance to
be uniformly distributed on the entire light emitting surface.
However, when a diffusion sheet is formed on the light guide
plite, the optical patterns cause distortion of transmitted
beams, and therefore, it is difficult to implement a transparent
display. Since the diffusion sheet diffuses beams, transpar-
ency of the light guide plate is considerably lowered. There-
fore, the diffusion sheet is a primary factor in blocking imple-
mentation of a transparent display.

[0011] Further, a color filter of the LCD has a transmittance
of 25% or less, and its efficiency is low. For this reason, it is
difficult to ensure transparency. The color filter is formed
using methods including electrodeposition, printing, dyeing
(dyeing of photopolymer patterns), pigment dispersion (pho-
tolithography using photopolymer in which pigments are dis-
persed), and the like. However, the electrodeposition has a
critical problem in uniformly arranging pixels and manufac-
turing large-sized substrates due to inequality of the shape
around an electrode. The dyeing is hardly used because it is
difficult to align liquid crystal cells at precise positions, it is
inaccurate to form patterns, and it is unsuitable for tile for-
mation of thin films, the improvement of resolution and the
formation of large-sized substrates. While the dyeing has
characteristics of precision (high resolution) of pattern for-
mation, high light transmittance, high color purity and the
like, the dying has problems of low thermal resistance, low
light resistance and low chemical resistance, caused by dis-
coloration or evaporation of the color of a pigment. The
pigment dispersion is most suitable out of the aforementioned
methods because it does not have such problems. Accord-
ingly, the pigment dispersion has recently been frequently
used in manufacturing color filters. However, most beams
emitted from a back light are absorbed or reflected by a color
filter formed using the pigment dispersion. Therefore, the
color filter is a main cause of low optical efficiency and an
obstacle in implementing transparent displays.

SUMMARY

[0012] This disclosure provides a see-through display
device which allows a display device to be optically transmit-
ted, so that background positioned at the rear of the display
device can be observed at the front of the display device in no
operation of the display device, and background positioned at
the rear of the display device and an image expressed of all
image monitor is formed simultaneously by completely
blocking the background or by blocking only a portion at
which an image is expressed and allowing the background to
be transmitted into other portions in operation of the display
device, thereby obtaining the effect that all image is expressed
in space.

[0013] This disclosure also provides a see-through display
device which can express images of an image monitor in
space without problems of image distortion generated by a
projector, complexity required in optical systems having long
focal length and illumination systems having high luminance,
ghost, and the like.

[0014] This disclosure also provides a see-through display
device which can save energy and have a thin thickness as
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compared with a conventional image display device by simul-
taneously or selectively using natural light or a light source.

[0015] This disclosure also provides a see-through display
device which can allow images to be recognized using a light
source and allow background positioned at the rear of the
display device to be still transmitted to the front of the display
device in an operation mode of tile light source, even when it
is difficult to clearly observe images expressed in an image
display device due to the low luminance level in time and
space where natural light is not received.

[0016] In one aspect, there is provided a see-through dis-
play device comprising a liquid crystal plate filled with liquid
crystals; first and second orientation plates respectively posi-
tioned on upper and lower surfaces of the liquid crystal plate,
and controlling an initial alignment state of the liquid crys-
tals; first and second conductive plates respectively posi-
tioned on an upper surface of the first orientation plate and a
lower surface of the second orientation plate, and being filled
with a conductive material; first and second transparent plates
respectively positioned on an upper surface of the first con-
ductive plate and a lower surface of the second conductive
plate; first and second polarizing plates respectively posi-
tioned on an upper surface of the first transparent plate and a
lower surface of the second transparent plate; and a transpar-
ent light guide plate spaced apart from a lower surface of the
second polarizing plate, and allowing beams incident from
one side thereof to be totally reflected and emitted upward.

[0017] In another aspect, there is provided a see-through
display device comprising a liquid crystal plate filled with
liquid crystals; first and second orientation plates respectively
positioned on upper and lower surfaces of the liquid crystal
plate, and controlling an initial alignment state of the liquid
crystals; first and second conductive plates respectively posi-
tioned on an upper surface of the first orientation plate and a
lower surface of the second orientation plate, and being filled
with a conductive material; first and second transparent plates
respectively positioned on an upper surface of the first con-
ductive plate and a lower surface of the second conductive
plate; first and second polarizing plates respectively posi-
tioned on an upper surface of the first transparent plate and a
lower surface of the second transparent plate; and a transpar-
ent light guide plate spaced apart from an upper surface of the
first polarizing plate, and allowing beams incident from one
side thereof to be totally reflected and emitted downward.
[0018] The polarizing axis of the first polarizing plate may
be formed perpendicular to that of the second polarizing
plate.

[0019] The first and second polarizing plates may be dich-
roic polarizing plates including iodine or pigmentation-ori-
ented polyvinyl alcohol.

[0020] The first and second transparent plates may be made
of glass or plastic.

[0021] The liquid crystal plate may be a twisted nematic
(TN) type display in which liquid crystal molecules are
twisted by about 80 to 90 degrees or a film compensated super
twisted nematic (FSTN) type display in which liquid crystal
molecules are twisted by about 180 to 270 degrees, and an
optical compensation film is added to the film compensated
super twisted nematic (FSTN).

[0022] Each of the first and second conductive plates may
comprises a thin addressable electrode matrix.
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[0023] The light guide plate may comprise a light path
changing means allowing beams incident from the side of the
light guide plate to be refracted and advanced toward the
second polarizing plate.

[0024] The light path changing means may comprise a plu-
rality of patterns formed on an upper or lower surface of the
light guide plate so that beams are refracted and then emitted
toward the second polarizing plate.

[0025] The plurality of patterns may be sparsely spaced
apart from one another to minimize refraction of beams
which are incident to the lower surface of the light guide plate,
transmitted into the light guide plate and then emitted to the
upper surface of the light guide plate.

[0026] Thelightguide plate may be formed of a transparent
optical material including at least one of polymethyl meth-
acrylate (PMMA), polycarbonate (PC) and polydimethylsi-
loxane (PDMS).

[0027] Thelightsource may be positioned at one side of the
transparent light guide, wherein the light source is a combi-
nation of a cold cathode fluorescent lamp (CCFL) and a
reflective body, or a light emitting diode (LED).

[0028] The polarizing axis of the first polarizing plate may
be formed parallel with a polarizing axis of the second polar-
izing plate.

[0029] The second polarizing plate may allow beams hav-
ing a polarizing state perpendicular to a stretch direction
thereof to be transmitted and allow beams having a polarizing
state parallel with the stretch direction thereof to be reflected.
[0030] The light guide plate may comprise a light path
changing means allowing beams incident from the side of the
light guide plate to be refracted and advanced toward the first
polarizing plate.

[0031] The plurality of patterns may be sparsely spaced
apart from one another to minimize refraction of beams
which are incident to the upper surface of the light guide plate,
transmitted into the light guide plate and then emitted to the
lower surface of the light guide plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects, features and advan-
tages of the disclosed exemplary embodiments will be more
apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:
[0033] FIG. 1isacross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a first embodiment;

[0034] FIG. 2 is a view illustrating an embodiment of the
structure of a transparent light guide plate in the see-through
display device;

[0035] FIG. 3 is a view illustrating another embodiment of
the structure of a transparent light guide plate in the see-
through display device;

[0036] FIG. 4 is a view illustrating still another embodi-
ment of the structure of a transparent light guide plate in the
see-through display device;

[0037] FIG. 5 is a view illustrating the operation when a
see-through display device is in a transmitting state according
to the first embodiment;

[0038] FIG. 6 is a view illustrating the operation when a
see-through display device is in a blocking state according to
the first embodiment;

[0039] FIG. 7 is a view illustrating an embodiment of the
display state of a pixelated transmissive see-through display
device;
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[0040] FIG. 8 is a view illustrating another embodiment of
the display state of a pixelated transmissive see-through dis-
play device;

[0041] FIG.9isacross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a second embodiment;

[0042] FIG. 10 is a view illustrating the operation when a
see-through display device is in a transmitting state according
to the second embodiment; and

[0043] FIG. 11 is a view illustrating the operation when a
see-through display device is in a blocking state according to
the second embodiment.

DETAILED DESCRIPTION

[0044] Hereinafter, a transmissive see-through display
device according to a first embodiment will be described with
reference to the accompanying drawings.

[0045] FIG. 1isacross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a first embodiment. FIG. 2 is a view illustrating
an embodiment of the structure of a transparent light guide
plate in the see-through display device. FIG. 3 is a view
illustrating another embodiment of the structure of a trans-
parent light guide plate in the see-through display device.
FIG. 4 is a view illustrating still another embodiment of the
structure of a transparent light guide plate in the see-through
display device. FIG. 5 is a view illustrating an embodiment of
the operation when a see-througll display device is in a trans-
mitting state. FIG. 6 is a view illustrating an embodiment of
the operation when a see-through display device is in a block-
ing state. FIG. 7 is a view illustrating an embodiment of the
display state of a pixelated transmissive see-through display
device. FIG. 8 is a view illustrating another embodiment of
the display state of a pixeled transmissive see-through display
device.

[0046] FIG.1isacross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a first embodiment.

[0047] As illustrated in FIG. 1, the transmissive see-
through display device 11)0 comprises a transparent optical
display device 109. The transparent optical display device
1()9 comprises a pair of first and second transparent plates
102 and 108, which are disposed while being spaced apart
from each other at a predetermined distance.

[0048] Transparent conductive plates 103 and 107 are
respectively positioned on inner surfaces of the first and sec-
ond transparent plates 102 and 108. The transparent first and
second conductive plates 103 and 107 are used to apply a
voltage to liquid crystals 105 interposed therebetween, and
may be connected to a panel converting device (not shown)
provided at the outside of the display device. The transparent
first and second conductive plates 103 and 107 may be made
of glass or plastic having optical transparency and low bire-
fringence. For pixelation of the display device, each of the
transparent first and second conductive plates 103 and 107
may comprise a thin addressable electrode matrix. Twist of
the liquid crystals 105 interposed between the transparent
first and second conductive plates 103 and 107 may be con-
trolled by the panel converting device provided at the outside
of the display device, thereby controlling brightness.

[0049] First and second orientation plates 104 and 106 are
respectively positioned on inner surfaces of the transparent
first and second conductive plates 103 and 107. The first and
second orientation plates 104 and 106 determine an initial
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alignment state of the liquid crystals interposed therebe-
tween. Accordingly, in the alignment state of the liquid crys-
tals 105, an upper portion in contact with the first orientation
plate 104 and a lower portion in contact with the second
orientation plate 106 are aligned in directions of first and
second arrows 114 and 113, respectively. The liquid crystals
105 may be a twisted nematic (TN) type display or a film
compensated super twisted nematic (FSTN) type display. In
the TN type display, liquid crystal molecules are twisted by
about 80 to 90 degrees when an electric field is not applied
thereto. Inthe FSTN type display, liquid crystal molecules are
twisted by about 180 to 270 degrees, and an optical compen-
sation film is added to a STN type display.

[0050] Here, the TN type is a type in which liquid crystal
molecules interposed between upper and lower substrates are
twisted by about 80 to 90 degrees. However, since liquid
crystal molecules are oriented to be twisted by about 180 to
270 degrees, a STN type display uses transmittance of beams
changed rapidly in the FSTN type display, an optical com-
pensation film is added to the STN type display to compensate
for a defect of the STN type display, which on/off display
colors are yellowish green and dark blue. Accordingly, white
and black can be expressed.

[0051] First and second polarizing plates 101 and 110 are
respectively positioned oil outer surfaces of the transparent
optical display device 109. The first and second polarizing
plates 101 and 110 polarize unpolarized beams incident from
the outside so as to pass only components of the beams
parallel with the polarizing axes of the first and second polar-
izing plates 101 and 110 and to absorb components of the
beams perpendicular to the polarizing axes of the first and
second polarizing plates 101 and 110. The polarizing axes of
firstand second polarizing plates 101 and 110 are respectively
arranged in directions of the first Wand second arrows 114
and 113 which are arranged perpendicular to each other.
Here, the first and second polarizing plates 101 and 110 may
be dichroic polarizing plates including iodine or pigmenta-
tion-oriented polyvinyl alcohol.

[0052] A transparent light guide plate 111 is positioned
below the second polarizing plate 110, and a light source 112
is positioned at one side of the light guide plate 111. Beams
emitted from the light source 112 are incident to the light
guide plate 111, refracted at an angle approximate to verti-
cality by a plurality of patterns (not shown) formed on the
light guide plate 111, and then incident to the transparent
optical display device 109.

[0053] Here, the light guide plate 111 may be formed of a
transparent optical material. More specifically, the light guide
plate 111 may be formed of a transparent optical material
including at least one of polymethyl methacrylate (PMMA),
polycarbonate (PC) and polydimethylsiloxanie (PDMS),
which are polymer resins and have high transparency, high
durability and the like.

[0054] FIG. 2 is a view illustrating an embodiment of the
structure of a transparent light guide plate in the see-through
display device.

[0055] As illustrated in FIG. 2, a light source 201 is dis-
posed at one side of the transparent light guide plate 200, and
a plurality of transparent patterns 202 are formed on the front
of the light guide plate 200. Beams emitted from the light
source 201 become beams 203 which are totally reflected
inside the light guide plate 200 and then refracted with all
angle approximate to verticality through the patterns 202.
Background beams incident from the rear of the light guide
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plate 200 become beams 204 which are transmitted into the
light guide plate 200 and then vertically transmitted through
a flat upper surface of each of the patterns 202, beams 205
which are vertically transmitted through portions having no
pattern of the light guide plate 200, or beams 206 which are
refracted through an edge of each of the patterns 202 and
diagonally transmitted. The refracted beams 206 result in
distortion of the background beams. Accordingly, the patterns
202 are sparsely spaced apart from one another, thereby
reducing the distortion of the background beams.

[0056] FIG. 3 is a view illustrating another embodiment of
the structure of a transparent light guide plate in the see-
through display device.

[0057] As illustrated in FIG. 3, a light source 301 is dis-
posed at one side of the transparent light guide plate 300, and
a plurality of recessed patterns 302 are formed in the front of
the light guide plate 300. Beams emitted from the light source
301 become beams 303 which are totally reflected inside the
light guide plate 300 and then refracted with an angle approxi-
mate to verticality through the recessed patterns 302. Back-
ground beams incident from the rear of the light guide plate
300 become beams 305 which are vertically transmitted
through a flat surface of each of the recessed patterns 302,
beams 304 which are vertically transmitted through portions
having no pattern of the light guide plate 300, or beams 306
which are refracted through an edge of each of the patterns
302 and diagonally transmitted. The refracted beams 306
resultin distortion of the background beams. Accordingly, the
recessed patterns 302 are sparsely spaced apart from one
another, thereby reducing the distortion of the background
beams.

[0058] FIG. 4 is a view illustrating still another embodi-
ment of the structure of a transparent light guide plate in the
see-through display device.

[0059] As illustrated in FIG. 4, a light source 401 is dis-
posed at one side of the transparent light guide plate 400, and
a plurality of transparent patterns 402 are formed in the front
of the light guide plate 400. Beams emitted from the light
source 401 become beams 403 which are totally reflected
inside the light guide plate 400 and then refracted with an
angle approximate to verticality through the patterns 402.
Background beams incident from the rear of the light guide
plate 300 become beams 404 which are transmitted into the
light guide plate 400 and then vertically transmitted through
a flat upper surface of each of the patterns 402, beams 405
which are vertically transmitted through portions having no
pattern of the light guide plate 400, or beams 406 which are
refracted through an edge of each of the patterns 402 and
diagonally transmitted. The refracted beams 406 result in
distortion of the background beams. Accordingly, the patterns
402 are sparsely spaced apart from one another, thereby
reducing the distortion of the background beams.

[0060] FIG. 5is a view illustrating an embodiment of the
operation when a see-througl display device is in a transmit-
ting state.

[0061] Asillustrated in FIG. 5, when the display device 500
is in a transmitting state, background beams 508 incident
fromthe rear of the display device 500 are unpolarized beams.
After the background beams 508 pass through a transparent
light guide plate 504, they are still maintained as unpolarized
beams 509. While the beams 509 passing through the light
guide plate 504 are transmitted into a second polarizing plate
503, only components of the beams 509 parallel with a polar-
izing axis 506 are transmitted into the second polarizing plate
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503, and components of the beams 509 perpendicular to the
polarizing axis 506 are absorbed by the second polarizing
plate 503. Meanwhile, liquid crystal plate 502 may be of a TN
type display or an FSTN type display. In the TN type display,
liquid crystal molecules are twisted by about 80 to 90 degrees.
In the FSTN type display, liquid crystal molecules are twisted
by about 180 to 270 degrees, and an optical compensation
film is added to the STN type display. The optical compen-
sation filmis prepared by uniaxially stretching a polymer film
to have a specific phase difference.

[0062] At this time, an electric field is not applied to the
liquid crystals 502, and the liquid crystals 502 are twisted by
about 90 degrees in an initial alignment state.

[0063] Accordingly, the polarizing direction of beams 510
advancing inside the liquid crystals 502 is changed into 90
degrees. When the beams 510 are transmitted into a first
polarizing plate 501, polarized components of the beams 510
have the same direction as that of a polarizing axis 507 of the
first polarizing plate 501. For this reason, the beams 510
become beams 511 which are transmitted without absorption
and then emitted to the front of the display device 500.

[0064] Beams (not shown) emitted from a light source 505
disposed at one side of the light guide plate 504 become
unpolarized beams 512 which are incident to the light guide
plate 504, refracted at an angle approximate to verticality
with respect to the light guide plate 504 and then incident to
the second polarizing plate 503. While the beams 512 are
transmitted into the second polarizing plate 503, only com-
ponents of the beams 512 parallel with the polarizing axis 506
are transmitted into the second polarizing plate 506, and
components of the beams 512 perpendicular to the polarizing
axis 506 are absorbed by the second polarizing plate 503. The
polarizing direction of beams 513 advancing inside the liquid
crystals 502 is changed into about 90 degrees. When the
beams 513 are transmitted into the first polarizing plate 501,
polarized components of the beams 513 have the same direc-
tion as that of the polarizing axis 507 of the first polarizing
plate 501. For this reason, the beams 513 become beams 514
which are transmitted without absorption and then emitted to
the front of the display device 500.

[0065] FIG. 6 is a view illustrating an embodiment of the
operation when a see-througl display device is in a blocking
state.

[0066] Asillustrated in FIG. 6, when the display device 600
is in a blocking state, background beams 608 incident from
the rear of the display device 600 are unpolarized beams.
After the background beams 608 pass through a transparent
light guide plate 605, they are still maintained as unpolarized
beams 609. While the beams 609 passing through the light
guide plate 605 are transmitted into a second polarizing plate
603, only components of the beams 609 parallel with a polar-
izing axis 606 are transmitted into the second polarizing plate
603, and components of the beams 609 perpendicular to the
polarizing axis 606 are absorbed by the second polarizing
plate 603. At this time, an electric field is applied to liquid
crystals 602, and the liquid crystals 602 are untwisted from
the initial alignment state in which the liquid crystals 602 are
twisted by about 90 degrees. Accordingly, the polarizing
direction of beams 610 advancing inside the liquid crystals
602 is maintained. When the beams 610 are transmitted into
a first polarizing plate 601, polarized components of the
beams 610 are perpendicular to a polarizing axis 607 of the
first polarizing plate 601. For this reason, all the polarized
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components of the beams 610 are absorbed by the first polar-
izing plate 601, and there is no beam emitted to the front of the
display device 600.

[0067] Beams (not shown) emitted from a light source 604
disposed at one side of the light guide plate 605 become
unpolarized beams 611 which are incident to the light guide
plate 605, refracted at an angle approximate to verticality
with respect to the light guide plate 605 and then incident to
the second polarizing plate 603. While the beams 611 are
transmitted into the second polarizing plate 603, only com-
ponents of the beams 611 parallel with the polarizing axis 606
are transmitted into the second polarizing plate 606, and
components of the beams 611 perpendicular to the polarizing
axis 606 are absorbed by the second polarizing plate 603. The
polarizing direction of beams 612 advancing inside the liquid
crystals 602 is maintained. When the beams 612 are transmit-
ted into the first polarizing plate 601, polarized components
of the beams 612 are perpendicular to the polarizing axis 607
of the first polarizing plate 601. For this reason, all the polar-
ized components of the beams 612 are absorbed by the first
polarizing plate 601, and there is no beam emitted to the front
of the display device 600.

[0068] FIG. 7 is a view illustrating an embodiment of the
display state of a pixelated transmissive see-through display
device.

[0069] As illustrated in FIG. 7, when the pixelated trans-
missive see-through display device 700 is in a display state,
the display device 700 is divided into pixels 701 in a trans-
mitting state and blocking pixels 702 in a blocking state using
voltage addressing performed by first and second conductive
plates. Since the pixels 701 in the transmitting state allow
incident beams to be transmitted, beams 704 pass through the
display device 700 and reach user’s eyes. Since the pixels 702
in the blocking state allow incident beams to be blocked,
beams 703 are absorbed into the display device 700 and do
not reach the user’s eyes. Accordingly, the user observes
number “1” expressed by the pixels 702 in the blocking state
while seeing bright beams emitted by a light source (not
shown) of a transparent light guide plate and rear background
through the pixels 701 in the transmitting state.

[0070] FIG. 8 is a view illustrating another embodiment of
the display state of a pixelated transmissive see-through dis-
play device.

[0071] As illustrated in FIG. 8, when the pixelated trauis-
missive see-through display device 800 is in a display state,
the display device 800 is divided into pixels 802 in a trans-
mitting state and blocking pixels 801 in a blocking state using
voltage addressing performed by first and second conductive
plates. Since the pixels 8§02 in the transmitting state allow
incident beams to be transmitted, beams 803 pass through the
display device 800 and reach user’s eyes. Since the pixels 801
in the blocking state allow incident beams to be blocked,
beams 804 are absorbed into the display device 800 and do
not reach the user’s eyes. Accordingly, the user observes
black background expressed by the pixels 8§01 in the blocking
state, and bright beams emitted by a light source (not shown)
of a transparent light guide plate, and number “1” expressed
by the pixels 802 in the transmitting state, through which rear
background is transmitted.

[0072] Meanwhile, each of the first and second conductive
plates has a thin addressable electrode matrix formed on an
inner surface of each of the first and second conductive plates
so as to implement pixels of a liquid crystal plate.
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[0073] Hereinafter, a transmissive see-through display
device according to a second embodiment will be described
with reference to the accompanying drawings.

[0074] FIG. 9isa cross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a second embodiment. FIG. 10 is a view illus-
trating an embodiment of the operation when a see-through
display device is in a transmitting state. FIG. 11 is a view
illustrating an embodiment of the operation when a see-
through display device is in a blocking state.

[0075] FIG. 9isacross-sectional perspective view illustrat-
ing the structure of a transmissive see-through display device
according to a second embodiment.

[0076] As illustrated in FIG. 9, the transmissive see-
through display device 900 comprises a transparent optical
display device 911.

[0077] The transparent optical display device 911 com-
prises a pair of first and second transparent plates 904 and
910, which are disposed while being spaced apart from each
other at a predetermined distance.

[0078] Transparent conductive plates 905 and 909 are
respectively positioned oil inner surfaces of the first and sec-
ond transparent plates 904 and 910. The transparent first and
second conductive plates 905 and 909 are used to apply a
voltage to liquid crystals 907 interposed therebetween, and
may be connected to a panel converting device (not shown)
provided at the outside ofthe display device. For pixelation of
the display device, each Of the transparent first and second
conductive plates 905 and 909 may comprise a thin address-
able electrode matrix. Twist of the liquid crystals 907 inter-
posed between the transparent first and second conductive
plates 905 and 909 may be controlled by the panel converting
device provided at the outside of the display device, thereby
controlling brightness.

[0079] First and second orientation plates 906 and 908 are
respectively positioned on inner surfaces of the transparent
first and second conductive plates 905 and 909. The first and
second orientation plates 906 and 908 determine an initial
alignment state of the liquid crystals interposed therebe-
tween. Accordingly, in the alignment state of the liquid crys-
tals 907, an upper portion in contact with the first orientation
plate 906 and a lower portion in contact with the second
orientation plate 908 are aligned in directions of third and
fourth arrows 914 and 913, respectively. The liquid crystals
907 may be the TN type display or the FSTN type display. In
the TN type display, liquid crystal molecules are twisted by
about 80 to 90 degrees when an electric field is not applied
thereto. Inthe FSTN type display, liquid crystal molecules are
twisted by about 180 to 270 degrees, and an optical compen-
sation film is added to the STN type display.

[0080] A first polarizing plate 903 positioned on an upper
surface of the transparent optical display device 911 polarizes
unpolarized beams incident from the outside so as to pass
only components of the beams parallel with the polarizing
axis of the first polarizing plate 903 and to absorb components
of the beams perpendicular to the polarizing axis of the first
polarizing plate 903. A second polarizing plate 912 posi-
tioned on a lower surface of the transparent optical display
device 911 polarizes unpolarized beams incident from the
outside s0 as to pass only components of the beams parallel
with the polarizing axis of the second polarizing plate 9712
and to reflect components of the beams perpendicular to the
polarizing axis of the second polarizing plate 912. The polar-
izing axes of the first and second polarizing plates 903 and
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912 are respectively arranged in directions of the third and
fourth arrows 914 and 913 which are arranged petpendicular
to each other.

[0081] A transparent light guide plate 902 is positioned
above the first polarizing plate 903, and a light source 901 is
positioned at one side of the light guide plate 902. Beams
emitted from the light source 901 are incident to the light
guide plate 902, refracted at an angle approximate to verti-
cality by a plurality of patterns (not shown) formed on the
light guide plate 902, and then incident to the transparent
optical display device 911.

[0082] FIG. 10 is a view illustrating an embodiment of the
operation when a see-through display device is in a transmit-
ting state.

[0083] As illustrated in FIG. 10, when the display device
1000 is in a transmitting state, background beams 1008 inci-
dent from the rear of the display device 1000 are unpolarized
beams. While the background beams 1008 are transmitted
into a second polarizing plate 1005, only components of the
background beams 1008 parallel with a polarizing axis 1006
are transmitted into the second polarizing plate 1005, and
components of the background beams 1008 perpendicular to
the polarizing axis 1006 are reflected by the second polarizing
plate 1005. At this time, an electric field is not applied to
liquid crystals 1004, and the liquid crystals 1004 are twisted
by about 90 degrees in an initial alignment state. Accordingly,
the polarizing direction of beams 1009 advancing inside the
liquid crystals 1004 is changed into about 90 degrees. When
the beams 1009 are transmitted into a first polarizing plate
1003, polarized components of the beams 1009 have the same
direction as that of a polarizing axis 1007 of the first polariz-
ing plate 1003. For this reason, the beams 1009 become
beams 1010 which are transmitted into the first polarizing
plate 1003 without absorption. The transmitted beams 1010
become beams 1011 which are incident to a transparent light
guide plate 1002, transmitted into the light guide plate 1002
and then emitted to the front of the display device 1000.
[0084] Beams (notshown)emitted from alight source 1001
disposed at one side of the light guide plate 1002 become
unpolarized beams 1012 which are incident to the light guide
plate 1002, refracted at an angle approximate to verticality
with respect to the light guide plate 1002 and then incident to
the first polarizing plate 1003. While the beams 1012 are
transmitted into the first polarizing plate 1003, only compo-
nents of the beams 1012 parallel with the polarizing axis 1007
are transmitted into the first polarizing plate 1003, and com-
ponents of the beams 1012 perpendicular to the polarizing
axis 1007 are absorbed by the first polarizing plate 1003. The
polarizing direction of beams 1013 advancing inside the lig-
uid crystals 1004 is changed into about 90 degrees. When the
beams 1013 are transmitted into the second polarizing plate
1005, polarized components of the beams 1013 have the same
direction as that of the polarizing axis 1006 of the second
polarizing plate 1005. For this reason, the beams 1013
become beams 1014 which are transmitted without reflection
and then emitted to the front of the display device 1000. The
beams 1014 emitted to the rear of the display device 1000
functions to illuminate background (not shown) positioned at
the rear of the display device 1000, so that a user can con-
tinuously observe the background in time/space having a low
luminance level.

[0085] FIG. 11 is a view illustrating an embodiment of the
operation when a see-through display device is in a blocking
state.
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[0086] As illustrated in FIG. 11, when the display device
1100 is in a blocking state, background beams 1108 incident
from the rear of the display device 1100 are unpolarized
beams. While the background beams 1108 are transmitted
into a second polarizing plate 1105, only components of the
background beams 1108 parallel with a polarizing axis 1106
are transmitted into the second polarizing plate 1105, and
components of the background beams 1108 perpendicular to
the polarizing axis 1106 are reflected by the second polarizing
plate 1105. At this time, an electric field is applied to liquid
crystals 1104, and the liquid crystals 1104 are untwisted from
the initial alignment state in which theliquid crystals 1104 are
twisted by about 90 degrees. Accordingly, the polarizing
direction of beams 1109 advancing inside the liquid crystals
1104 is maintained. When the beams 1109 are transmitted
into a first polarizing plate 1103, polarized components of the
beams 1109 ale perpendicular to a polarizing axis 1107 of the
first polarizing plate 1103. For this reason, all the polarized
components of the beams 1109 are absorbed by the first
polarizing plate 1103, and there is no beam emitted to the
front of the display device 1100.

[0087] Beams (notshown)emitted from alight source 1101
disposed at one side of a transparent light guide plate 1102
become unpolarized beams 1110 which are incident to the
tight guide plate 1102, refracted at an angle approximate to
verticality with respect to the light guide plate 1102 and then
incident to the first polarizing plate 1103. While the beams
1110 are transmitted into the first polarizing plate 1103, only
components of the beams 1110 parallel with the polarizing
axis 1107 are transmitted into the first polarizing plate 1103,
and components of the beams 1110 perpendicular to the
polarizing axis 1107 are absorbed by the first polarizing plate
1103. The polarizing direction of beams 1111 advancing
inside the liquid crystals 1104 is maintained. When the beams
1111 are transmitted into the second polarizing plate 1105,
polarized components of the beams 1111 are perpendicular to
the polarizing axis 1106 of the second polarizing plate 1105.
For this reason, all the polarized components of the beams
1111 are reflected by the second polarizing plate 1105 and
again incident to the first polarizing plate 1103. When the
beams 1111 are incident to the first polarizing plate 1103,
polarized components of the beams 1111 are parallel with the
polarizing axis 1107 of the first polarizing plate 1103. For this
reason, the beams 11:11 become beams 1112 which are trans-
mitted into the first polarizing plate 1103 without absorption.
The transmitted beams 1112 become beams 1113 which are
incident to the light guide plate 1102, transmitted into the
light guide plate 1102 and then emitted to the front of the
display device 1100.

[0088] Meanwhile, it will be readily understood by those
skilled in the art that a light source according to the first or
second embodiment may be formed on at least one of sides of
a light guide plate.

[0089] According to embodiments disclosed herein, a see-
through display device comprises a transparent optical dis-
play device and a transparent light guide plate having a light
source disposed at one side thereof, so that the display device
can be optically transparent even when it is not operated.
[0090] Further, when itis difficultto clearly observe images
expressed by an image display device due to the low lumi-
nance level, the images can be recognized using the light
source.

[0091] Furthermore, when a light source is operated, back-
ground positioned at the rear of the display device is still
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transmitted to the front of the display device, so that the
display device can be installed in a transparent glass or plastic
window such as a show window or a normal window, and the
display device can be optically transparent regardless of day/
night or activation/non-activation of the display device.
[0092] While the exemplary embodiments have been
shown and described, it will be understood by those skilled in
the art that various changes in form and details may be made
thereto without departing from the spirit and scope of this
disclosure as defined by the appended claims. In addition,
many modifications can be made to adapt a particular situa-
tion or material to the teachings of this disclosure without
departing from the essential scope thereof. Therefore, it is
intended that this disclosure not be limited to the particular
exemplary embodiments disclosed as the best mode contem-
plated for carrying out this disclosure, but that this disclosure
will include all embodiments falling within the scope of the
appended claims.

What is claimed is:

1. A see-through display device comprising:

a liquid crystal plate filled with liquid crystals;

first and second orientation plates respectively positioned

on upper and lower surfaces of the liquid crystal plate,
and controlling an initial alignment state of the liquid
crystals;

first and second conductive plates respectively positioned

on an upper surface of the first orientation plate and a
lower surface of the second orientation plate, and being
filled with a conductive material;

first and second transparent plates respectively positioned

on an upper surface of tile first conductive plate and a
lower surface of the second conductive plate;

first and second polarizing plates respectively positioned

on an upper surface of the first transparent plate and a
lower surface of the second transparent plate; and

a transparent light guide plate spaced apart from a lower

surface of the second polarizing plate, and allowing
beams incident from one side thereof to be totally
reflected and emitted upward.

2. A see-through display device comprising:

a liquid crystal plate filled with liquid crystals;

first and second orientation plates respectively positioned

on upper and lower surfaces of the liquid crystal plate,
and controlling an initial alignment state of the liquid
crystals;

first and second conductive plates respectively positioned

on an upper surface of the first orientation plate and a
lower surface of the second orientation plate, and being
filled with a conductive material;

first and second transparent plates respectively positioned

on an upper surface of the first conductive plate and a
lower surface of the second conductive plate;

first and second polarizing plates respectively positioned

on an upper surface of the first transparent plate and a
lower surface of the second transparent plate; and

a transparent light guide plate spaced apart from an upper

surface of the first polarizing plate, and allowing beams
incident from one side thereof'to be totally reflected and
emitted downward.

3. The see-through display device according to claim 1,
wherein the polarizing axis of the first polarizing plate is
formed perpendicular to that of the second polarizing plate.

4. The see-through display device according to claim 1 or
2, wherein the first and second polarizing plates are dichroic
polarizing plates including iodine or pigmentation-oriented
polyvinyl alcohol.
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5. The see-through display device according to claim 1 or
2, wherein the first and second transparent plates are made of
glass or plastic.

6. The see-through display device according to claim 1 or
2, wherein the liquid crystal plate is a twisted nematic (TN)
type display in which liquid crystal molecules are twisted by
about 80 to 90 degrees, or a film compensated super twisted
nematic (FSTN) type display in which liquid crystal mol-
ecules are twisted by about 180 to 270 degrees and an optical
compensation film is added to the film compensated super
twisted nematic (FSTN).

7. The see-through display device according to claim 1 or
2, wherein each of the first and second conductive plates
comprises a thin addressable electrode matrix.

8. The see-through display device according to claim 1,
wherein the light guide plate comprises a light path changing
means allowing beams incident from the side of the light
guide plate to be refracted and advanced toward the second
polarizing plate.

9. The see-through display device according to claim 8,
wherein the light path changing means comprises a plurality
of patterns formed on an upper or lower surface of the light
guide plate so that beams are refracted and then emitted
toward the second polarizing plate

10. The see-through display device according to claim 9,
wherein the plurality of patterns are sparsely spaced apart
from one another to minimize refraction of beams which are
incident to the lower surface of the light guide plate, trans-
mitted into the light guide plate and then emitted to the upper
surface of the light guide plate.

11. The see-through display device according to claim 1 or
2 wherein the light guide plate is formed of a transparent
optical material including at least one of polymethyl meth-
acrylate (PMMA), polycarbonate (PC) and polydimethylsi-
loxane (PDMS).

12. The see-through display device according to claim 1 or
2 further comprising a light source positioned at one side of
the transparent light guide, wherein the light source is a
combination of a cold cathode fluorescent lamp (CCFL) and
a reflective body, or a light emitting diode (LED).

13. The see-through display device according to claim 2,
wherein the polarizing axis of the first polarizing plate is
formed parallel with the polarizing axis of the second polar-
izing plate.

14. The see-through display device according to claim 2,
wherein the second polarizing plate allows beams having a
polarizing state perpendicular to a stretch direction thereof to
be transmitted and allows beams having a polarizing state
parallel with the stretch direction thereof to be reflected.

15. The see-through display device according to claim 2,
wherein the light guide plate comprises a light path changing
means allowing beams incident from the side of the light
guide plate to be refracted and advanced toward the first
polarizing plate.

16. The see-through display device according to claim 9,
wherein the plurality of patterns are sparsely spaced apart
from one another to minimize refraction of beams which are
incident to the upper surface of the light guide plate, trans-
mitted into the light guide plate and then emitted to the lower
surface of the light guide plate.
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