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(57) ABSTRACT

A liquid crystal display device for displaying an image by
changing orientation of a liquid crystal layer sealed between
two substrates includes a lower substrate having a micro-
structure which outputs light incident on a side surface of the
lower substrate to an upper surface of the lower substrate, a
light source emitting light to the side surface of the lower
substrate, a selective reflection panel provided on the upper
surface of the lower substrate to reflect light having a
predetermined incident angle or more and transmit the
remaining light, and a reflection panel provided under the
lower substrate.
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FIG. 1 (PRIOR ART)
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FIG. 3
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This is a divisional of application Ser. No. 10/624,
541 filed Jul. 23, 2003. The entire disclosure of the prior
application, application Ser. No. 10/624,541 is hereby incor-
porated by reference. This application claims the priority of
Korean Patent Application No. 2003-2381 filed on Jan. 14,
2003 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

[0002]

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

[0004] 2. Description of the Related Art

[0005] FIG. 1 is a sectional view illustrating a conven-
tional liquid crystal display device. Referring to FIG. 1, a
liquid crystal display device includes a liquid crystal panel
10 and a backlight apparatus 30. The liquid crystal panel 10
is manufactured by sequentially depositing a lower substrate
1, a lower electrode 2, a liquid crystal layer 3, an upper
electrode 4, and an upper substrate 5. Polarization panels 6
and 7 are further provided at a lower surface of the lower
substrate 1 and an upper surface of the upper substrate 5,
respectively. The liquid crystal panel 10 displays a desired
image by changing orientation of liquid crystal molecules in
the liquid crystal layer 3 according to an electric signal
applied to the lower and upper electrodes 2 and 4 so as to
transmit or block light input from the backlight apparatus 30.

[0006] The backlight apparatus 30 is an illumination appa-
ratus for supplying light to the liquid crystal panel 10. The
backlight apparatus 30 includes a light guide panel 12, a
dispersion pattern 18, a reflection panel 11, and a light
source 13. An optical film layer 20 is deposited on an upper
surface of the light guide panel 12. The light emitted from
the light source 13 is incident on a side surface of the light
guide panel 12. The light guide panel 12 is a transmissive
body having a refractive index of about 1.5, in which a
critical angle is about 42°. Thus, of the light incident on the
light guide panel 12, the light having an incident angle less
than a critical angle with respect to the upper surface of the
light guide panel 12 is exhausted through the upper surface
of the light guide panel 12 and the remaining light is totally
reflected and spreads in the entire area of the light guide
panel 12. The dispersion pattern 18 is provided on a lower
surface of the light guide panel 12. The dispersion pattern 18
disperses light and, as shown in FIG. 1, some of the
dispersed light proceeds toward the upper surface of the
light guide panel 12 and the light passing through the
dispersion pattern 18 is reflected by the reflection panel 11
to proceed upward. Of'the light proceeding upward, the light
having an incident angle with respect to the upper surface of
the light guide panel 12 that is less than a critical angle is
transmitted, while the remaining light is totally reflected
again and spreads inside the light guide panel 12. By
repeating transmission, total reflection, and dispersion, the
backlight 30 functions as a surface light source for supplying
light to the liquid crystal panel 10.

1. Field of the Invention

[0007] The light passing through the upper surface of the
light guide panel 12 is incident on the liquid crystal panel 10
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via the optical film layer 20. The optical film layer 20 can
include a diffusion panel 14, prism sheets 15 and 16, and a
protector 17. The diffusion panel 14 makes the strength of
the light exhausted from the upper surface of the light guide
panel 12 uniform by diffusing the light. The prism sheets 15
and 16 improve brightness in a normal direction.

[0008] In the above-described liquid crystal display
device, loss of light is generated as the light emitted from the
light source is absorbed by a plurality of optical media such
as the light guide panel and the optical film while the light
passes through the respective media and arrives at the liquid
crystal panel. Thus, a high power light source is needed to
obtain a desired brightness from the liquid crystal panel.
However, the high power light source normally has a large
size and a great power consumption. Furthermore, since the
thickness of the light guide panel is about 2-3 mm, there is
a limit to making a thin liquid crystal display panel with a
backlight apparatus using the light guide panel.

SUMMARY OF THE INVENTION

[0009] To solve the above and/or other problems, an
apparatus consistent with the present invention provides a
liquid crystal display device in which the number of optical
media between the light source and the liquid crystal panel
is reduced so that a thin, high brightness, and low priced
liquid crystal device is realized.

[0010] According to an aspect of the present invention, a
liquid crystal display device for displaying an image by
changing orientation of a liquid crystal layer sealed between
two substrates comprises a lower substrate having a micro-
structure which outputs light incident on a side surface of the
lower substrate to an upper surface of the lower substrate, a
light source emitting light to the side surface of the lower
substrate, a selective reflection panel provided on the upper
surface of the lower substrate to reflect light having a
predetermined incident angle or greater and transmit the
remaining light, and a reflection panel provided under the
lower substrate.

[0011] The liquid crystal display device further comprises
a polarization panel polarizing light incident on the liquid
crystal layer. The polarization panel is disposed between the
microstructure and the reflection panel. The polarization
panel is disposed above the selective reflection panel.

[0012] The selective reflection panel further includes a
polarization function to polarize light.

[0013] The microstructure is a holographic pattern having
a diffraction grating structure. The holographic pattern is
formed at at least one of a lower surface and the upper
surface of the lower substrate. The interval between gratings
of the holographic pattern is not greater than 2 pum.

[0014] According to another aspect of the present inven-
tion, a liquid crystal display device for displaying an image
by changing orientation of a liquid crystal layer sealed
between two substrates comprises a lower substrate having
a microstructure which outputs light incident on a side
surface of the lower substrate to an upper surface of the
lower substrate, a light source emitting light to the side
surface of the lower substrate, an optical panel provided on
the upper surface of the lower substrate and including a
selective reflection portion to reflect light having a prede-
termined incident angle or greater and transmit the remain-
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ing light, and a total reflection portion reflecting all light, and
a reflection panel provided under the lower substrate.

[0015] The optical panel is formed such that at least one
selective reflection portion and at least one total reflection
portion are located in each pixel.

[0016] The microstructure is selectively formed only at a
position where light is transmitted through the selective
reflection portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above features of the present invention will
become more apparent by describing in detail illustrative,
non-limiting embodiments thereof with reference to the
attached drawings, in which:

[0018] FIG. 1 is a sectional view illustrating a conven-
tional liquid crystal display device;

[0019] FIG. 2 is a sectional view illustrating a liquid
crystal display device according to an illustrative, non-
limiting embodiment of the present invention;

[0020] FIG. 3 is a sectional view illustrating a liquid
crystal display device according to another illustrative, non-
limiting embodiment of the present invention;

[0021] FIG. 4 is a plan view illustrating an optical panel
shown in FIG. 3; and

[0022] FIG. 5 is a sectional view illustrating a liquid
crystal display device according to yet another illustrative,
non-limiting embodiment of the present invention.

[0023] FIG. 6 is a sectional view illustrating a liquid
crystal display device according to still another illustrative,
non-limiting embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE,
NON-LIMITING EMBODIMENTS

[0024] Referring to FIG. 2, a liquid crystal display device
according to an illustrative, non-limiting embodiment of the
present invention comprises an upper substrate 102, an
upper electrode 103, a liquid crystal layer 104, a lower
electrode 105, and a lower substrate 110. Liquid crystal
molecules in the liquid crystal layer 104 are processed such
that liquid crystal therein is oriented by an orientation film
(not shown) in a predetermined direction. The lower sub-
strate 110 and the upper substrate 102 are manufactured of
normal glass into transmissive bodies. The upper electrode
103 and the lower electrode 105 are transparent conductive
films to change the orientation of the liquid crystal layer 104
according to an electric signal applied. A polarization panel
101 may be further provided on the upper substrate 102.

[0025] Alight source 160 is installed near the side surface
112 of the lower substrate 110. The light source 160 may be
a point light source such as an LED (light emitting diode) or
a linear light source such as CCFL (cold cathode fluorescent
lamp). The light source 160 may be installed in a multiple
number. Also, the light source 160 may be installed not only
at one side surface of the lower substrate 110, but also at the
other side surface thereof.

[0026] A microstructure making the light emitted from the
light source 160 and traveling inside the lower substrate 110
proceed upward is provided at the lower substrate 110. The
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microstructure may be a dispersion pattern -or a holographic
pattern having a diffraction grating structure. A holographic
pattern having a grating interval of 2 um or less is preferable
in view of an efficiency in diffraction. In the present exem-
plary embodiment, a holographic pattern 120 having a
grating interval of 0.4 pm and a grating depth of 0.2 pm is
formed as the microstructure. The holographic pattern 120
can be provided on a lower surface 113 (as shown in FIG.
5) and/or an upper surface 114 (as shown in FIG. 6) of the
lower substrate 110.

[0027] A reflection panel 140 is provided under the holo-
graphic pattern 120. The reflection panel 140 reflects upward
the light proceeding downward by being diffracted by the
holographic pattern 120.

[0028] In the liquid crystal display device consistent with
the present invention, the lower substrate 110 functions as a
light guide panel as well. Since, in the conventional liquid
crystal display device, the lower electrode having a refrac-
tive index almost identical to that of the lower substrate is
deposited on the upper surface of the lower substrate, a
critical angle at which a total reflection occurs at a boundary
surface between the lower substrate and the lower electrode
is almost 90°. Thus, since the light input through the side
surface of the lower substrate hardly generates total reflec-
tion at a boundary surface between the lower substrate and
the lower electrode, the lower substrate cannot function as
the light guide panel.

[0029] In the present exemplary embodiment, to use the
lower substrate 110 as a light guide panel, a selective
reflection panel 130 is provided on the upper surface 114 of
the lower substrate 110. The selective reflection panel 130
reflects light having an incident angle A over a predeter-
mined angle of the light incident on the upper surface 114 of
the lower substrate 110 and transmits the remaining light.
For example, for the lower substrate 110 to act as an acrylic
based transparent resin (PMMA) light guide panel having a
critical angle of about 420, the selective reflection panel 130
is formed to reflect light having the incident angle A over 42°
and transmit the light having the incident angle A not greater
than 42°. The range of angles at which the selective reflec-
tion panel 130 transmits light can be appropriately selected
considering brightness and uniformity in brightness of the
liquid crystal display device. Also, since it is preferable that
the light is output from the lower substrate 110 almost
perpendicularly to the upper surface 114, the selective
reflection panel 130 can be formed to transmit only light
having the incident angle A of 30° or less, that is, the light
making an angle over 60° with respect to the upper surface
of the lower substrate 110.

[0030] A polarization panel 150 can be provided between
the holographic pattern 120 and the reflection panel 140. The
polarization direction of the polarization panel 150 may be
the same as or different from that of the polarization panel
101 and is determined by the orientation direction of the
liquid crystal layer 104 and according to whether light is
transmitted or not when current is applied to the electrodes
103 and 105. The light is polarized in a predetermined
direction before being input to the liquid crystal layer 104.
Thus, the polarization panel 150 can be installed above the
selective reflection panel 130.

[0031] In the operation and effect of the liquid crystal
display device having the above structure according to the
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present invention, the light emitted from the light source 160
is incident on the lower substrate 110 through the side
surface 112 of the lower substrate 110. The light proceeding
toward the upper surface 114 in the lower substrate 110
transmits the selective reflection panel 130 and proceeds
upward when the incident angle A of the light is less than a
predetermined angle. The remaining light is reflected and
continues to travel in the lower substrate 110. Accordingly,
the light can reach the entire area of the lower substrate 110
by the selective reflection panel 130, so that it functions as
a light guide panel.

[0032] The light input to the holographic pattern 120 is
diffracted and proceeds toward the reflection panel 140. Part
of the light is reflected so as to travel inside the lower
substrate 110. The light diffracted and transmitting the
holographic pattern 120 is then polarized by the polarization
panel 150. The polarized light is reflected by the reflection
panel 140 and proceeds upward. When the light is input to
the selective reflection panel 130, the light having the
incident angle A which is not less than a predetermined angle
is reflected, while the light having the incident angle A
which 1s less than the predetermined angle transmits the
selective reflection panel 130 and is incident on the liquid
crystal layer 104.

[0033] An electric signal is applied to the lower electrode
105 and the upper electrode 103 to make liquid crystal
molecules in the liquid crystal layer 140 oriented in an
appropriate direction according to an image to be displayed.
The liquid crystal molecules make the light transmit toward
the upper substrate 102 or block the light, according to the
direction of orientation. Accordingly, a desired image is
displayed on the liquid crystal display device.

[0034] Consequently, the lower substrate 110 constitutes a
backlight apparatus with the light source 160, the selective
reflection panel 130, and the microstructure.

[0035] As described above, the liquid crystal display
device according to the present invention does not need a
light guide panel as in the conventional liquid crystal display
device. Thus, a thin liquid crystal display device can be
realized at a relatively low cost. Since an optical medium,
that is, the light guide panel, is omitted in a passage from the
light source to the liquid crystal layer, loss of light can be
reduced so that an efficiency of use of light can be improved.
Also, since various elements functioning as a backlight
apparatus, for example, the selective reflection panel and the
microstructure, are provided with respect to the lower sub-
strate, all steps with respect to the lower substrate can be
performed in a manufacturing process of the liquid crystal
display device.

[0036] Inthe exemplary embodiment shown in FIG. 2, the
polarization panel 150 is separately provided. However, the
selective reflection panel 130 can be formed to function as
a polarization panel. Thus, an additional polarization panel
is not needed.

[0037] FIG. 3 shows the liquid crystal display device
according to another illustrative, non-limiting embodiment
of the present invention. FIG. 4 shows an optical panel 200.

[0038] Referring 1o FIG. 3, the liquid crystal display
device according to another illustrative, non-limiting
embodiment of the present invention has almost the same
structure as that of the previous embodiment. In the present
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embodiment, instead of the selective reflection panel 130, an
optical panel 200 is formed on the upper surface 114 of the
lower substrate 110 to realize a semi-transparent type liquid
crystal display device.

[0039] As shown in FIG. 4, the optical panel 200 includes
a selective reflection portion 210 reflecting light having a
predetermined incident angle or greater and transmitting the
remaining light, and a total reflection portion 220 reflecting
all light, for each pixel P which is obtained by dividing the
upper surface 114 of the lower substrate 110 pixel by pixel.
At least one selective reflection portion 210 and at least one
total reflection portion 220 are formed in one pixel P. For a
color liquid crystal display device, a pixel P is made of three
pixels of R (red), G (green), and B (blue).

[0040] The selective reflection portion 210 acts as the
selective reflection panel 130 of FIG. 2. The total reflection
portion 220 reflects all of the light input through the upper
substrate 102 from the outside and the light emitted from the
light source 160 and proceeding in the lower substrate 110.

[0041] In the operation and effects of the liquid crystal
display device having the above structure according to
another exemplary embodiment of the present invention, the
light emitted from the light source 160 is incident on the
lower substrate 110 through the side surface 112. In the
lower substrate 110, the light is incident on the selective
reflection portion 210, the total reflection portion 220, and
the holographic pattern 120. Part of the light incident on the
holographic pattern 120 is reflected to proceed to other areas
of the lower substrate, while part of the light is diffracted to
proceed toward the reflection panel 140. Here, the light
proceeding toward the reflection panel 140 is polarized as it
passes though the polarization panel 150. The light reflected
by the reflection panel 140 proceeds upward and is incident
on the total reflection portion 220 or the selective reflection
portion 210. Of the selective reflection portion 210, the light
having the incident angle A of over a predetermined angle
and the light incident on the total reflection portion 220 are
reflected and uniformly propagated throughout the overall
areas of the lower substrate 110. The light directly incident
on the optical panel 200 without contacting the holographic
pattern 120 is uniformly propagated inside the lower sub-
strate 110 in the above-described process. Of the light
incident on the selective reflection portion 210, the light
having the incident angle A within a predetermined angle is
transmitted and proceeds upward.

[0042] The light incident from the outside is reflected by
the total reflection portion 220 proceeds toward the liquid
crystal layer 104 or can be incident on the lower substrate
110 through the selective reflection portion 210.

[0043] The above-described liquid crystal display device
having the above structure has the following effects in
addition to the effects obtained by the previous embodiment
shown in FIG. 2.

[0044] The liquid crystal display device according to the
present embodiment can be operated in two modes. That is,
when the liquid crystal display device is used in a bright
space, since an external light can be used, power consump-
tion can be reduced by decreasing the output power of the
light source 160. In a dark space, since the external light
source cannot be used, the light emitted from the light source
160 is used.
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[0045] FIG. 5 is a sectional view illustrating a liquid
crystal display device according to yet another illustrative,
non-limiting embodiment of the present invention. Referring
to FIG. 5, a liquid crystal display device according to the
present illustrative, non-limiting embodiment has a structure
almost similar to that of the liquid crystal display device
shown in FIG. 4, except that the holographic pattern 120 is
not formed throughout the entire lower surface 113 of the
lower substrate 110, but only in an area where the light
diffracted by the holographic pattern 120 can pass through
the selective reflection portion 210.

[0046] When the holographic pattern 120 is formed
throughout the entire surface of the lower surface 113 as
shown in FIG. 4, the light proceeding toward the total
reflection portion 220 of the light proceeding upward by
being diffracted by the holographic pattern 120 is reflected
and propagated in the lower substrate 110 and re-incident on
the holographic pattern 120, and the above process is
repeated. However, when the holographic pattern 120 is
formed only in an area where the light diffracted by the
holographic pattern 120 can pass through the selective
reflection portion 210 as in the present embodiment, the
length of an optical path until the light escapes from the
lower substrate 110 is shortened so that the amount of light
lost by being absorbed by a medium while traveling along
the optical path is decreased. Thus, an efficiency of use of
light is improved. That is, although a light source having the
same output power is used, a brighter liquid crystal display
device can be realized.

[0047] As described above, according to the liquid crystal
display device according to the present invention, the liquid
crystal display device can be made thin by using the lower
substrate as the light guide panel. Also, the cost for manu-
facturing can be decreased and the loss of light can be
reduced. Thus, when the light source having the same output
power is used, a brighter liquid crystal display device can be
realized.

[0048] While this invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims.
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What is claimed is:

1. A liquid crystal display device for displaying an image
by changing orientation of a liquid crystal layer sealed
between two substrates, the device comprising:

a lower substrate having a microstructure which outputs
light incident on a side surface of the lower substrate to
an upper surface of the lower substrate;

a light source emitting light to the side surface of the
lower substrate;

an optical panel provided on the upper surface of the
lower substrate and including a selective reflection
portion to reflect light having a predetermined incident
angle or greater and transmit the remaining light, and a
total reflection portion reflecting all light; and

a reflection panel provided under the lower substrate.

2. The liquid crystal display device as claimed in claim 9,
further comprising a polarization panel polarizing light
incident on the liquid crystal layer.

3. The liquid crystal display device as claimed in claim
10, wherein the polarization panel is disposed between the
microstructure and the reflection panel.

4. The liquid crystal display device as claimed in claim
10, wherein the polarization panel is disposed above the
optical panel.

5. The liquid crystal display device as claimed in claim 9,
wherein the optical panel is formed such that at least one
selective reflection portion and at least one total reflection
portion are located in each pixel.

6. The liquid crystal display device as claimed in claim 9,
wherein the microstructure is selectively formed only at a
position where light is transmitted through the selective
reflection portion.

7. The liquid crystal display device as claimed in claim 9,
wherein the microstructure is a holographic pattern having a
diffraction grating structure.

8. The liquid crystal display device as claimed in claim
15, wherein the holographic pattern is formed at at least one
of a lower surface and the upper surface of the lower
substrate.

9. The liquid crystal display device as claimed in claim
15, wherein the interval between gratings of the holographic
pattern is not greater than 2 um.
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