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guiding light from the light source, having an emitting sur-
face, a front surface and a bottom surface, the emitting surface
adjacent to the light source; a reflector arranged under the
bottom surface of the light wave guide plate, reflecting light;
and at least one cholesteric liquid crystal (CLC) film arranged
over the front surface of the light wave guide plate, collimat-
ing light.
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BACKLIGHT DEVICE FOR LIQUID
CRYSTAL DISPLAY

CROSS REFERENCE

[0001] This application is a divisional application of
copending application Ser. No. 10/986,229 filed Nov. 12,
2004 which was a continuation of application Ser. No.
09/657,506 filed on Sep. 8, 2000, now U.S. Pat. No. 6,822,
710B1 issued Nov. 23, 2004, which claimed the benefit of
Korean Patent Application No. 1999-38155, filed on Sep. 8,
1999, under 35 U.S.C. §119, the entirety of each being hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight device,
and more particularly, to a backlight device for use in a liquid
crystal display (LCD) device.

[0004] 2. Description of Related Art

[0005] FIG. 1 shows a conventional backlight device for
use in an LCD device. As shown in FIG. 1, the conventional
backlight device 100 includes a light source 10, a U-shaped
lamp holder 15 having a lamp reflector 16, a light waveguide
plate 40, a reflector 50, and a prism sheet 20. The light source
10 is located adjacent to an end 40a of the light waveguide
plate 40, and most of the light source 10 is surrounded by the
lamp holder 15. The end 40a constitutes a surface through
which the incident light from the light source 10 is emitted.
The prism sheet 20 is arranged on a front surface 405 of the
light wave guide plate 40, and the reflector 50 is located under
a bottom surface 40c¢ of the light wave guide plate 40.
[0006] Theemitted light from the light source 10 is directed
toward the surface 40a of the light waveguide plate 40 by the
lamp reflector 16 and is then directed either toward a prism
sheet 20 or a reflector 50. The light reflected by the reflector
50 is emitted toward the observer through a prism sheet 20,
and a liquid crystal panel (not shown) in the form of an
information.

[0007] FIG. 2 is a graph illustrating brightness with respect
to an angle of light passing through the prism sheet. As shown
in FIG. 2, brightness distribution is discursive. In other words,
light passing through the prism sheet 20 is not well colli-
mated. As a result, light collimating efficiency is bad, and
collimating loss takes place at portions “A”. In addition, in the
conventional backlight device of such a structure, it is not
easy to narrow an angle of light passing through the prism
sheet to a desirable angle range (for example, from -40
degrees to +40 degrees).

[0008] For the foregoing reasons, there is a need for a
backlight device having a high light collimating efficiency.

SUMMARY OF THE INVENTION

[0009] To overcome the problem described above, pre-
ferred embodiments of the present invention provide a back-
light device having a high light collimating efficiency.

[0010] In order to achieve the above object, a preferred
embodiment of the present invention provides a backlight
device for a liquid crystal display device, including: a light
source providing light; a light waveguide plate guiding light
from the light source, having an emitting surface, a front
surface and a bottom surface, the emitting surface being adja-
cent to the light source; a reflector arranged under the bottom
surface of the light wave guide plate, reflecting light; and at
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least one cholesteric liquid crystal (CLC) film arranged over
the front surface of the light wave guide plate, collimating
light.

[0011] The CLC film has a one-layered structure of one of
either aright or a left handed CLC layer, wherein the right and
left-handed CLC layer selectively reflect right and left-
handed circularly polarized light, respectively. The CLC film
may also have a dual-layered structure of a right and a left-
handed CLC layer, wherein the right and left-handed CLC
layer selectively reflect right and left-handed circularly polar-
ized light, respectively. The backlight device further includes
a prism sheet arranged between the CLC film and the front
surface of the light wave guide plate.

[0012] By using thebacklight device according to preferred
embodiments of the present invention, light collimating effi-
ciency and brightness can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which like reference numerals
denote like parts, and in which:

[0014] FIG. 1 shows a conventional backlight device for
use in a LCD device;

[0015] FIG. 2 is a graph illustrating brightness with respect
to an angle of light passing through a prism sheet;

[0016] FIG. 3 is a cross-sectional view illustrating a back-
light device according to a preferred embodiment of the
present invention;

[0017] FIG. 4 shows a principle that the CLC film 30 col-
limates light according to a preferred embodiment of the
present invention;

[0018] FIG. SA is a graph illustrating a reflectance with
respect to a wavelength of light vertically incident on a cho-
lesteric liquid crystal (CLC) film according to a preferred
embodiment of the present invention;

[0019] FIG. 5B is a graph illustrating a reflectance with
respect to a wavelength of light non-vertically incident on the
CLC film;

[0020] FIG. 6 is a graph illustrating brightness with respect
to an angle of light passing through the CLC film;

[0021] FIGS. 7, 8 and 9 are cross-sectional views illustrat-
ing modifications of the backlight device according to a pre-
ferred embodiment of the present invention;

[0022] FIG. 10 is a graph illustrating brightness with
respect to a wavelength of spectrum; and

[0023] FIG. 11 is a cross sectional view illustrating another
modification of the backlight device according to a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Reference will now be made in detail to preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0025] FIG. 3 is a cross-sectional view illustrating a back-
light device according to a preferred embodiment of the
present invention. As shown in FIG. 3, the backlight device
includes a light source 10, a U-shaped lamp holder 15 having
a lamp reflector 16, a light waveguide plate 40, a reflector 50,
and a cholesteric liquid crystal (CLC) film 30. The light
source 10 is located adjacent to an end 40a of the light
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waveguide plate 40, and most parts of the light source 10 are
surrounded by the lamp holder 15. The end 40a constitutes a
surface through which the incident light from the light source
10 is emitted. The CLC film 30 is arranged on a front surface
405 of the light wave guide plate 40, and the reflector 50 is
located under a bottom surface 40¢ of the light wave guide
plate 40.

[0026] The CLC film 30 serves to collimate light emitting
from the light source 10 and preferably has a dual-layered
structure of right-handed and left-handed CL.C layers 30a and
3054. Since direction vector of the liquid crystal is helical in
cholesteric state, the CLC film 30 reflects only light that is the
same in helical director and satisfies Bragg reflection condi-
tion. In other words, the right-handed CLC layer 30a reflects
only a right-handed circularly polarized light, and the left-
handed CLC layer 305 reflects only a left-handed circularly
polarized light. Using this principle, lost light can be restored,
thereby improving the light collimating efficiency and bright-
ness. The CLC film 30 may have a one-layered structure of
either the right or the left-handed CLC layer. However, since
light has a right-handed circularly polarized light and a left-
handed circularly polarized light, it is preferable that the CLC
film 30 has a dual-layered structure of the right and the left-
handed CLC layers 30a and 304.

[0027] FIG. 4 shows a principle by which the CLC film 30
collimates light. As shown in FIG. 3, a left-handed circularly
polarized light R1 incident within a certain angle, which has
a wavelength less than 780 nm, passes through the left-
handed CLC layer 305, and a left-handed polarized light R2
incident out of a certain angle, which has a wavelength less
than 780 nm, is reflected. The left-handed polarized light R2
incident out of a certain angle is reflected again by the light
wave guide plate 40 or a reflector (not shown) and directs
toward the left-handed CLC layer 305. it is repeated until the
left-handed polarized light R2 incident out of a certain angle
becomes light incident within a certain angle to pass through
the CLC layer 304.

[0028] FIG. 5A is a graph illustrating a reflectance with
respect to a wavelength of light vertically incident on the CLC
film. “R” denotes a reflectance, and “A,” denotes a wave-
length of vertically incident light. The CLC film 30 also
serves to transmit only light of a certain wavelength by con-
trolling a helical pitch. The wavelength of light vertically
incident on the CLC film 30 can be obtained by the following
formula: A =P(n,+n,)/2. In the formula, “A,” is a wave length
of vertically incident light, “P” is a helical pitch, “n,” is an
ordinary refractive index, and “n,” is an extraordinary refrac-
tive index. Therefore, by controlling a helical pitch of the
CLC film 30, an ideal visible ray having a wavelength of from
380 nm to 780 nm can be transmitted, as shown in FIG. 4. By
controlling a helical pitch of the CLC film 30, it is also
possible for the CLC film 30 to transmit a wavelength of
vertically incident light less than 780 nm in light of a prism
sheet.

[0029] FIG. 5B is a graph illustrating a reflectance with
respect to a wavelength of light obliquely incident on the CLC
film. “R” is a reflectance, and “A,” is a wavelength of
obliquely incident light with a certain angle “a”. A wave-
length of obliquely incident light with a certain angle “o.” can
be obtained by the following formula: “A =\ cos [sin™'{2
sin a/(n,+n,)}]. In order to reflect a visible ray of from 380
nm to 780 nm and transmit a wavelength of light greater than
780 nm, it is preferable that an average refractive index “(n,+
n,)/2” of the CLC film 30 is as small as possible.
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[0030] As described above, the CLC film 30 according to
the preferred embodiment of the present invention selectively
reflects light with a wavelength of more than 780 nm. How-
ever, it is also possible to selectively reflect light with a
wavelength of more than 600 nm by controlling a helical pitch
of the CLC film 30 so that only a wavelength of an ideal
visible ray generated from the backlight device may be trans-
mitted

[0031] FIG. 6 is a graph illustrating brightness with respect
to an angle of light passing through the CLC film 30. As
shown in FIG. 6, by arranging the CLC film 30 having the
right and left-handed CLC layers 30a and 305, brightness
distribution can be concentrated within a range between —40
degree and +40 degree.

[0032] The backlight device according to the preferred
embodiment of the present invention may further include a
prism sheet 20 as shown in FIG. 7.

[0033] The backlight device according to the preferred
embodiment of the present invention may further include a
plurality of the CLC films 30 without or with the prism sheet
20 as shown in FIGS. 8 and 9, respectively.

[0034] Further, one of the right and left-handed CL.C layers
30a and 3056 may be constructed to selectively reflect all the
wavelength range of from 400 nm to 1000 nm, and the other
may be constructed to selectively reflect vertically incident
light with a wavelength of more than 600 nm. As a result,
since only one of the right and the left-handed circularly
polarized lights is transmitted, a light collimating efficiency
and brightness can be improved. Further, it is possible to
include the CLC layer which selectively reflects vertically
incident light with a wavelength of from 480 nm to 530 nm
and selectively reflects vertically incident light with a wave-
length of from 560 nm to 610 nm in the light of spectrum of
the backlight device shown in FIG. 10. Therefore, a color
spot, which may occur when the plurality of CLC films are
arranged so that vertically incident light with a wavelength of
more than 600 nm is transmitted, can be prevented, and the
light collimating efficiency can be improved to as narrow a
range as between —30 degrees and +30 degrees.

[0035] FIG. 11 shows a modified backlight device accord-
ing to another preferred embodiment of the present invention.
As shown in FIG. 11, at least one CLC film 30 may be
arranged on the end 40a of the light wave guide plate 40
adjacent to the light source 15. By doing this, light emitting
from the light source 10 can be collimated. Therefore, when
incident light within a certain angle (a range between about
-30 degree and about +30 degree) is directed into the light
wave guide plate 40, it is easy to design the light wave guide
plate 40 to guide light in a desirable distribution.

[0036] As described above, by using the backlight device
according to preferred embodiments of the present invention,
light collimating efficiency and brightness can be improved.
[0037] Whilethe invention has been particularly shown and
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that the forego-
ing and other changes in form and details may be made
therein without departing from the spirit and scope of the
invention.

1. A back light device for a liquid crystal display device,
comprising;
a light source providing light;
a light waveguide plate guiding light from the light source,
and said light waveguide plate having an emitting sur-
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face, a front surface and a bottom surface, the emitting
surface being adjacent to the light source; and

at least one cholesteric liquid crystal (CLC) film arranged

on the emitting surface of the light waveguide plate,
collimating light, wherein the at least one CLC film
transmits a first circularly polarized vertically incident
visible light and circularly polarized obliquely incident
light having a wavelength greater than about 780 nm and
wherein the at least one CLC film reflects a first circu-
larly polarized obliquely incident visible light, a second
circularly polarized vertically incident visible light and a
second circularly polarized obliquely incident visible
light having a wavelength range from 380 nm to 780 nm
and a circularly polarized vertically incident light hav-
ing a wavelength greater than about 780 nm.

2. The backlight device of claim 1, wherein the length of
said emitting surface is substantially shorter than a length of
the front surface.

3. The backlight device of claim 1, wherein the at least one
CLC film is one of either a right-handed or a left-handed CLC
layer, the right-handed CLC layer selectively reflecting right-
handed circularly polarized light and the left-handed CLC
layer reflecting left-handed circularly polarized light.

4. The back light device of claim 1, wherein the at least one
CLC film is formed by a dual-layered structure, each structure
having both a right-handed and a left-handed CLC layer, the
right-handed and left-handed CLC layers selectively reflect-
ing right-handed and left-handed circularly polarized light,
respectively.

5. The back light device of claim 1, further comprising a
prism sheet arranged between the at least one CLC film and
the front surface of the waveguide plate.

6. A back light device for a liquid crystal display device,
comprising:

a light source providing light;

a light waveguide plate guiding light from the light source,

and said light waveguide plate having an emitting sur-
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face, a front surface and a bottom surface, the emitting
surface being adjacent to the light source;

a reflector arranged under the bottom surface of the light

waveguide plate, reflecting light; and

at least one cholesteric liquid crystal (CLC) film arranged

on the emitting surface of the light waveguide plate
adjacent to the light source, wherein the at least one CLC
film transmits a first circularly polarized visible light
incident within a predetermined angle and a circularly
polarized light of a wavelength greater than about 780
nm incident outside the predetermined angle, and
wherein the at least one CLC film reflects the first cir-
cularly polarized visible light incident outside the pre-
determined angle, a second circularly polarized visible
light incident within the predetermined angle and the
second circularly polarized visible light incident outside
the predetermined angle and having a wavelength range
from 380 nm to 780 nm and the circularly polarized light
of a wavelength greater than about 780 nm incident
within the predetermined angle.

7. The back light device of claim 6, wherein the length of
said emitting surface is substantially shorter than a length of
the front surface.

8. The backlight device of claim 6, wherein the at least one
CLC film is one of either a right-handed or a left-handed CLC
layer, the right-handed CLC layer selectively reflecting right-
handed circularly polarized light and the left-handed CLC
layer reflecting left-handed circularly polarized light.

9. The back light device of claim 6, wherein the at least one
CLC film has a dual-layered structure having both a right-
handed and a left-handed CLC layer, the right-handed and
left-handed CLC layer selectively reflecting right-handed and
left-handed circularly polarized light, respectively.

10. The back light device of claim 6, further comprising a
prism sheet arranged between the at least one CLC film and
the front surface of the light waveguide.
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