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7) ABSTRACT

A surface light source device includes a light guide plate
which guides light upward and downward, a light quantity
adjustment unit which is provided on at least one of top and
bottom surfaces of the light guide plate and adjusts the
quantity of light above the light guide plate to be different
from that below the light guide plate, an emitting device
which is provided to at least one side of the light guide plate,

(22) Filed: May 30, 2003 and diffusion plates which are respectively installed at the
top and bottom surfaces of the light guide plate. By adjusting
(30) Foreign Application Priority Data the quantities of light radiated above and below the light
guide plate, the brightness of an image can be easily
May 31, 2002 (KR) ..occorveerirerveccrrceriorrecncans 2002-30619 adjusted.
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SURFACE LIGHT SOURCE DEVICE AND LIQUID
CRYSTAL DISPLAY ASSEMBLY USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application Nos. 2002-30619 filed on May 31, 2002
and 2003-1809 filed on Jan. 11, 2003, the disclosures of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) assembly using a surface light source device,
and more particularly, to an LCD assembly using a surface
light source device which can radiate light at two LCD
devices at different luminances.

[0004]

[0005] Generally, surface light source devices are used as
light sources for light receiving devices. Such light source
devices for LCD devices are disclosed in Japanese Patent
Publication No. 60-216435 and Korean Patent Publication
Nos. 1995-1922, 1996-15030, 1996-24562, and 1994-
15029.

[0006] For example, a conventional surface light source
device includes a light guide plate, a reflection plate fixed on
a bottom of the light guide plate, a diffusion plate formed on
the light guide plate, and an emitting device, which is
implemented by a fluorescent lamp or a light emitting diode
(LED), that is fixed on at least one side of the light guide
plate. In such a surface light source device, the light guide
plate has a structure that scatters and diffuses light on one
side of a transparent acryl resin.

[0007] Other types of light guide plates include blasting
etching types, enplus types, optical insertion (OPI) types,
double-sided prism types, and hologram pattern types. Such
light guide plates are made by forming scratches on an acryl
substrate, in a predetermined pattern, so as to emit light only
from one side of the substrate.

[0008] Since conventional surface light source devices
emit light only from one side, where a stack of two LCD
devices is used as in dual type cellular phones, as shown in
FIG. 1, surface light source devices 13 and 14 must be
installed for LCD devices 11 and 12, respectively. Accord-
ingly, the thickness of the products increases, and thus it is
difficult to manufacture thin and light products.

[0009] To overcome the above problem, Korean Patent
Publication No. 2002-39273 discloses surface light source
devices that emit light from both sides thereof. However,
such surface light source devices have a problem in that the
quantity of light emitted upward cannot be adjusted to be
similar to the quantity of light emitted downward. Since the
quantity of light emitted upward cannot be actively con-
trolled so as to be different from light emitted downward, an
after image of one LCD device smaller than the other LCD
device appears on an image of the larger LCD device.
Moreover, such conventional surface light source devices
have low luminance, and thus there is a limit in increasing
the luminance of an image formed by LCD devices.

1. Field of the Invention

2. Description of the Related Art
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SUMMARY OF THE INVENTION

[0010] Accordingly, it is an aspect of the present invention
to provide a surface light source device for a liquid crystal
display (LCD) assembly having LCD devices, which uni-
formly radiates light upward and downward from a light
guide plate at different luminances.

[0011] Another aspect of the present invention is to pro-
vide a surface light source device for an LCD assembly,
which increases the luminance of light radiated from an
emitting device using the resonance effect of the light.

[0012] Yet another aspect of the present invention is to
provide a light and thin LCD assembly, in which light can
be radiated at two stacked LCD devices.

[0013] Additional aspects and advantages of the invention
will be set forth in part in the description which follows and,
in part, will be obvious from the description, or may be
learned by practice of the invention.

[0014] To achieve the above and/or other aspects of the
present invention, there is provided a surface light source
device comprising a light guide plate which guides light
upward and downward, a light quantity adjustment unit
which is provided on at least one of top and bottom surfaces
of the light guide plate and adjusts a quantity of the light
above the light guide plate to be different between from
below the light guide plate, an emitting device which is
installed to at least one side of the light guide plate, and
diffusion plates which are respectively installed at the top
and bottom surfaces of the light guide plate.

[0015] The light quantity adjustment unit may comprise a
corrosive surface which is formed by corroding at least one
of the top and bottom surfaces of the light guide plate so as
to adjust a transmittance of the light or comprise a light
transmitting sheet having a different transmittance from that
of the light guide plate.

[0016] Aradiation area above the light guide plate may be
different from a radiation area below the light guide plate.

[0017] The surface light source device may further com-
prise a brightness enhancement film which is attached to at
least one of the top and bottom surfaces of the light guide
plate and resonates the light emitted from the emitting
device 5o as to increase a brightness of the light.

[0018] To achieve the above and/or other aspects the
present invention, there is provided another surface light
source device comprising a light guide plate which guides
light upward and downward, and a brightness enhancement
film which is provided on at least one of top and bottom
surfaces of the light guide plate and resonates the light so as
to increase a brightness of the light.

[0019] The surface light source device may further com-
prise diffusion plates which are respectively provided on top
and bottom surfaces of the brightness enhancement film so
as to diffuse the light.

[0020] The brightness enhancement film may comprise a
resonance layer and diffusion layers respectively attached to
top and bottom surfaces of the resonance layer.

[0021] To achieve the above and/or other aspects of the
present invention, there is provided an LCD assembly com-
prising first and second LCD devices which are stacked with
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respect to each other, a light guide plate which is disposed
between the first and second LCD devices and guides light
upward and downward, a light quantity adjustment unit
which is provided on at least one of top and bottom surfaces
of the light guide plate and adjusts a quantity of the light
above the light guide plate to be different from below the
light guide plate, an emitting device which is installed to at
least one side of the light guide plate, and diffusion plates
which are respectively installed at the top and bottom
surfaces of the light guide plate.

[0022] The LCD assembly may further comprise a light
blocking device which restricts the light radiated to one of
the first and second LCD devices to an area corresponding
to the one of the first and second LCD devices.

[0023] To achieve the above and/or other aspects of the
present invention, there is provided another LCD assembly
comprising first and second LCD devices which are stacked
with respect to each other, a light guide plate which is
disposed between the first and second LCD devices and
guides light upward and downward an emitting device
which is installed to one side of the light guide plate, and a
brightness enhancement film which is attached to at least
one of top and bottom surfaces of the light guide plate and
resonates the light emitted from the emitting device so as to
increase a brightness of the light. The LCD assembly may
further comprise a light quantity adjustment unit which is
provided on at least one of the top and bottom surfaces of the
light guide plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other aspects and advantages of the
present invention will become more apparent and more
readily appreciated from the following description of the
embodiments taken in conjunction with the accompanying
drawings of which:

[0025] FIG. 1 is a cross-sectional view of a conventional
liquid crystal display (LCD) assembly;

[0026] FIG. 2 is a cross-sectional view of an LCD assem-
bly according to an embodiment of the present invention,

[0027] FIG. 3 is an exploded perspective view of the LCD
assembly shown in FIG. 2;

[0028] FIG. 4 is a partial perspective view of a light guide
plate shown in FIG. 2;

[0029] FIG. 5 is a cross-sectional view of a surface light
source device according to another embodiment of the
present invention,

[0030] FIG. 6 s an enlarged view of a brightness enhance-
ment film shown in FIG. 5;

[0031] FIG. 7 is a diagram illustrating the operation of the
brightness enhancement film shown in FIG. 5; and

[0032] FIG. 8 is a comparison graph showing luminances
of surface light source devices having a brightness enhance-
ment film according to the present invention and of a
conventional surface light source device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] Reference will now be made in detail to the present
preferred embodiments of the present invention, examples
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of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements
throughout. The embodiments are described below in order
to explain the present invention by referring to the figures.

[0034] FIG. 2 shows a surface light source device and a
liquid crystal display (LCD) assembly using the same,
according to an embodiment of the present invention. Refer-
ring to FIG. 2, the LCD assembly 20 includes first and
second LCD devices 21 and 22, a surface light source device
30 which is disposed between the first and second LCD
devices 21 and 22 and serves as a rear light source, a circuit
board 40 which drives the first and second LCD devices 21
and 22 and the surface light source device 30, and a case 23
which combines and fixes the surface light source device 30,
the first and second LCD devices 21 and 22, and the circuit
board 40.

[0035] Substrates (not shown), on which a driving elec-
trode pattern or a thin film transistor (TFT) pattern is
formed, are respectively joined to the first and second LCD
devices 21 and 22 such that the substrates face each other,
thereby forming a liquid crystal injection space into which
a liquid crystal, such as TN or STN, is injected. Effective
screens having the same or different standards may be
respectively formed in the first and second LCD devices 21
and 22. For example, in the case of a dual type cellular
phone, an LCD device exposed to the outside may be larger
than that positioned inside the cellular phone.

[0036] Asshown in FIG. 3, the surface light source device
30 serves as a light source device for the first and second
LCD devices 21 and 22. The surface light source device 30
includes a light guide plate 31 which is made of, for
example, a transparent acryl, a light quantity adjustment unit
100 which is provided on at least one of the bottom and top
surfaces of the light guide plate 31 and adjusts the quantity
of light passing therethrough, diffusion plates 32 and 33
which are respectively installed at the bottom and top
surfaces of the light guide plate 31 and diffuse the light
passing through the light quantity adjustment unit 100, and
an emitting device 34 which is installed in at least one side
of the light guide plate 31 to emit the light. A fluorescent
lamp or light emitting diode (LED) lamp may be used as the
emitting device 34, but the present invention is not restricted
thereto.

[0037] The light quantity adjustment unit 100 which
adjusts the quantity of light, i.e., luminance, includes light
transmitting sheets 101 and 101' having predetermined
transmittances. The light transmitting sheets 101 and 101',
which are respectively attached to the top and bottom
surfaces of the light guide plate 31, may have different
transmittances. In another embodiment of the light quantity
adjustment unit 100, as shown in FIG. 4, the light quantity
adjustment unit 100 may be implemented by a corrosive
surface 102 formed on at least one of the top and bottom
surfaces of the light guide plate 31. Where corrosive sur-
faces are formed on both the top and bottom surface of the
light guide plate 31, they may have different transmittances.

[0038] FIG. 5 shows a surface light source device accord-
ing to another embodiment of the present invention. Refer-
ring to FIG. 5, the surface light source device 50 includes a
lamp 51 which emits light, a light guide plate 52 which seats
the lamp 51 at its side or bottom surface and transmits the
light emitted from the lamp 51, and a brightness enhance-
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ment film 60 which is installed to at least one of the top and
bottom surfaces of the light guide plate 52 and provokes the
light emitted from the lamp 51 to resonate so as to increase
a brightness thereof. As shown in FIG. 6, the brightness
enhancement film 60 includes a resonance layer 61 and
diffusion layers 62 positioned on top and bottom surfaces of
the resonance layer 61. The diffusion layers 62 may be
bonded to the resonance layer 61 using an adhesive 63. A
Vikuiti brightness enhancement film (BEF) or a dual bright-
ness enhancement film (DBEF) manufactured by 3M Cor-
poration may be used as the brightness enhancement film 60.

[0039] In this embodiment, the light quantity adjustment
unit 100 may be further provided with respect to the top or
bottom surface of the light guide plate 52. The light quantity
adjustment unit 100 has been described in detail with
reference to FIGS. 3 and 4, and thus a description thereof
will be omitted to avoid repetition. The light quantity
adjustment unit 100 may be integrally formed with the
brightness enhancement film 60. In other words, the quantity
of light can be adjusted by adjusting the transmittance of the
diffusion layers 62 of the brightness enhancement film 60.

[0040] Referring back to FIG. 3, the circuit board 40 may
be installed at the bottom surface of the light guide plate 31
or at the case 23. The circuit board 40 may serve as a light
blocking device which partially blocks the light emitted
from the surface light source device 30. For example, where
the second LCD device 22 has an effective screen size that
is smaller than that of the first LCD device 21, the circuit
board 40 allows the light to be radiated only to an area
corresponding to the second LCD device 22. More specifi-
cally, a via-hole 41 is formed in the circuit board 40 to
correspond to the second LCD device 22. The first and
second LCD devices 21 and 22 are joined to the surface light
source device 30 using a double side tape 42 shown in FIG.
1, but the present invention is not restricted thereto.

[0041] In a surface light source device and an LCD
assembly using the same, according to the present invention,
light emitted from the emitting device 34 provided at one
side of the light guide plate 31 is transmitted through the
light guide plate 31 and radiated to both upward and
downward.

[0042] Since the brightness enhancement films 60 or the
light transmitting sheets 101 and 101' having different
transmittances are installed on the top and bottom surface of
the light guide plate 31 or 50, the brightness of the light
emitted from the emitting device 34 or the lamp 51 can be
increased, and the light can be radiated above and below the
light guide plate 31 or 52 at different luminances. In other
words, the quantities of light emitted from the emitting
device 34 or the lamp 51 and then transmitted upward and
downward through the light guide plate 31 or 52 are equal
to one another, but the quantities of light having passed
through the light transmitting sheets 101 and 101' or the
corrosive surfaces 102 are different from one another above
and below the light guide plate 31 or 52, so that the
luminance of the first LCD device 21 is different from that
of the second LCD device 22. In addition, as shown in FIG.
7, where light transmitted through the light guide plate 52 is
not optically coaxial with a polarizing film of an LCD
apparatus, the light does not pass through the brightness
enhancement film 60, but resonates between the light guide
plate 52 and the brightness enhancement film 60, and is then
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output through the brightness enhancement film 60 with
enhanced brightness where its optical axis coincides with
that of the polarizing film of the LCD apparatus. Conse-
quently, the brightness of an image can be increased.

[0043] After being emitted from the emitting device 34 or
the lamp 51 and then enhanced or quantitatively adjusted by
the brightness enhancement film 60 or the light quantity
adjustment unit 100, the light is diffused by the diffusion
plates 32 and 33 and then radiated to the first and second
LCD devices 21 and 22.

[0044] Forexample, light can be radiated above and below
the light guide plate 31 or 52 at different luminances, the
luminance of external and internal LCD devices in a dual
type cellular phone can be adjusted. In addition, the bright-
ness of the light can be increased in the present invention. As
shown in FIG. 8, the brightness of the light of a surface light
source device of the present invention is more than 50%
higher than that of a conventional surface light source
device.

[0045] As described above, the present invention provides
a surface light source device which is provided between first
and second LCD devices and radiates light at the first and
second LCD devices in different quantities. Accordingly, the
brightness of an image can be adjusted depending on the
installation conditions of the first and second LCD devices.
In addition, the present invention provides brightness
enhancement films on top and bottom surfaces of a light
guide plate so as to increase the brightness of light emitted
from a surface light source device thereof. Therefore, the
brightness of an image formed by an LCD device using the
same can be increased. Since the brightness of the surface
light source device is high, an afterimage of an LCD device
installed at one of the top and bottom surfaces of the surface
light source device is prevented from being projected onto
another LCD device installed at the other surface.

[0046] Although a few preferred embodiments of the
present invention have been shown and described, it would
be appreciated by those skilled in the art that changes may
be made in this embodiment without departing from the
principles and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

What is claimed is:
1. A surface light source device comprising:

a light guide plate which guides light upward and down-
ward;

a light quantity adjustment unit which is provided on at
least one of top and bottom surfaces of the light guide
plate and adjusts a quantity of the light above the light
guide plate to be different from below the light guide
plate;

an emitting device which is installed to at least one side
of the light guide plate; and

diffusion plates which are respectively installed at the top

and bottom surfaces of the light guide plate.

2. The surface light source device of claim 1, wherein the
light quantity adjustment unit comprises a corrosive surface
which is formed by corroding at least one of the top and
bottom surfaces of the light guide plate so as to adjust a
transmittance of the light.
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3. The surface light source device of claim 1, wherein the
light quantity adjustment unit comprises a light transmitting
sheet having a different transmittance from that of the light
guide plate.

4. The surface light source device of claim 1, further
comprising a brightness enhancement film which is attached
to at least one of the top and bottom surfaces of the light
guide plate and resonates the light emitted from the emitting
device so as to increase a brightness of the light.

5. The surface light source device of claim 4, wherein the
brightness enhancement film comprises a resonance layer
and diffusion layers respectively attached to top and bottom
surfaces of the resonance layer.

6. The surface light source device of claim 1 further
comprising a light blocking device which is installed to at
least one of the top and bottom surfaces of the light guide
plate having the diffusion plates so as to have a radiation
area above the light guide plate be different from that below
the light guide plate.

7. A surface light source device comprising:

a light guide plate which guides light upward and down-
ward; and

a brightness enhancement film which is provided on at
least one of top and bottom surfaces of the light guide
plate and resonates the light so as to increase a bright-
ness of the light.

8. The surface light source device of claim 7, wherein the
brightness enhancement film comprises a resonance layer
and diffusion layers respectively attached to top and bottom
surfaces of the resonance layer.

9. A liquid crystal display (LCD) assembly comprising:

first and second LCD devices which are stacked with
respect to each other;

a light guide plate which is disposed between the first and
second LCD devices and guides light upward and
downward;

a light quantity adjustment unit which is provided on at
least one of top and bottom surfaces of the light guide
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plate and adjusts a quantity of the light above the light
guide plate to be different from below the light guide
plate;

an emitting device which is installed to at least one side
of the light guide plate; and

diffusion plates which are respectively installed at the top

and bottom surfaces of the light guide plate.

10. The LCD assembly of claim 9, further comprising a
light blocking device which restricts the light radiated to one
of the first and second LCD devices to an area corresponding
to the one of the first and second LCD devices.

11. The LCD assembly of claim 10, wherein the light
blocking device comprises a circuit board.

12. The LCD assembly of claim 9, further comprising a
brightness enhancement film which is attached to at least
one of the top and bottom surfaces of the light guide plate
and resonates the light emitted from the emitting device so
as to increase a brightness of the light.

13. A liquid crystal display (LCD) assembly comprising:

first and second LCD devices which are stacked with
respect to each other;

a light guide plate which is disposed between the first and
second LCD devices and guides light upward and
downward;

an emitting device which is installed to one side of the
light guide plate; and

a brightness enhancement film which is attached to at
least one of top and bottom surfaces of the light guide
plate and resonates the light emitted from the emitting
device so as to increase a brightness of the light.

14. The LCD assembly of claim 13, further comprising a
light quantity adjustment unit which is provided on at least
one of the top and bottom surfaces of the light guide plate
and adjusts a quantity of the light above the light guide plate
to be different from below the light guide plate.

I . T
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