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(7 ABSTRACT

In a liquid crystal display devices, a reduction in thickness
with high luminance is achieved by laterally arranging two
cold cathode fluorescent tubes in parallel to a main surface
of the light guide plate along one side thereof and, at the
same time, mutual interference in the pull-around disposi-
tion of power supply cables is eliminated. One of the cold
cathode fluorescent tubes has a high-voltage-side electrode
terminal thereof connected with one end of a high-voltage-
side cable and a low-voltage-side electrode terminal thereof
connected with one end of a flat cable. The flat cable has a
midst portion mid-portion thereof bent at 90 degrees, and it
traverses a lamp reflection plate, is further twisted at 90
degrees in the longitudinal direction, is further bent at 90
degrees and is merged with a pull-around path of the
high-voltage-side cables.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates in general to a liquid
crystal display device, and, more particularly, the invention
relates to a liquid crystal display device which includes a
side-edge-type backlight that is capable of producing a high
brightness by use of two or several linear light sources.

[0002] The liquid crystal display device is constituted of a
pixel selection circuit and a liquid crystal panel in which a
liquid crystal layer is interposed between two substrates,
wherein a plurality of color filters are formed on one of the
two substrates. With respect to the liquid crystal panel which
constitutes the liquid crystal display device, various types of
liquid crystal panels have been put into practical use. For
example, an active matrix type liquid crystal display panel
includes one substrate (also referred to as a TFT substrate),
on which thin film transistors (TFT) for pixel selection are
mounted, and another substrate (also referred to as a CF
substrate) on which color filters are formed, the two sub-
strates being laminated to each other. The TFT substrate
includes a pixel region (a display region) which occupies a
major portion of the TFT substrate and a drive circuit region
and other circuit regions, which are arranged outside the
pixel region. Here, although there is a known liquid crystal
display device in which the color filters are arranged on the
TFT substrate side, the following explanation is based on an
example in which the color filters are formed on the above-
mentioned CF substrate.

[0003] On the pixel region of the TFT substrate, usually,
color pixels, each of which is constituted of sub pixels of
three colors (red:R, green:G, blue:B), are arranged in a
matrix array. Each sub pixel is constituted of a thin film
transistor circuit (a pixel circuit). On the other hand, on the
CF substrate, color filters of red:R, green:G, blue:B are
formed, which color filters are usually arranged to face the
respective sub pixels of three colors, which constitute the
pixel region formed on the TFT substrate.

[0004] On the CF substrate, there is a light shielding film
(a black matrix) which enhances the color purity and the
contrast by preventing color mixture between the neighbor-
ing filters on a main surface of the transparent insulation
substrate made of glass and the color filters of respective
colors. Thereafter, a protective film (also referred to as a
leveling film or an overcoat film) is formed on the surface of
the transparent insulation substrate. Here, although an ori-
entation film is directly formed on the protective film in a
so-called IPS-type liquid crystal display device, transparent
electrodes made of ITO or the like are formed on the
protective film in a TN-type liquid crystal display device.

[0005] The liquid crystal display device which uses such
a liquid crystal panel per se has no light emitting function.
That is, on the basis of control performed on the drive circuit
region, an electronic latent image is formed on the pixel
region, and the latent image is visualized using light irradi-
ated from an outside light source. Accordingly, the bright-
ness (the luminance) of the display screen depends on the
brightness (the luminance) of the outside light source.

[0006] With respect to the outside light source, a minia-
turized liquid crystal display device, of the types which is
mounted on an original mobile phone, a personal digital
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assistant or the like, makes use of external ambient light as
an outside light source. However, a light source device (a
backlight device), which is constituted of a light source,
such as a light emitting diode or a cold cathode fluorescent
tube (CFL), is usually mounted on a back surface of the
liquid crystal panel. The backlight is roughly classified into
a side-edge-type backlight and a direct type backlight. With
respect to a liquid crystal display device which is used as a
monitor, such as in a notebook type personal computer, to
satisfy the demand for a reduction in thickness, the side-
edge-type backlight has been widely adopted. The side-
edge-type backlight is configured such that cold cathode
fluorescent tubes, which constitute a linear light source, are
arranged along one side, or two or more sides, of a light
guide plate, which is made of a transparent material, such as
acrylic resin, and light irradiated from the cold cathode
fluorescent tubes is converted into a face light source by the
light guide plate, so that a liquid crystal panel which is
arranged above the light guide plate is illuminated with light
produced from the face light source. In such a liquid crystal
display device which uses a backlight, a general method of
satisfying a demand for high luminance is to increase the
number of the cold cathode fluorescent tubes which consti-
tute the backlight. In many cases, one, two or more cold
cathode fluorescent tubes are arranged on one side of the
light guide plate.

[0007] Fig.9 is a cross-sectional view showing the struc-
ture of part of a conventional liquid crystal display device in
which two cold cathode fluorescent tubes are arranged on
one side of a light guide plate. As seen in FIG. 9, in this
liquid crystal display device, a backlight BL is mounted on
a back surface of a liquid crystal panel PNL. Between the
liquid crystal panel PNL and the backlight BL, there is an
optical compensation sheet OPS, which is formed by stack-
ing prism sheets and light diffusion sheets.

[0008] The liquid crystal panel PNL is formed by lami-
nating two glass substrates SUB1, SUB2, and polarizers
POL1, POL2 are laminated to respective surfaces of the
glass substrates SUB1, SUB2. The backlight BL is consti-
tuted of a light guide plate GLB and two cold cathode
fluorescent tubes CFLL1, CFL2 which are arranged along the
periphery on one side of the light guide plate GLB in a
vertically overlapped manner. On a back surface of the light
guide plate GLB, a reflection sheet RES is mounted. A light
reflection plate RFP is provided in such a manner that the
light reflection plate RFP surrounds the three sides of the
two cold cathode fluorescent tubes CFL1, CFL2 opposite to
the light guide plate GLB.

[0009] The liquid crystal panel PNL, the backlight BL and
the optical compensation sheet OPS are housed in a resin-
molded intermediate casing MCS, and these parts are inte-
grally fixed to each other and are formed into a module by
an upper casing ACS, which covers the liquid crystal panel
PNL side, and a lower casing BCS, which houses a back
surface of the backlight BL. Here, symbols CBH1, CBH2
indicate power supply cables for the cold cathode fluores-
cent tubes CFL1, CFL2 and symbols GC1, GC2 indicate
rubber cushions. In the explanation given hereinafter, the
power supply cable is a part which is generally recognized
as a cable and constitutes a wire which has a circular cross
section, the outer periphery of the conductor of which is
covered with an insulation material. Hereinafter, the power
supply cable will be simply referred to as a cable.
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[0010] FIG. 10A and FIG. 10B are views showing the
rubber bushes which hold both ends of the cold cathode
fluorescent tube and the pull-around arrangement of the
power supply cable employed in this example, wherein FIG.
10A is a plan view in which the light guide plate is removed
from the liquid crystal panel side in FIG. 9, and FIG. 10B
is a side view as seen in the direction of an arrow G in FIG.
10A. Here, the cold cathode fluorescent tubes are not
explicitly illustrated in the drawing, since illustration of the
cold cathode fluorescent tubes makes the drawing compli-
cated. Both ends of two cold cathode fluorescent tubes,
which are accommodated in the inside of the light reflection
plate RFP, are held in a given positional relationship by the
rubber bushes GB1, GB2. On the end peripheries of the
respective rubber bushes GB1, GB2, projections KB1, KB2
are formed which allow the rubber bushes GB1, GB2 to
engage with the intermediate casing MCS or the like.
Further, the respective cold cathode fluorescent tubes are
provided with high-voltage-side cables CBH1, CBH2,
which are connected with a high-voltage-side electrode
terminal thereof, and low-voltage-side cables CBL1, CBL2,
which are connected with low-voltage-side electrode termi-
nal thereof.

[0011] FIG. 11A and FIG. 11B, which are similar to FIG.
10A and FIG. 10B, show how the high-voltage-side cable
and the low-voltage-side cable of the cold cathode fluores-
cent tube are pulled around, in a state in which the rubber
bushes shown in FIG. 10A and FIG. 10B are removed. FIG.
11a is a plan view, and FIG. 11B is a side view as scen in
the direction of an arrow H in FIG. 11A. As seen in FIG.
11B, one end of the high-voltage-side cable CBH1 is con-
nected to a high-voltage-side electrode terminal ELH1 of the
cold cathode fluorescent tube CFL1, while one end of the
low-voltage-side cable CBL1 is connected to a low-voltage-
side electrode terminal ELL1 of the cold cathode fluorescent
tube CFL1. Further, one end of the high-voltage-side cable
CBH2 is connected to a high-voltage-side electrode terminal
ELH2 of the cold cathode fluorescent tube CFL2, while one
end of the low-voltage-side cable CBL2 is connected to a
low-voltage-side electrode terminal ELL2 of the cold cath-
ode fluorescent tube CFL2.

[0012] The high-voltage-side cables CBH1, CBH2 and the
low-voltage-side cables CBL1, CBL2 are pulled around
between a back surface of the lamp reflection plate RFP (a
side opposite to the light guide plate with respect to the cold
cathode fluorescent tubes) and an inner wall of the lower
casing BCS in such a way that the high-voltage-side cables
and the low-voltage-side cables have an equal length out-
side, and, thereafter, the high-voltage-side cables and the
low-voltage-side cables are pulled out to the outside from
the intermediate casing MCS.

[0013] Examples of the side-edge-type backlight which is
provided with two or three cold cathode fluorescent tubes
are described in the below-listed patent literatures 1 to 5. The
patent literature 1 discloses a structure in which thermal
interference of the electrode portion is avoided by longitu-
dinally displacing two cold cathode fluorescent tubes having
the same length. The patent literature 2 discloses a liquid
crystal display device in which two or three cold cathode
fluorescent tubes having the same diameter or different
diameters are arranged in such a way that the cold cathode
fluorescent tubes are stacked laterally, longitudinally, or
longitudinally as well as laterally, on the side periphery of
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the light guide plate. Further, the patent literature 3 discloses
astructure in which U-shaped cold cathode fluorescent tubes
are arranged in an inclined manner, and the patent literature
4 discloses a structure in which there are three cold cathode
fluorescent tubes which are respectively provided with lamp
reflection plates. Further, the patent literature 5 discloses a
structure in which damage to cables is presented by pulling
out the power supply cables from non-cornered portions of
a casing.

[0014] [Patent literature 1]

[0015] Japanese Patent Laid-Open 2003-234006

[0016] [Patent literature 2]

[0017] Japanese Patent Laid-Open Hei07(1995)-282613

[0018] [Patent literature 3]

[0019] Japanese Patent Laid-Open Hei06(1994)-109928

[0020] [Patent literature 4]

[0021] Japanese Patent Laid-Open 2001-75092

[0022] [Patent literature 5]

[0023] Japanese Patent Laid-Open 2001-222238
SUMMARY OF THE INVENTION

[0024] When two cold cathode fluorescent tubes CFL1,

CFL2, as shown in FIG. 9, are arranged in such a way that
the cold cathode fluorescent tubes CFL1, CFL2 are stacked
in the vertical direction, the power supply cables can be
pulled around in the narrow space defined between the back
surface of the light reflection plate RFP and the inner wall
of the lower casing BCS, as well as in the inside of the
vertical-directional sizes of the light reflection plate RFP,
without generating any interference by these cables.

[0025] However, as disclosed in the above-mentioned
patent literatures, a reduction of the thickness of the overall
liquid crystal display device is often realized by reducing the
thickness of the light guide plate GLB, and, hence, it is
desirable to arrange two cold cathode fluorescent tubes
CFL1, CFL2 in the lateral direction (the direction parallel to
a surface of the light guide plate GLB).

[0026] In this case, when two respective cold cathode
fluorescent tubes having the same longitudinal sizes are
arranged without being displaced, in contrast to the tech-
nique proposed in the patent literature 1, it is physically
difficult to connect the power supply cables to the electrode
terminals of the two cold cathode fluorescent tubes CFL1,
CFL2 from the same lateral direction. Further, in an attempt
to pull around these cables in the narrow space defined
between the back surface of the light reflection plate RFP
and the inner wall of the lower casing BCS, as well as in the
inside of the vertical-directional sizes of the light reflection
plate RFP, the cables interfere with each other, and, hence,
it is extremely difficult to house these cables in the inside of
the vertical-directional sizes of the light reflection plate RFP.
Although the cables can be pulled out in the longitudinal
direction of the cold cathode fluorescent tubes, in this case,
the width of the backlight (the length of the light source
portion) largely projects from the width dimension of the
liquid crystal panel, and, hence, the picture frame size is
increased, thus obstructing any attempt at miniaturization of
the planar size of the liquid crystal display device.
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[0027] Accordingly, it is an object of the present invention
to provide a liquid crystal display device in which a reduc-
tion of the thickness can be achieved together with produc-
tion of a high luminance by laterally arranging two cold
cathode fluorescent tubes in parallel to a main surface of the
light guide plate and, at the same time, by eliminating any
mutual interference in the pull-around arrangement of the
power supply cables.

[0028] A liquid crystal display device according to the
present invention includes a liquid crystal panel and a
side-edge-type back light which is mounted on a back
surface of the liquid crystal panel. The backlight is consti-
tuted of a light guide plate, two linear light sources which are
formed of a first linear light source and a second linear light
source and are arranged in parallel along at least one
peripheral side of the light guide plate, and a light reflection
plate which surrounds a side of two linear light sources
opposite to the light guide plate and reflects light irradiated
from the linear light sources in a direction toward the light
guide plate.

[0029] Both ends of each one of the first linear light source
and the second linear light source include a one-side elec-
trode and an other-side electrode. The one-side electrode of
the first linear light source, which is positioned opposite to
the second linear light source with respect to the light guide
plate, is retracted relative to the other-side electrode more
than the one-side electrode of the neighboring second linear
light source by an amount which allows the connection of a
power supply cable to at least the one-side electrode of the
second linear light source.

[0030] A flat cable which is pulled around a surface of the
light reflection plate parallel to a main surface of the light
guide plate is connected to the other-side electrode of the
second linear light source, and power supply cables are
connected to the respective one-side electrodes of the first
linear light source and the second linear light source and the
other-side electrode of the first linear light source. The linear
light sources are cold cathode fluorescent tubes, and the
one-side electrodes of the first cold cathode fluorescent tube
and the second cold cathode fluorescent tube constitute
high-voltage-side terminals, and the other-side electrodes of
the first cold cathode fluorescent tube and the second cold
cathode fluorescent tube constitute low-voltage-side termi-
nals.

[0031] Substantially the whole portions of the high-volt-
age-side cables, which are respectively connected with the
high-voltage-side terminals of the first cold cathode fluo-
rescent tube and the second cold cathode fluorescent tube,
and substantially the whole portions of the low-voltage-side
cables, which are respectively connected with the low-
voltage-side terminal of the first cold cathode fluorescent
tube, are pulled around outside a side of the light reflection
plate opposite to the light guide plate.

[0032] Further, the backlight used in another embodiment
of the liquid crystal display device of the present invention
is formed of a light guide plate, two linear light sources
which consist of a first linear light source and a second linear
light source arranged in parallel along at least one peripheral
side of the light guide plate, a both-surface reflection plate
which is provided between two linear light sources and has
reflection surfaces which reflect light irradiated from two
linear light sources on both surfaces thereof, and a light
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reflection plate which surrounds a side of the two linear light
sources opposite to the light guide plate and reflects light
irradiated from the linear light sources in a direction toward
the light guide plate.

[0033] Also, in the liquid crystal display device which
includes the both-surface reflection plate, both ends of each
one of the first linear light source and the second linear light
source include a one-side electrode and an other-side elec-
trode, and the one-side electrode of the first linear light
source, which is positioned opposite to the second linear
light source with respect to the light guide plate, is retracted
relative to the other-side electrode more than the one-side
electrode of the neighboring second linear light source by an
amount which allows the connection of a power supply
cable to at least the one-side electrode of the second linear
light source.

[0034] In the same manner, a flat cable, which is pulled
around a surface of the light reflection plate parallel to the
main surface of the light guide plate, is connected to the
other-side electrode of the second linear light source, and
power supply cables are connected to the respective one-side
electrodes of the first linear light source and the second
linear light source and the other-side electrode of the first
linear light source. The linear light sources are constituted of
a cold cathode fluorescent tube. The one-side electrodes of
the first cold cathode fluorescent tube and the second cold
cathode fluorescent tube constitute high-voltage-side termi-
nals, and the other-side electrodes of the first cold cathode
fluorescent tube and the second cold cathode fluorescent
tube constitute low-voltage-side terminals. Here, the flat
cable is a cable which is formed by sandwiching a thin
conductor foil with flexible sheets, which has a thickness
that is extremely small compared to a copper cable having
a circular cross section and is covered with resin, such as a
conductive rubber or the like. Here, although the flat cable
may be also referred to as a flexible printed circuit board
(FPC), the configuration of the flat cable is not particularly
restricted.

[0035] Also, in the liquid crystal display device having a
both-surface reflection plate, substantially the whole por-
tions of high-voltage-side cables, which are respectively
connected with the high-voltage-side terminals of the first
cold cathode fluorescent tube and the second cold cathode
fluorescent tube, and substantially the whole portions of
low-voltage-side cables, which are respectively connected
with the low-voltage-side terminal of the first cold cathode
fluorescent tube, are pulled around outside of a side of the
light reflection plate opposite to the light guide plate.

[0036] The both-surface reflection plate is arranged over
the whole regions in the longitudinal direction of the first
cold cathode fluorescent tube and the second cold cathode
fluorescent tube. Further, the both-surface reflection plate is
arranged over the whole regions in the longitudinal direction
of the first cold cathode fluorescent tube and the second cold
cathode fluorescent tube, and it has a cross section which is
recessed toward the second cold-cathode-fluorescent-tube
side along the longitudinal direction of the second cold
cathode fluorescent tube.

[0037] Here, the present invention is not limited to the
above-mentioned constitution and the constitution of
embodiments described later, and various modification can
be made without departing from the technical concept of the
present invention.
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[0038] By disposing two cold cathode fluorescent tubes,
which constitute linear light sources, in a lateral arrange-
ment, it is possible to increase the luminance of a screen.
Further, it is possible to implement a pull-around disposition
of the power supply cables, which becomes necessary due
the arrangement of the cold cathode fluorescent tubes,
without increasing the thickness and the width of the liquid
crystal display device. Further, by providing the both-sur-
face reflection plate between two cold cathode fluorescent
tubes, it is possible to efficiently make use of light irradiated
from the cold cathode fluorescent tube on a side remote from
the light guide plate, thus realizing a liquid crystal display
device having a higher luminance.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0039] FIG. 11is a cross-sectional view showing the struc-
ture of part of a liquid crystal display device representing an
embodiment 1 of the present invention in which two cold
cathode fluorescent tubes are arranged on one peripheral
side of a light guide plate;

[0040] FIG. 2A is a plan view and FIG. 2B is a side view,
as seen from the direction of arrow A in FIG. 2A, showing
rubber bushes which hold both ends of the cold cathode
fluorescent tube and a pull-around state of power supply
cables in accordance with the present invention;

[0041] FIG. 3A is a plan view, FIG. 3B is a side view, as
seen from the direction of arrow B in FIG. 3A, and FIGS.
3C and 3D are perspective views, showing a pull-around
state of a high-voltage-side cable and a low-voltage-side
cable of the cold cathode fluorescent tube and a flat cable
FCB after removing the rubber bushes shown in FIG. 2A
and FIG. 2B;

[0042] FIG. 4 is a plan view showing the arrangement of
two cold cathode fluorescent tubes with the rubber bushes in
the embodiment 1;

[0043] FIG. 5A and FIG. 5B are cross-sectional views of
an embodiment 2 of the present invention, in which two cold
cathode fluorescent tubes are arranged on one side of a light
guide plate, wherein FIG. 5A is a cross-sectional view of a
liquid crystal display device including the structure of a side
part thereof and FIG. 5B is a partial cross-sectional view for
showing another arrangement of the cold cathode fluores-
cent tubes;

[0044] FIG. 6A is a plan view and FIG. 6B is a cross-
sectional view taken along line C-C' in FIG. 6A, showing
the arrangement of two cold cathode fluorescent tubes
together with rubber bushes in the embodiment 2;

[0045] FIG. 7 is a developed perspective view showing an
example of the overall constitution of the liquid crystal
display device of the present invention;

[0046] FIG. 8 is a partial side view showing a portion F
in FIG. 7, together with a portion of an upper casing,
representing one example of the power supply cable pullout
structure of cold cathode fluorescent tubes provided to an
intermediate casing;

[0047] FIG. 9 is a cross-sectional view showing the struc-
ture of a side part of a conventional liquid crystal display
device in which two cold cathode fluorescent tubes are
arranged on one side of the light guide plate;
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[0048] FIG. 10A is a plan view and FIG. 10B is a side
view, as seen from the direction of arrow G in FIG. 10A,
showing rubber bushes which hold both ends of a cold
cathode fluorescent tubes and a pull-around state of power
supply cables; and

[0049] FIG. 11A is a plan view and FIG. 11B is a side
view, as seen from the direction of arrow H in FIG. 11A,
showing a pull-around state of high-voltage-side cables and
low-voltage-side cables of the cold cathode fluorescent tubes
in a state in which the rubber bushes shown in FIG. 10A and
FIG. 10B are removed.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] Hereinafter, various embodiments of the present
invention will be explained in detail in conjunction with the
attached drawings.

Embodiment 1

[0051] FIG. 1is a cross-sectional view showing the struc-
ture of part of a liquid crystal display device according to an
embodiment 1 of the present invention, which device is
provided with a backlight having two cold cathode flores-
cent tubes that are arranged on one side of a light guide plate.
As seen in FIG. 1, in the liquid crystal display device, the
backlight BL s arranged on a back surface of a liquid crystal
panel PNL. An optical compensation sheet OPS, which is
formed by stacking prism sheets, and light diffusion sheets
is interposed between the liquid crystal panel PNL and the
backlight BL.

[0052] The liquid crystal display device has substantially
the same structure as the liquid crystal display device shown
in FIG. 9, except for the cold cathode florescent tubes,
which constitute a linear light source, and the pull-around
structure of the power supply cables; hence, a repeated
explanation of the common elements is omitted. Here,
symbol FCB indicates a flat cable.

[0053] In this embodiment 1, two cold cathode fluorescent
tubes CFL1, CFL2 are arranged side-by-side in the lateral
direction along one side of the light guide plate GLB. The
first cold cathode fluorescent tube CFL1 is arranged at a
position remote from the light guide plate GLB and the
second cold cathode fluorescent tube CFL2 is arranged close
to the periphery of the light guide plate GLB. Further, the
high-voltage-side cables of both of the cold cathode fluo-
rescent tubes CFL1, CFL2 and the low-voltage-side cable
CBL of the first cold cathode fluorescent tube CFL1 are
pulled around, outside of a light reflection plate RFP, which
is disposed on the side of the two cold cathode fluorescent
tubes opposite to the light guide plate GLB, and these cables
are disposed inside of a space defined between the light
guide plate GLB and an intermediate casing MCS. The
low-voltage-side cable of the second cold cathode fluores-
cent tube CFL2 is pulled around onto an upper surface of the
light reflection plate RFP and is disposed in parallel to a
main surface of the light guide plate GLB using the flat cable
FCB.

[0054] FIG. 2A and FIG. 2B are views which show the
rubber bushes which hold both ends of the cold cathode
fluorescent tube and a pull-around state of the power supply
cable in accordance with this embodiment, wherein FIG. 2A
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is a plan view showing a state in which the light guide plate
is removed from the liquid crystal panel side in FIG. 1A and
FIG. 2B is a side view as seen in the direction of an arrow
A in FIG. 2A. Here, the same symbols used in FIG. 1
indicate identical functional parts, and the cold cathode
fluorescent tubes are not explicitly illustrated in the drawing
since illustration of the cold cathode fluorescent tubes makes
the drawing complicated. Both ends of two cold cathode
fluorescent tubes accommodated in the inside of the light
reflection plate RFP are held in a given positional relation-
ship by the rubber bushes GB1, GB2. On end peripheries of
the respective rubber bushes GB1, GB2, projections KB1,
KB2 are provided which allow the rubber bushes GB1, GB2
to be engaged with an intermediate casing MCS or the like.
The first cold cathode fluorescent tube CFL1 is additionally
provided with a high-voltage-side cable CBH1, which is
connected with a high-voltage-side electrode terminal, a
low-voltage-side cable CBL1, which is connected with a
low-voltage-side electrode terminal, and a flat cable FCB,
which is connected with a low-voltage-side electrode ter-
minal of the second cold cathode fluorescent tube CFL2.

[0055] FIG. 3A to FIG. 3D, which are similar to FIG. 2A
and FIG. 2B, show a pull-around state of the high-voltage-
side cable, the low-voltage-side cable and the flat cable FCB
of the cold cathode fluorescent tube in a state in which the
rubber bushes shown in FIG. 2A and FIG. 2B are removed.
FIG. 3A is a plan view, FIG. 3B is a side view as seen from
the direction of an arrow B in FIG. 3A. FIG. 3C is detailed
perspective view showing a connection state of the low-
voltage-side electrode terminal of the second cold cathode
fluorescent tube CFL2 and the flat cable FCB, and FIG. 3D
is a detailed perspective view of the connection state of the
high-voltage-side electrode terminal ELH2 of the second
cold cathode fluorescent tube CFL2 (the high-voltage-side
electrode terminal ELH2 and the low-voltage-side electrode
terminal ELL1 of the first cold cathode fluorescent tube
CFL1) and a cable CBH2 (CBH1CBL).

[0056] As shown in FIG. 3A, FIG. 3B and FIG. 3C, onc
end of the high-voltage-side cable CBH1 is connected to the
high-voltage-side electrode terminal ELH1 of the first cold
cathode fluorescent tube CFL1, and one end of the low-
voltage-side cable CBL is connected to the low-voltage-side
electrode terminal ELL1 of the first cold cathode fluorescent
tube CFL1. Further, one end of the high-voltage-side cable
CBH2 is connected to the high-voltage-side electrode ter-
minal ELH2 of the second cold cathode fluorescent tube
CFL2, and one end of the flat cable FCB is connected to the
low-voltage-side electrode terminal ELL2 of the second cold
cathode fluorescent tube CFL2. The flat cable FCB is bent at
90 degrees in a middle portion thereof, traverses a light
reflection plate RFP, and then is further twisted at 90 degrees
vertically, and is bent at 90 degrees again and is merged with
the pull-around path of the high-voltage-side cables CBH1
and CBH2.

[0057] Then, the high-voltage-side cables CBHI1 and
CBH2, the low-voltage-side cable CBL and the flat cable
FCB are pulled out from the intermediate casing MCS to an
external system (a body of a notebook PC, for example) after
being pulled around between an inner wall of the back
surface of the light reflection plate RFP (at a side opposite
to the light guide plate with respect to the cold cathode
fluorescent tube) and an inner wall of the lower casing BCS.
The high-voltage-side cable is set to be shorter than the
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low-voltage-side cable until these cables are pulled out from
the intermediate casing, and the length of the high-voltage-
side cable and the length of the low-voltage-side cable are
set to be equal after the cables are pulled out from the
intermediate casing.

[0058] The connection between the low-voltage-side elec-
trode terminal ELL2 of the second cold cathode fluorescent
tube CFL2 and the flat cable FCB is shown in FIG. 3C. The
flat cable FCB which is pulled around the upper side of the
light reflection plate RFP (not shown in the drawing) is bent
at an end portion of the second cold cathode fluorescent tube
CFL2, and then it has the conductor thereof connected to the
low-voltage-side electrode terminal ELL2 of the second cold
cathode fluorescent tube CFL2 by soldering or the like.

[0059] On the other hand, the connection of the high-
voltage-side electrode terminal ELH2 of the second cold
cathode fluorescent tube CFL2, as well as the high-voltage-
side electrode terminal ELH1 and the low-voltage-side
electrode terminal ELL1 of the first cold cathode fluorescent
tube CFL1, with the cables CBH2, CBH1 and CBL is shown
in FIG. 3D. These connections, for example, are performed
in such a way that the cable CBH2 is allowed to intersect the
high-voltage-side electrode terminal ELH2 of the second
cold cathode fluorescent tube CFL2, and contact portions are
connected with each other by soldering or the like. A flat
cable may be also used for the low-voltage-side electrode
terminal ELL1 of the first cold cathode fluorescent tube
CFL1.

[0060] FIG. 4 is a plan view which illustrates the arrange-
ment of two cold cathode fluorescent tubes in the embodi-
ment 1 together with the rubber bushes. The second cold
cathode fluorescent tube CFL2 is arranged close to the side
of the light guide plate (not shown in the drawing) and the
first cold cathode fluorescent tube CFL1 is arranged at the
other side thereof remote from the light guide plate. The first
cold cathode fluorescent tube CFL1 has a length which is
slightly short so as to ensure a space D, where the cable
CBH2 is connected to the high-voltage-side electrode ter-
minal ELH2 of the second cold cathode fluorescent tube
CFL2 and is pulled out, as shown in FIG. 3D. The low-
voltage-side electrode terminal ELL1 of the first cold cath-
ode fluorescent tube CFL1 is arranged in alignment with the
position of the low-voltage-side electrode terminal ELL2 of
the second cold cathode fluorescent tube CFL2.

[0061] However, the low-voltage-side electrode terminal
ELL1 of the first cold cathode fluorescent tube CFL1 can be
retracted in the same manner as the high-voltage-side elec-
trode terminal ELHI. These two cold cathode fluorescent
tubes are incorporated into the liquid crystal display device,
as will be described later, with both ends held by the rubber
bushes GB1, GB2.

[0062] Due to the constitution described in connection
with embodiment 1, it is possible to provide a liquid crystal
display device which uses a side-edge-type backlight that is
capable of producing a high luminance and which is reduced
in thickness.

Embodiment 2

[0063] FIG. 5A and FIG. 5B are views of an embodiment
2 of the present invention in which two cold cathode
fluorescent tubes are arranged on one side of a light guide
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plate, wherein FIG. 5A is a cross-sectional view of a liquid
crystal display device including the structure of the part
thereof where the fluorescent tubes are located, and FIG. 5B
is a partial cross-sectional view showing another possible
arrangement of the cold cathode fluorescent tubes. The
embodiment 2 is substantially the same as the embodiment
1 shown in FIG. 1, except for the point that a both-surface
reflection plate RFM is arranged between the first cold
cathode fluorescent tube CFL1 and the second cold cathode
fluorescent tube CFL2.

[0064] In this embodiment, as shown in FIG. 5A, between
the first cold cathode fluorescent tube CFL1 and the second
cold cathode fluorescent tube CFL2, which are arranged in
parallel along at least one side of the light guide plate GLB,
the both-face reflection plate RFM, which has reflection
surfaces which reflect light irradiated from the two cold
cathode fluorescent tubes on both surfaces thereof, is pro-
vided. This both-face reflection plate RFM obviates a phe-
nomenon in which the light irradiated in the light guide plate
GLB direction from the first cold cathode fluorescent tube
CFL1 is blocked by the second cold cathode fluorescent tube
CFL2. That is, the light irradiated in the light guide plate
GLB direction from the first cold cathode fluorescent tube
CFL1 is reflected on the both-face reflection plate RFM and,
thereafter, is directed in the light guide plate GLB direction
by the light reflection plate RFM.

[0065] Further, the both-face reflection plate RFM obvi-
ates a phenomenon in which the light irradiated to the first
cold cathode fluorescent tube CFL1 side from the second
cold cathode fluorescent tube CFL2 is absorbed by the first
cold cathode fluorescent tube CFL1. That is, the light which
is irradiated to the first cold cathode fluorescent tube CFL1
side from the second cold cathode fluorescent tube CFL2 is
reflected on the both-face reflection plate REM and is
directed to the light guide plate GLB. Here, the both-face
reflection plate RFM may be formed of a flat panel, or it may
be formed in a shape in which a cross section along the
longitudinal direction of the second cold cathode fluorescent
tube CFL2 is recessed toward the second cold cathode
fluorescent tube CFL2 side.

[0066] FIG. 6A and FIG. 6B arc views showing the
arrangement of the two cold cathode fluorescent tubes in the
embodiment 2 together with rubber bushes, wherein FIG.
6A is a plan view and FIG. 6B is a cross-sectional view of
a rubber bush portion taken along a line C-C' in FIG. 6A.
The same symbols as used in FIG. 4 indicate identical
functional parts in these views. In the embodiment 2, the
both-face reflection plate RFM is provided between the first
cold cathode fluorescent tube CFL1 and the second cold
cathode fluorescent tube CFL2. The both-face reflection
plate RFM is held using grooves formed in the rubber bushes
GBI1, GB2. Here, as shown in FIG. 6B, openings which
allow the high-voltage-side cables CBH1, CBH2 to pass
therethrough and which hold the high-voltage-side cables
CBH1, CBH2 ar¢ formed in the rubber bush GB1. Here,
similar openings which allow the low-voltage-side cables to
pass therethrough and which hold the low-voltage-side
cables are also formed in the rubber bush GB2. The two cold
cathode fluorescent tubes have both ends thereof held by the
rubber bushes GB1, GB2 and are incorporated into the liquid
crystal display device, as will be described later.

[0067] Due to the constitution described in connection
with embodiment 2, it is also possible to provide a liquid
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crystal display device using a side-edge-type backlight that
is capable of producing a high luminance and which has a
reduced thickness. Here, although metal is suggested as a
material of the above-mentioned both-face reflection plate
from a viewpoint of strength and reflectance, the both-face
reflection plate may be made of resin for reducing the weight
thereof. Further, the surface of the both-face reflection plate
is not always limited to a mirror surface, but may also be
colored white. Although the both-face reflection plate is held
with rubber bushes in the above-mentioned embodiment, the
both-face reflection plate may be integrally formed with the
light reflection plate RFP. Further, as seen in FIG. 5A, a
space SPC is present between the liquid crystal panel PNL
and the upper casing ACS. Accordingly, by changing the
shape of an intermediate casing MCS, the light reflection
plate RFP is allowed to have the shape shown in FIG. 5B,
wherein the centers of two cold cathode fluorescent tubes,
arranged in the space SPC are displaced from each other. By
displacing the centers of the cold cathode fluorescent tubes
thus providing a shape which bulges in the liquid crystal
panel direction from the light guide plate and in a direction
away from the light guide plate GLB, it is possible to
enhance the utilization efficiency of the light without chang-
ing the thickness of the liquid crystal display device.

[0068] FIG. 7 is a developed perspective view which
shows an example of the overall constitution of the liquid
crystal display device according to the present invention.
The liquid crystal display device mounts a side-edge-type
backlight having the light guide plate GLB and two cold
cathode fluorescent tubes CFL1, CFL2 on a back surface of
the liquid crystal panel PNL, and it is integrally formed with
the upper casing ACS, the intermediate casing MCS and the
lower casing BCS. The optical compensation sheet OPS,
which is formed by stacking the prism sheets and the
diffusion sheets, is interposed between the liquid crystal
panel PNL and the light guide plate GLB.

[0069] The liquid crystal panel PNL sandwiches the liquid
crystal in a lamination gap defined between two glass
substrates (the thin film transistor substrate and the color
filter substrate) and polarizers POL are laminated to front
and rear surfaces of the glass substrates. On a periphery of
the liquid crystal panel PNL, a signal drive circuit DDR and
a scanning drive circuit GDR are mounted. The intermediate
casing MCS is a resin-molded product, and it includes a
housing portion for the liquid crystal panel PNL and the
housing structure for the cold cathode fluorescent tubes
CFL1, CFL2 and the light reflection plate RFP in a liquid-
crystal-panel-PNL-side inner frame. Further, the intermedi-
ate casing MCS includes a housing portion for receiving the
optical compensation sheet OPS and an upper surface side of
the light guide plate GLB on the light guide plate GLB side.

[0070] The light reflection plate RFP is combined with the
cold cathode fluorescent tubes CFL1, CFL2, both ends of
which are held by the rubber bushes GB1, GB2 in the
direction of an arrow D; and, thereafter, the lamp reflection
plate RFP is incorporated into the side periphery of the light
guide plate GLB, which is housed in the inside of the
intermediate casing MCS, as indicated by an arrow E, in a
state in which the lamp reflection plate RFP faces the side
periphery of the light guide plate GLB in an opposed
manner. The lower casing BCS is an iron-based or alumi-
num-based metal press work product. Further, the upper



US 2005/0269937 Al

casing ACS, which covers the surface side of the liquid
crystal panel PNL, is an iron-based metal press work prod-
uct.

[0071] Still further, in the intermediate casing MCS and
the lower casing BCS, the backlight, which is constituted of
the light guide plate GLB, the cold cathode fluorescent tubes
CFL1, CFL2 and the like, the optical compensation sheet
OPS and the liquid crystal panel PNL are assembled; and,
thereafter, the pawls of the upper casing ACS are bent
toward and fixed to a back surface of the lower casing BCS.
Here, in a peripheral portion of the lower casing BCS, there
are openings AP with which projections PJ formed on side
walls of the intermediate casing MCS are engaged.

[0072] FIG. 8 is a partial view which shows a portion F in
FIG. 7 together with a portion of the upper casing to
illustrate an example of the power supply cable pullout
structure of the cold cathode fluorescent tubes provided in
the intermediate casing. Notches CF are formed in portions
of the upper casing ACS, while through holes TH1, TH2,
TH3 for pulling out the power supply cables and the flat
cable to the outside of the liquid crystal display device are
formed in the intermediate casing MCS in a state such that
the through holes TH1, TH2, TH3 are exposed to the notch
CF.

[0073] The through hole THI has a shape which allows the
penetration of two cables, and the high-voltage-side cable
CBH1 of the first cold cathode fluorescent tube CFL1 and
the high-voltage-side cable CBH2 of the second cold cath-
ode fluorescent tube CFL2 are pulled out to the outside
through the through hole TH1. The through hole TH2 has a
shape which allows the penetration of one cable, and the
low-voltage-side cable CBL of the first cold cathode fluo-
rescent tube CFLL is pulled out to the outside through the
through hole TH2. The through hole TH3 is formed in a slit
shape, and the low-voltage-side flat cable FCB of the second
cold cathode fluorescent tube CFL2 is pulled out to the
outside through the through hole TH3.

[0074] Here, the structure shown in FIG. 7 and FIG. 8
merely constitutes one example, and so, it should be under-
stood that the present invention is not limited to such
structure.

What is claimed is
1. A liquid crystal display device comprising:

a liquid crystal panel; and

a back light which is mounted on a back surface of the
liquid crystal panel, wherein

the backlight is constituted of a light guide plate, two
linear light sources which are formed of a first linear
light source and a second linear light source which are
arranged in parallel along at least one side periphery of
the light guide plate, and a lamp reflection plate which
surrounds a side of two linear light sources opposite to
the light guide plate and reflects light irradiated from
the linear light sources in the direction toward the light
guide plate,

both ends of each one of the first linear light source and
the second linear light source include a one-side elec-
trode and an another-side electrode,
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the one-side electrode of the first linear light source which
is positioned opposite to the second linear light source
with respect to the light guide plate is retracted to
another-end electrode side than the one-side electrode
of the neighboring second linear light source by an
amount which allows the connection of a power supply
cable to at least the one-side electrode of the second
linear light source,

a flat cable which is pulled around a surface of the lamp
reflection plate parallel to a main surface of the light
guide plate is connected to the another-side electrode of
the second linear light source, and

power supply cables are connected to the respective
one-side electrodes of the first linear light source and
the second linear light source and the another-side
electrode of the first linear light source.

2. A liquid crystal display device according to claim 1,
wherein the first linear light source is constituted of a first
cold cathode fluorescent tube and the second linear light
source is constituted of a second cold cathode fluorescent
tube.

3. A liquid crystal display device according to claim 2,
wherein the one-side electrodes of the first cold cathode
fluorescent tube and the second cold cathode fluorescent
tube constitute high-voltage-side terminals and the another-
side electrodes of the first cold cathode fluorescent tube and
the second cold cathode fluorescent tube constitute low-
voltage-side terminals.

4. A liquid crystal display device according to claim 3,
wherein the substantially whole portions of high-voltage-
side cables which are respectively connected with the high-
voltage-side terminals of the first cold cathode fluorescent
tube and the second cold cathode fluorescent tube and the
substantially whole portions of low-voltage-side cables
which are respectively connected with the low-voltage-side
terminal of the first cold cathode fluorescent tube are pulled
around outside a side of the lamp reflection plate opposite to
the light guide plate.

5. A liquid crystal display device comprising:

a liquid crystal panel; and

a back light which is mounted on a back surface of the
liquid crystal panel, wherein

the backlight is constituted of a light guide plate, two
linear light sources which are formed of a first linear
light source and a second linear light source which are
arranged in parallel along at least one side periphery of
the light guide plate, a both-surface reflection plate
which is provided between two linear light sources and
has reflection surfaces which reflect lights irradiated
from two linear light sources on both surfaces thereof,
and a lamp reflection plate which surrounds a side of
two linear light sources opposite to the light guide plate
and reflects light irradiated from the linear light sources
in the direction toward the light guide plate,

both ends of each one of the first linear light source and
the second linear light source include a one-side elec-
trode and an another-side electrode,

the one-side electrode of the first linear light source which
is positioned opposite to the second linear light source
with respect to the light guide plate is retracted to the
another-side electrode than the one-side electrode of
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the neighboring second linear light source by an
amount which allows the connection of a power supply
cable to at least the one-side electrode of the second
linear light source,

a flat cable which is pulled around a surface of the lamp
reflection plate parallel to a main surface of the light
guide plate is connected to the another-side electrode of
the second linear light source, and

power supply cables are connected to the respective
one-side electrodes of the first linear light source and
the second linear light source and the another-side
electrode of the first linear light source.

6. A liquid crystal display device according to claim 5,
wherein the first linear light source is constituted of a first
cold cathode fluorescent tube and the second linear light
source is constituted of a second cold cathode fluorescent
tube.

7. A liquid crystal display device according to claim 6,
wherein the one-side electrodes of the first cold cathode
fluorescent tube and the second cold cathode fluorescent
tube constitute high-voltage-side terminals and the another-
side electrodes of the first cold cathode fluorescent tube and
the second cold cathode fluorescent tube constitute low-
voltage-side terminals.

Dec. 8, 2005

8. A liquid crystal display device according to claim 7,
wherein the substantially whole portions of high-voltage-
side cables which are respectively connected with the high-
voltage-side terminals of the first cold cathode fluorescent
tube and the second cold cathode fluorescent tube and the
substantially whole portions of low-voltage-side cables
which are respectively connected with the low-voltage-side
terminal of the first cold cathode fluorescent tube are pulled
around outside a side of the lamp reflection plate opposite to
the light guide plate.

9. A liquid crystal display device according to claim 5,
wherein the both-surface reflection plate is arranged over the
whole regions in the longitudinal direction of the first cold
cathode fluorescent tube and the second cold cathode fluo-
rescent tube.

10. A liquid crystal display device according to claim 5,
wherein the both-surface reflection plate is arranged over the
whole regions in the longitudinal direction of the first cold
cathode fluorescent tube and the second cold cathode fluo-
rescent tube, and has a cross section which is recessed
toward the second cold-cathode-fluorescent-tube side along
the longitudinal direction of the second cold cathode fluo-
rescent tube.
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