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&) ABSTRACT

A liquid crystal display device includes a liquid crystal
display element having a pair of substrates and liquid crystal
sandwiched between a pair of substrates and a backlight unit
which is arranged at a side opposite to a display surface of
the liquid crystal display element, wherein the backlight unit
comprises a light guide body, plural light sources which are
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device served for a personal computer, a work
station or the like, and more particularly, to a technique
which can be effectively applied to a sidelight backlight unit
used in the liquid crystal display device.

[0002] Liquid crystal display modules of a STN (Super
Twisted Nematic) type or a TET (thin film transistor) type
have been broadly used as notebook type personal comput-
ers or the like.

[0003] The liquid crystal display module is constituted of
a liquid crystal display panel which arranges a drain driver
and a gate driver on a periphery thereof and a backlight unit
which irradiates light to the liquid crystal display panel.

[0004] The backlight unit is roughly classified into a
sidelight backlight unit and a direct backlight unit.

[0005] As the liquid crystal display module which is used
as the display device for the notebook type personal com-
puter, the sidelight backlight unit is mainly adopted.

[0006] The sidelight backlight unit is constituted by
accommodating, for example, a light guide body which
guides light irradiated from a light source in the direction
away from the light source and irradiates the light uniformly
over the whole liquid crystal display panel, a cold cathode
fluorescent lamp which is arranged in the vicinity of a side
surface of the light guide body and in parallel and along with
the side surface of the light guide body and forms a linear
light source, optical sheets (for example, two diffusion
sheets and two prism sheets) which are arranged on the light
guide body, and a reflection sheet which is arranged below
the light guide body in an extended manner in a mold.

[0007] Such a technique is described in, for example,
Japanese Patent Publication 19474/1985 and Japanese Util-
ity Model Laid-open Publication 22780/1992.

[0008] Recently, the Liquid crystal display modules have
become large-sized and have been provided with large
screens and hence, the liquid crystal display modules have
been used also as display devices for monitoring.

[0009] With respect to the liquid crystal display modules
for monitoring which are large-sized, have large screens and
adopt sidelight backlight units, there has been known a
liquid crystal display module which uses two cold cathode
fluorescent lamps for enhancing the brightness.

[0010] However, in such a sidelight backlight unit which
arranges two cold cathode fluorescent lamps in the inside
thereof, two cold cathode fluorescent lamps are arranged
close to each other in a narrow space along a side surface of
a light guide body.

[0011] Accordingly, each cold cathode fluorescent lamp
receives light directly from the other cold cathode fluores-
cent lamp so that the temperature of each cold cathode
fluorescent lamp is elevated due to the radiation heat.

[0012] In general, as shown in FIG. 6, there exists a
temperature at which the cold cathode fluorescent lamp
exhibits the maximum illumination efficiency (the maxi-
mum brightness) and when the temperature of the cold
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cathode fluorescent lamp becomes higher than such a tem-
perature, the illumination efficiency is sharply reduced and
the brightness is reduced correspondingly.

[0013] In this manner, with respect to the sidelight back-
light unit which arranges two cold cathode fluorescent lamps
in the inside thereof, there has been a drawback that the
temperature of respective cold cathode fluorescent lamps is
elevated due to the above-mentioned reason so that the
brightness of respective cold cathode fluorescent lamps is
reduced.

SUMMARY OF THE INVENTION

[0014] The present invention has been made to overcome
these problems of the related art and it is an object of the
present invention to provide, in a liquid crystal display
device adopting a sidelight backlight unit which accommo-
dates a plurality of light sources in the inside thereof, a
technique which can prevent the elevation of the tempera-
ture of each cold cathode fluorescent lamp caused by the
radiation heat from other light source and can prevent the
lowering of the brightness of each light source accordingly.

[0015] The above-mentioned object, other objects and
novel features of the present invention will be made appar-
ent based on the description of this specification and
attached drawings.

[0016] Among the inventions disclosed in the present
application, to briefly explain the summary of typical inven-
tions, they are as follows.

[0017] That is, the present invention is directed to a liquid
crystal display device which includes a liquid crystal display
element having a pair of substrates and liquid crystal sand-
wiched between a pair of substrates and a backlight unit
which is arranged at a side opposite to a display surface of
the liquid crystal display element, wherein the backlight unit
includes a light guide body, a plurality of light sources which
are arranged at least along one side surface of the light guide
body at a plurality of positions whose distances from a
display surface of the liquid crystal display clement are
different from each other and irradiate the illumination lLight
to the light guide body, a reflection member which covers a
plurality of light sources and has shielding means which is
arranged between each two light sources of a plurality of
light sources, and a housing member which houses the light
guide body, a plurality of light sources and the reflection
member.

[0018] According to a preferred mode of the present
invention, at least two light sources are arranged along one
side surface of the light guide body and at least two more
light sources are arranged along another side surface of the
light guide body which are disposed opposite to the one side
surface of the light guide body.

[0019] According to another preferred mode of the present
invention, surfaces of the reflection member and the shield-
ing means which face the respective light sources in an
opposed manner form reflection surfaces.

[0020] According to still another preferred mode of the
present invention, the reflection member and the shielding
means are made of metal.

[0021] According to a further preferred mode of the
present invention, the housing member is at least partially
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made of metal and the reflection member is thermally
connected with the metal portion of the housing member.

[0022] According to the above-mentioned constitutions, in
the liquid crystal display device which adopts the sidelight
backlight unit arranging a plurality of light sources in the
inside thereof, the light shielding means is provided between
a plurality of light sources which are arranged close to each
other and hence, a phenomenon that the light emitting
efficiency of each light source is reduced due to the radiation
heat from other light source can be prevented whereby it
becomes possible to prevent the reduction of the brightness
of the each light source.

[0023] Further, since the surfaces of the reflection plate
and the shielding means which face the respective light
sources in an opposed manner are used as the reflection
surfaces, the light irradiated from the respective light
sources is efficiently made incident on the light guide body.

[0024] Further, when the reflection plate and the light
shielding means are made of metal and the reflection plate
is thermally connected with the metal portion of the housing
member, the heat generated by the each light source per se
can be efficiently radiated so that a phenomenon that the
temperature of the each light source is elevated and the light
emitting efficiency of the each light source is reduced can be
prevented.

[0025] Accordingly, the brightness of display images dis-
played on the liquid crystal display element can be
enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is an exploded perspective view showing a
general constitution of a TFT type liquid crystal display
module according to an embodiment of the present inven-
tion.

[0027] FIG. 2 is an exploded perspective view showing a
general constitution of a backlight unit shown in FIG. 1.

[0028] FIG. 3 is a perspective view showing a general
constitution of a cold cathode fluorescent lamp shown in
FIG. 2.

[0029] FIG. 4 is a cross-sectional view showing a general
cross-sectional structure of the liquid crystal display module
of the embodiment of the present invention.

[0030] FIG. 5 is a cross-sectional view showing a general
cross-sectional structure of a conventional liquid crystal
display module.

[0031] FIG. 6 is a graph showing the relationship between
the brightness and the temperature of a cold cathode fluo-
rescent lamp 21.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Embodiments in which the present invention is
applied to a TFT type liquid crystal display module are
explained in detail in conjunction with drawings.

[0033] In all drawings for explaining the embodiments,
parts having identical functions are given same numerals
and the repeated explanation of these parts is omitted.
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[0034] [Constitution of TFT type liquid crystal display
module according to embodiment 1 of the present invention]

[0035] FIG. 1 is an exploded perspective view showing a
general constitution of a TFT type liquid crystal display
module according to embodiment 1 of the present invention.

[0036] The liquid crystal display module of this embodi-
ment is constituted of a rectangular frame 1 made of a metal
plate, a liquid crystal display panel (liquid crystal display
element of the present invention) 2 and a sidelight backlight
unit 3.

[0037] The liquid crystal display panel 2 is constituted
such that a TFT substrate on which pixel electrodes, thin film
transistors and the like are formed and a filter substrate on
which a counter electrode, color filters and the like are
formed are superposed with a given gap therebetween, both
substrates are laminated to each other by means of a frame-
like seal member provided in the vicinity of peripheral
portions of both substrates, liquid crystal is filled into and is
sealed in the inside of the sealing member between both
substrates through a liquid crystal filling port formed in a
portion of the seal member, and polarizers are laminated to
the outsides of both substrates.

[0038] Here, a plurality of drain drivers and gate drivers
which are constituted of semiconductor integrated circuit
devices (IC) are mounted on a glass substrate of the TFT
substrate.

[0039] A drive power source, display data and control
signals are supplied to the drain drivers through a flexible
printed wiring board, while the drive power source and
control signals are supplied to the gate drivers through a
flexible printed wiring board.

[0040] These flexible printed wiring boards are connected
to a driving circuit board 4 which is provided to the back side
of the backlight unit 3.

[0041] [Constitution of the backlight unit 3 shown in FIG.
1]
[0042] FIG. 2 is an exploded perspective view showing a

general constitution of the backlight unit 3 shown in FIG. 1.

[0043] As shown in FIG. 2, the backlight unit 3 shown in
FIG. 1 is constituted such that an upper diffusion sheet 11,
two prism sheets 12, a lower diffusion sheet 13, a light guide
body 14, cold cathode fluorescent lamp units 20 and reflec-
tion sheets 15 are fitted into a mold 10 which is formed in
a frame shape and has a window in the order shown in FIG.
2, and an opening portion of the mold 10 is covered with a
lower frame 16 made of a metal plate.

[0044] In this embodiment, the cold cathode fluorescent
lamp units 20 are arranged along and in the vicinity of two
side surfaces of the light guide body 14 which are disposed
opposite to each other.

[0045] The light guide body 14 having a rectangular shape
guides light which is irradiated from cold cathode fluores-
cent lamps disposed in the inside of the cold cathode
fluorescent lamp units 20 in the direction away from the cold
cathode fluorescent lamps and uniformly irradiates the Light
over the whole liquid crystal display panel.

[0046] The upper and lower diffusion sheets (11, 13) and
two prism sheets (upper and lower prism sheets) 12 are
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arranged on the light guide body 14, while the reflection
sheet 15 is arranged below the light guide body 14.

[0047] [General constitution of the cold cathode fluores-
cent lamp unit 20 shown in FIG. 2]

[0048] FIG. 3 is a perspective view showing the general
constitution of the cold cathode fluorescent lamp unit 20
shown in FIG. 2.

[0049] As shown in FIG. 3, the cold cathode fluorescent
lamp unit 20 shown in FIG. 1 includes two cold cathode
fluorescent lamps 21 around which a reflection plate 22 is
arranged.

[0050] This reflection plate 22 is made of, for example,
metal such as aluminum or synthetic resin and the reflection
plate 22 is provided with a shielding plate 30 between two
cold cathode fluorescent lamps 21 as will be explained later.

[0051] Further, in FIG. 3, numeral 23 indicates a rubber
bushing, numeral 24 indicates a connector, and numeral 25
indicates a cable.

[0052] [Cross-sectional structure of liquid crystal display
module of this embodiment]

[0053] FIG. 4 is a cross-sectional view showing a general
cross-sectional structure of the liquid crystal display module
of this embodiment.

[0054] FIG. 4 shows the cross-sectional structure in the
state that the liquid crystal display module is cut along a
plane which intersects the cold cathode fluorescent lamps 21
at a right angle. Further, in FIG. 4, the upper and lower
diffusion sheets (11, 13), two prism sheets (upper and lower
prism sheets) 12 and the reflection sheet 15 are omitted from
the drawing.

[0055] As shown in FIG. 4, two cold cathode fluorescent
lamps 21 are covered with the reflection plate 22 which is
provided with the shielding plate 30 between two cold
cathode fluorescent lamps 21.

[0056] The reflection plate 22 has an approximately
E-shaped cross-sectional shape, wherein inner surfaces of
the reflection plate 22 and the shielding plate 30 form
reflection surfaces and cover approximately the full length
of two cold cathode fluorescent lamps 21.

[0057] Accordingly, light beams irradiated in directions
different from the direction toward the light guide body 14
can be focused on the light guide body 14 without any
leaking so that the brightness of display images displayed on
the liquid crystal display panel 2 can be enhanced.

[0058] [Cross-sectional structure of conventional liquid
crystal display module]

[0059] FIG. 5 is a cross-sectional view showing a general
cross-sectional structure of a conventional liquid crystal
display module.

[0060] FIG. 5 also shows the cross-sectional structure in
the state that the liquid crystal display module is cut along
a plane which intersects a cold cathode fluorescent lamps 21
at a right angle. Also in FIG. 5, upper and lower diffusion
sheets (11, 13), two prism sheets (upper and lower prism
sheets) 12 and a reflection sheet 15 are omitted from the
drawing.
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[0061] As shown in FIG. 5, in a backlight unit of the
conventional liquid crystal display module, each reflection
plate 22 is not provided with a shielding plate 30 between
two cold cathode fluorescent lamps 21.

[0062] Accordingly, each cold cathode fluorescent lamp
21 directly receives the irradiation of light from the other
cold cathode fluorescent lamp 21 so that the temperature of
each cold cathode fluorescent lamp 21 is elevated due to the
radiation heat whereby there has been a problem that the
brightness of respective cold cathode fluorescent lamps 21 is
reduced.

[0063] To the contrary, according to the backlight unit 3 of
the liquid crystal display module of this embodiment, the
reflection plate 22 is provided with the shielding plate 30
which is disposed between two cold cathode fluorescent
lamps 21.

[0064] Accordingly, in this embodiment, even when two
cold cathode fluorescent lamps 21 are arranged close to each
other in the inside of a narrow space covered with the
reflection plate 22, there exists no possibility that each cold
cathode fluorescent lamp 21 directly receives the irradiation
of light from the other cold cathode fluorescent lamp 21 and
the temperature of each cold cathode fluorescent lamp 21 is
elevated due to the radiation heat. Accordingly, it becomes
possible to obviate a phenomenon that the brightness of each
cold cathode fluorescent lamp 21 is reduced due to the
elevation of the temperature of each cold cathode fluorescent
lamp 21.

[0065] Here, the temperature of each cold cathode fluo-
rescent lamp 21 is also elevated due to heat generated by
each cold cathode fluorescent lamp 21 per se besides the
above-mentioned radiation heat.

[0066] To prevent the elevation of the temperature of each
cold cathode fluorescent lamp 21 due to the heat generated
by each cold cathode fluorescent lamp 21 per se, in this
embodiment, the reflection plate 22 is brought into contact

with the lower frame 16 which covers the opening portion of
the mold 10.

[0067] That is, in this embodiment, since the reflection
plate 22 and the lower frame 16 are thermally connected to
each other, the heat generated by each cold cathode fluo-
rescent lamp 21 per se can be efficiently radiated through the
reflection plate 22 and the lower frame 16. Accordingly, it
becomes possible to prevent the phenomenon that the tem-
perature of each cold cathode fluorescent lamp 21 is elevated
due to the heat generated by each cold cathode fluorescent
lamp 21 per se and the brightness of each cold cathode
fluorescent lamp 21 is reduced.

[0068] Due to such a constitution, according to this
embodiment, the brightness of the display images displayed
on the liquid crystal display panel 2 can be enhanced thus
realizing the high brightness.

[0069] In the previous description, the case in which two
cold cathode fluorescent lamps 21 are arranged along the
side surfaces of the light guide body 14 which are opposed
to each other has been explained. However, the present
invention 1s not limited to such a case. That is, three or more
cold cathode fluorescent lamps 21 may be arranged in the
direction perpendicular to the display surface of the liquid
crystal display panel 2 (the direction indicated by an arrow
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A in FIG. 4) and the shielding plate 30 may be arranged
between each two cold cathode fluorescent lamps 21.

[0070] Further, as the light guide body 14, it may be
possible to adopt a wedge-shaped light guide body which
makes a surface thereof which faces the cold cathode
fluorescent lamps 21 have a large width and gradually
decreases a cross section thereof in the direction away from
the cold cathode fluorescent lamps 21, and a plurality of cold
cathode fluorescent lamps 21 are arranged along one side
surface of the light guide body 14 having the large width.

[0071] Further, it is not always necessary that a plurality of
cold cathode fluorescent lamps 21 which are arranged in the
inside of one side surface are arranged in the direction
perpendicular to the display surface of the liquid crystal
display panel 2. That is, so long as a plurality of cold cathode
fluorescent lamps 21 are respectively arranged at positions
whose distance from the display surface are different from
each other, their horizontal positions may be different from
each other.

[0072] Further, the case in which the present invention is
applied to the TFT type liquid crystal display device has
been explained in the above-mentioned respective embodi-
ments, the application of the present invention is not limited
to such a case. It is needless to say that the present invention
is also applicable to a STN type simple-matrix type liquid
crystal display device.

[0073] Although the present invention made by inventors
of the present invention has been specifically explained in
conjunction with the above-mentioned embodiments of the
present invention, the present invention is not limited to the
above-mentioned embodiments and various modification
can be conceived without departing from the spirit of the
present invention.

[0074] To briefly explain advantageous effects brought
about by typical inventions disclosed in the present appli-
cation, they are as follows.

[0075] According to the present invention, in the liquid
crystal display device which adopts the sidelight backlight
unit in which a plurality of light sources are arranged, it
becomes possible to prevent the phenomenon that the tem-
perature of each light source is elevated due to the radiation
heat from the other light source and the brightness of
respective light sources is reduced.
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[0076] Due to such a constitution, the brightness of the
display images displayed on the liquid crystal display ele-
ment can be enhanced.

What is claimed is:

1. A liquid crystal display device comprising a liquid
crystal display element having a pair of substrates and liquid
crystal sandwiched between a pair of substrates and a
backlight unit which is arranged at a side opposite to a
display surface of the liquid crystal display element,

the backlight unit comprising:
a light guide body,

a plurality of light sources which are arranged at least
along one side surface of the light guide body at a
plurality of positions whose distances from a display
surface of the liquid crystal display element are differ-
ent from each other and irradiate the irradiation light to
the liquid crystal display element,

a reflection member which covers a plurality of light
sources and has shielding means which is arranged
between each two light sources of a plurality of light
sources, and

a housing member which houses the light guide body, a
plurality of light sources and the reflection member.
2. A liquid crystal display device according to claim 1,
wherein at least two light sources are arranged along one
side surface of the light guide body, and

at least two more light sources are arranged along another
side surface of the light guide body which are disposed
opposite to the one side surface of the light guide body.

3. A liquid crystal display device according to claim 1,
wherein surfaces of the reflection member and the shielding
means which face the respective light sources in an opposed
manner form reflection surfaces.

4. A liquid crystal display device according to claim 1,
wherein the reflection member and the shielding means are
made of metal.

5. A liquid crystal display device according to claim 4,
wherein the housing member is at least partially made of
metal and the reflection member is thermally connected with
the metal portion of the housing member.
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