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(57) ABSTRACT

A liquid crystal display device includes a liquid crystal dis-
play panel and a backlight device which supplies light to a
back surface of the liquid crystal display panel. The backlight
device includes a diffusion plate, a plurality of cold cathode
fluorescent lamps, and a reflection plate on which light is
reflected. Assuming arrangement intervals of the plurality of
cold cathode fluorescent lamps in the direction from a center
portion to a peripheral portion as “a”, “b”, “c¢”, “d”, “¢”, and
“f* respectively, the plurality of cold cathode fluorescent
lamps is arranged to satisfy the relationship of

a>b=c=d=ze=f. Such a liquid crystal display device can
control the brightness distribution due to the arrangement of
the cold cathode fluorescent lamps within the backlight
device thus obtaining a high-quality image display without
generating brightness irregularities.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2008-097028 filed on Apr. 3, 2008, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device using a direct backlight device having cold cath-
ode fluorescent lamps which is arranged on a back-surface
side of a liquid crystal display panel and radiates light-source
light to the liquid crystal display panel, and more particular to
the arrangement structure of a plurality of cold cathode fluo-
rescent lamps which is arranged in the inside of the backlight
device.

[0004] 2. Description of the Related Art

[0005] Recently, a liquid crystal display device has been
popularly used as a display means for various information-
terminal-use monitors including a personal computer, a
mobile phone or a television receiver set or the like. In such a
liquid crystal display device, an electronic image which is
formed on a liquid crystal display panel is visualized by
radiating light to the electronic image. With respect to min-
iaturized information equipment, there has been known infor-
mation equipment which adopts the structure in which ambi-
ent light is utilized as a light source for visualization.
However, to enable viewing of a favorable image on a rela-
tively large-sized screen irrelevant to a condition of ambient
light, many information equipment adopt the constitution in
which an illumination light source is provided to a liquid
crystal display panel, and an electronic image formed on the
liquid crystal display panel is illuminated by illumination
light radiated from the illumination light source.

[0006] With respect to the miniaturized liquid crystal dis-
play device, there has been known a liquid crystal display
device which has the structure in which a so-called front-light
device is arranged on a front surface of a liquid crystal display
panel or in the vicinity of a periphery of the liquid crystal
display panel as an illumination light source. However, with
respect to a notebook-type personal computer, a computer
monitor, a television receiver set or the like, an illumination
light source which is arranged on a back-surface side of a
liquid crystal display panel and is referred to as a backlight
device has been adopted.

[0007] The backlight device is roughly classified into two
kinds of backlight devices. One kind of backlight device is a
side-edge-type backlight device which is used in a notebook-
type personal computer or a computer monitor whose equip-
ment size in the depth direction is limited, and another kind of
backlight device is a direct backlight device which is used in
a relatively-large-sized computer monitor or a television
receiver set which is required to satisfy a demand for higher
brightness and is arranged directly below a back surface of a
liquid crystal display panel.

[0008] In these backlight devices, a cold cathode fluores-
cent lamp is mainly used as an illumination light source in
many cases. The side-edge-type backlight device which uses
the cold cathode fluorescent lamp is constituted by arranging
the cold cathode fluorescent lamp on a side of a light guide
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body arranged on a back surface of the liquid crystal display
panel and hence, the side-edge-type backlight device has an
advantage that the backlight device can have the relatively
compact constitution. However, the side-edge-type backlight
device has a disadvantage that light utilization efficiency is
low. On the other hand, the direct backlight device is consti-
tuted by arranging a plurality of cold cathode fluorescent
lamps parallel to each other on a back surface of a liquid
crystal display panel without arranging a light guide body and
hence, the direct backlight device has an advantage that the
direct backlight device can acquire high light utilization effi-
ciency. However, the direct backlight has a disadvantage that
a thickness of the backlight device per se becomes large.

[0009] For example, JP-A-2002-82626 (Patent document
1) discloses a backlight device which is constituted of a
plurality of straight-tube-type fluorescent lamps as a light
source, a light diffusion plate which is arranged on a liquid-
crystal-display-panel side of the respective cold cathode fluo-
rescent lamps, a polarization conversion film, a prism sheet,
and a reflection plate which is arranged on a back-surface side
of the respective cold cathode fluorescent lamps. Further, for
example, JP-A-6-75216 (Patent document 2) discloses a lig-
uid crystal display device which is configured such that such
a backlight device is arranged on a back-surface side of a
liquid crystal display panel and light-source light of the back-
light device is radiated to a back surface of the liquid crystal
display panel.

SUMMARY OF THE INVENTION

[0010] A liquid crystal display device according to the
present invention includes: a liquid crystal display panel in
which a liquid crystal layer is sandwiched between a first
light-transmitting substrate having pixel electrodes and a sec-
ond light-transmitting substrate having color filters, a first
polarizer is formed on a back surface of the first light-trans-
mitting substrate, and a second polarizer is mounted on a front
surface of the second light-transmitting substrate; and a back-
light device which is arranged on a back-surface side of the
liquid crystal display panel and supplies a light to the liquid
crystal display panel. The backlight device includes: a diffu-
sion plate which includes a light radiation surface for radiat-
ing diffusion light to the back surface of the liquid crystal
display panel; a plurality of cold cathode fluorescent lamps
which is arranged parallel to each other in a state that the cold
cathode fluorescent lamps face a back surface of the diffusion
plate in an opposed manner and radiates a light-source light to
the diffusion plate, and a reflection plate which is arranged to
face back surfaces of the plurality of cold cathode fluorescent
lamps and reflects the light-source light radiated from the
plurality of cold cathode fluorescent lamps to the diffusion
plate. The plurality of cold cathode fluorescent lamps are
arranged such that arrangement intervals of the plurality of
cold cathode fluorescent lamps at a center portion thereof
corresponding to a center portion of a display screen of the
liquid crystal display panel are set larger than the arrangement
intervals of the plurality of cold cathode fluorescent lamps at
peripheral portions thereof corresponding to peripheral por-
tions of the display screen of the liquid crystal display panel.
Due to such constitution, the brightness distribution within an
effective display area of the liquid crystal display panel is
enhanced and hence, a surface-light-source light which
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exhibits highly brightness uniformity is radiated to the back
surface of the liquid crystal display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 isa cross-sectional view of an essential part
of the constitution of a liquid crystal display device according
to one embodiment of the present invention;

[0012] FIG.2isa developed view of an essential part of the
constitution of a direct backlight device of the liquid crystal
display device shown in FIG. 1;

[0013] FIG. 3 is a perspective view showing an essential
part of the constitution of the backlight device shown in FIG.
2 after assembling;

[0014] FIG. 4 is a top plan view of an essential part of the
arrangement structure of a plurality of cold cathode fluores-
cent lamps which is arranged in the inside of the backlight
device shown in FIG. 2;

[0015] FIG. 5 is a cross-sectional view of an essential part
taken along a line A-A in FIG. 4;

[0016] FIG. 6 is a view showing the relationship of bright-
ness distribution in the arrangement structure in which the
plurality of cold cathode fluorescent lamps is arranged at
unequal intervals within an effective display area of the liquid
crystal display panel,

[0017] FIG. 7 is a view showing the relationship of bright-
ness distribution in the existing arrangement structure in
which a plurality of cold cathode fluorescent lamps is
arranged at equal intervals within an effective display area of
a liquid crystal display panel for a comparison purpose; and
[0018] FIG. 8is a view showing the relationship of bright-
ness distribution in the constitution of a backlight device
according to another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] A backlight device which is applied to a conven-
tional liquid crystal display device can enhance the brightness
by increasing the number of cold cathode fluorescent lamps.
However, the conventional liquid crystal display device has
drawbacks that the power consumption of the backlight
device is increased and a temperature of the backlight device
is elevated.

[0020] Further, when arrangement intervals of the cold
cathode fluorescent lamps arranged at a center portion of a
display screen of the liquid crystal display panel are set small
without increasing the number of the cold cathode fluorescent
lamps, arrangement intervals of the cold cathode fluorescent
lamps at peripheral portions of the display screen become
relatively large thus giving rise to a drawback that the bright-
ness at the peripheral portions is lowered whereby the bright-
ness uniformity of a display screen is lowered.

[0021] Itmay be possible to overcome this drawback relat-
ing to the uniformity of brightness to some extent with the use
of a reflection plate which is formed of an optical sheet and a
highly reflective member. However, there arises a new draw-
back that a material cost is pushed up.

[0022] The present invention has been made to overcome
the above-mentioned drawbacks of the prior art, and it is an
object of the present invention to provide a liquid crystal
display device which can acquire a high-quality image dis-
play which causes no brightness irregularities on a display
screen of a liquid crystal display panel by making use of a
direct backlight device having cold cathode fluorescent lamps
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which can enhance the brightness at a center portion of the
display screen, can decrease the lowering of brightness at a
peripheral portion of the display screen, and can enhance the
uniformity of brightness of the display screen.

[0023] To achieve the above-mentioned objects, the liquid
crystal display device according to the present invention has
the following constitutions.

[0024] (1) The liquid crystal display device of the present
invention includes a liquid crystal display panel and a back-
light device. The liquid crystal display panel is configured
such that a liquid crystal layer is sandwiched between a first
light-transmitting substrate having pixel electrodes and a sec-
ond light-transmitting substrate having color filters, a first
polarizer is formed on a back surface of the first light-trans-
mitting substrate, and asecond polarizeris mounted on a front
surface of the second light-transmitting substrate. The back-
light device is arranged on a back-surface side of the liquid
crystal display panel and supplies light to the liquid crystal
display panel. Further, the backlight device is constituted of a
diffusion plate which includes a light radiation surface for
radiating diffusion light to the back surface of the liquid
crystal display panel, a plurality of cold cathode fluorescent
lamps which is arranged parallel to each other in a state that
cold cathode fluorescent lamps face a back surface of the
diffusion plate in an opposed manner and radiates a light-
source light to the diffusion plate, and a reflection plate which
is arranged to face back surfaces of the plurality of cold
cathode fluorescent lamps and reflects the light-source light
radiated from the plurality of cold cathode fluorescent lamps
to the diffusion plate. Arrangement intervals of the plurality
of cold cathode fluorescent lamps at a center portion corre-
sponding to a center portion of a display screen of the liquid
crystal display panel are set larger than the arrangement inter-
vals of the plurality of cold cathode fluorescent lamps at
peripheral portions corresponding to peripheral portions of
the display screen of the liquid crystal display panel. Due to
such constitution, brightness distribution within an effective
display area of the liquid crystal display panel is enhanced, a
surface-light-source light having high brightness uniformity
is radiated to a back surface of the liquid crystal display panel
and hence, and the liquid crystal display device of the present
invention can overcome the above-mentioned drawbacks.

[0025] (2) According to another liquid crystal display
device of the present invention, in the above-mentioned con-
stitution (1), the plurality of cold cathode fluorescent lamps
are arranged such that the arrangement intervals of the plu-
rality of cold cathode fluorescent lamps are preferably set
equal or are gradually narrowed in the direction from the
center portion to the peripheral portions.

[0026] (3) According to still another liquid crystal display
device of the present invention, in the above-mentioned con-
stitution (1) or (2), assuming the arrangement intervals of the
plurality of cold cathode fluorescent lamps in the direction
from the center portion to the peripheral portion as “a”, “b”,
“c”, “d”, “e”, and “f” respectively, the plurality of cold cath-
ode fluorescent lamps may preferably be arranged to satisfy

[0027] (4) According to a further liquid crystal display
device of the present invention, in any one of the above-
mentioned constitutions (1) to (3), the plurality of cold cath-
ode fluorescent lamps may preferably be formed of an inter-
nal-electrode-type cold cathode fluorescent lamps or an
external-electrode-type cold cathode fluorescent lamp.
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[0028] Here, the present invention is not limited to the
above-mentioned constitutions, and various modifications
are conceivable without departing from the technical concept
of the present invention.

[0029] According to the present invention, with respect to
the plurality of cold cathode fluorescent lamps arranged in the
inside of the backlight device arranged on the back surface
side of the liquid crystal display panel, the arrangement inter-
vals of the plurality of cold cathode fluorescent lamps at the
center portion corresponding to the center portion of the
display screen of the liquid crystal display panel are set larger
than the arrangement intervals of the plurality of cold cathode
fluorescent lamps at the peripheral portions corresponding to
the peripheral portions of the display screen of the liquid
crystal display panel. Accordingly, without increasing the
number of cold cathode fluorescent lamps, the power con-
sumption, the elevation of temperature and the like, the low-
ering of brightness at the peripheral portions of the display
screen can be decreased, and the brightness distribution
within the effective display area can be enhanced and hence,
a surface-light-source light having high brightness unifor-
mity is radiated to the back surface of the liquid crystal
display panel whereby the liquid crystal display device can
acquire extremely excellent advantageous effects such as the
realization of a high-quality image display with no brightness
irregularities.

[0030] Hereinafter, specific embodiments of the liquid
crystal display device according to the present invention are
explained in detail in conjunction with drawings showing the
embodiments.

Embodiment 1

[0031] FIG. 1 is a longitudinal cross-sectional view of an
essential part of the constitution of a liquid crystal display
device according to one embodiment of the present invention.
InFIG. 1, the liquid crystal display panel 1 is constituted of a
first glass substrate 2 which is formed of a light-transmitting
glass plate, a second glass substrate 3 which is formed of a
light-transmitting glass plate, a liquid crystal layer which is
sandwiched between the first and second glass substrates 2, 3,
and electrodes or active elements and the like for forming
pixels which are formed on both or one of inner surfaces of the
first glass substrate 2 and the second glass substrate 3. Here,
the first glass substrate 2 on which active elements such as
thin film transistors (TFTs) are formed is referred to as an
active-matrix substrate, a glass substrate which uses thin film
transistors is also referred to as a TFT substrate, and the
second glass substrate 3 on which color filters are formed is
referred to as a filter substrate.

[0032] Further, a first polarizer 4 is stacked on a main
surface of the first glass substrate 2 (backlight-device side) by
adhesion or the like, and a second polarizer 5 is stacked on a
main surface of the second glass substrate 3 (display-surface
side) by adhesion or the like. Further, on a back-surface side
of the liquid crystal display panel 1, an optical compensation
sheet 6 is arranged. The optical compensation sheet 6 is
constituted by stacking a first diffusion sheet 7, a first prism
sheet 8, a second prism sheet 9 and a second diffusion sheet 10
by adhesion or the like in this order from a side which faces a
diffusion plate of a backlight device described later. Further,
adirect backlight device 11 is arranged on a back-surface side
of the optical diffusion sheet 6.

[0033] FIG.2 and FIG. 3 are views for explaining the con-
stitution of the direct backlight device which is arranged on a
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back-surface side of the liquid crystal display panel 1 shown
in FIG. 1, wherein FIG. 2 is a developed view of an essential
part of the liquid crystal display panel, and FIG. 3 is a per-
spective view of an essential part of the liquid crystal display
panel after assembling. As shown in these drawings, the back-
light device 11 is configured as follows. In the inside of a
frame 12 which is, for example, formed of a molded body
made of a resin material or a metal material, a reflection plate
13 is housed. The reflection plate 13 has an inner wall surface
thereof mirror-finished and is formed of a molded body of an
acrylic or a polycarbonate white resin material, for example.
In the inside of the reflection plate 13, a plurality of cold
cathode fluorescent lamps 14 is arranged parallel to each
other at unequal intervals (at arbitrary arrangement intervals)
described later. Further, at an upper opening end of the reflec-
tion plate 13, a diffusion plate 15 which includes a light
radiation surface 15a for diffusing light-source light to the
back-surface side of the liquid crystal display panel 1 is
arranged in a state that the diffusion plate 15 faces an arrange-
ment surface of the plurality of cold cathode fluorescent
lamps 14.

[0034] FIG. 4 and FIG. 5 are views for explaining the
arrangement structure of the plurality of cold cathode fluo-
rescent lamps which is arranged in the inside of the backlight
device 11, wherein FIG. 4 1s a plan view of an essential part of
the backlight device as viewed from above, and FIG. 5 is a
cross-sectional view of an essential part taken along a line
A-A in FIG. 4. Here, in these drawings, parts identical with
the parts shown in the above-mentioned drawings are given
same numerals, and their repeated explanation is omitted. In
these drawings, the plurality of cold cathode fluorescent
lamps 14 which is arranged parallel to each other in the inside
of the backlight device 11 at unequal intervals is arranged
such that an arrangement intervals of the of the cold cathode
fluorescent lamps 14 are set equal or are gradually narrowed
in the direction from a center portion thereof corresponding to
the center portion of the display screen to peripheral portions
thereof within an effective display area AR of the liquid
crystal display panel 1 shown in FIG. 1.

[0035] That is, as shown in FIG. §, within the effective
display area AR, assuming the arrangement intervals of the
cold cathode fluorescent lamps 14 in the direction from the
center portion thereof corresponding to the center portion of
the display screen to the peripheral portions thereof corre-
sponding to peripheral portions of the display screen as “a”,
“b”, “c”, “d”, “e”, and “f” respectively, the cold cathode
fluorescent lamps 14 are arranged to satisfy the relationship
of a>b=czdze={. Here, the arrangement interval “a” at the
center portion is an arrangement interval of the cold cathode
fluorescent lamps 14 by which a targeted screen-center-por-
tion brightness can be obtained.

[0036] FIG. 6 is a view showing the relationship of bright-
ness distribution of the arrangement structure in which the
plurality of cold cathode fluorescent lamps 14 is arranged at
unequal intervals within the effective display area AR of the
liquid crystal display panel 1 shown in FIG. 1. Further, FIG.
7 is a view showing the relationship of brightness distribution
of the existing arrangement structure in which the plurality of
cold cathode fluorescent lamps 14 is arranged at equal inter-
vals “p” within the effective display area AR for a comparison
purpose. Here, these distributions are measured values on a
light radiation surface 15a of the diffusion plate 15 shown in
FIG.1.InFIG. 6 and FIG. 7, numerical values 1 to 21 on a left
side of the drawings indicate points of measurement.
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[0037] Asshown in FIG. 6, the present invention adopts the
arrangement structure in which the plurality of cold cathode
fluorescent lamps 14 is arranged within the effective display
area AR of the liquid crystal display panel in a state that the
arrangement intervals of the cold cathode fluorescent lamps
14 satisfy the relationship of a>bZc=d=e=Tin the direction
from the center portion of the plurality of cold cathode fluo-
rescent lamps 14 to the peripheral portions of the plurality of
cold cathode fluorescent lamps 14. Due to such constitution,
whilekeeping a total luminous flux radiated from the plurality
of cold cathode fluorescent lamps 14 unchanged, by reducing
an amount of luminous flux at the center portion due to the
arrangement of the cold cathode fluorescent lamps 14, it is
possible to utilize such a reduced amount of luminous flux at
the peripheral portions. Accordingly, it is possible to largely
reduce the brightness difference between the maximum
brightness and the minimum brightness in a standard area SA
within the effective display area AR of the liquid crystal
display panel 1.

[0038] To the contrary, with respect to the existing arrange-
ment structure exemplified as a comparison example shown
in FIG. 7 in which the plurality of cold cathode fluorescent
lamps 14 is arranged at equal intervals “p” in the direction
from the center portion to the peripheral portions, although
the maximum brightness can be obtained at the center portion
in the standard area SA, the brightness distribution is gradu-
ally lowered in the direction from the center portion to the
peripheral portions and hence, the brightness difference
between the maximum brightness and the minimum bright-
ness 1s gradually increased.

[0039] Accordingly, it is evident that the arrangement
structure according to the embodiment explained in conjunc-
tion with FIG. 6 in which the plurality of cold cathode fluo-
rescent lamps 14 is arranged parallel to each other at unequal
intervals in the direction from the center portion to the periph-
eral portions can largely enhance the brightness distribution
within the effective display area AR thus acquiring brightness
uniformity.

[0040] Here, it may be considered that by setting the
arrangement interval “a” at the center portion of the plurality
of cold cathode fluorescent lamps 14 shown in FIG. 6 larger
than other arrangement intervals “b”, “c”, “d”, “e”, and “f”,
the brightness distribution characteristic at the center portion
is slightly lowered. However, it is found that no problem
arises in practical use of the liquid crystal display device
because such lowering is compensated by an amount of lumi-
nous flux generated by the plurality of other arranged cold
cathode fluorescent lamps 14.

[0041] Further, in FIG. 6 and FIG. 7, arrangement positions
of the cold cathode fluorescent lamps 14 which are respec-
tively arranged at upper and lower ends of the effective dis-
play area AR are not changed, and the cold cathode fluores-
cent lamps 14 are fixed at predetermined positions. Further, a
fixed tube current flows into all of the plurality of cold cathode
fluorescent lamps 14, and the measurement of brightness
distribution and the comparison of brightness distributions
are performed by simultaneously turning on the plurality of
cold cathode fluorescent lamps 14.

[0042] The backlight device having such constitution can,
without increasing the number of cold cathode fluorescent
lamps 14 in the inside of the backlight device 11, the power
consumption, the temperature elevation and the like, decrease
the lowering of brightness at the peripheral portions of the
liquid crystal display panel 1 and hence, the brightness dis-
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tribution within the effective display area AR can be enhanced
whereby it is possible to radiate a surface-light-source light
having high brightness uniformity to the back surface of the
liquid crystal display panel 1.

[0043] FIG. 8 is a view showing the relationship of bright-
ness distribution obtained by the constitution of a backlight
device according to another embodiment of the present inven-
tion. In this embodiment, a plurality of cold cathode fluores-
cent lamps is arranged at equal intervals within an effective
display area AR of a liquid crystal display panel 1. The cold
cathode fluorescent lamps which are arranged adjacent to
each other are arranged at an interval “p”. Further, with
respect to tube currents which flow into the cold cathode
fluorescent lamps, the tube current which flows into the cold
cathode fluorescent lamp arranged at a center portion of a
screen takes the smallest value, and the tube current which
flows into the cold cathode fluorescent lamps arranged at
peripheral portions of the screen takes the largest value. That
is, assuming the tube currents which flow in the respective
cold cathode fluorescent lamps arranged in order from the
cold cathode fluorescent lamp arranged at the center potion to
the cold cathode fluorescent lamps arranged at the peripheral
portions as “Ia”, “Ib”, “I¢”, “Id”, “Ie” and “If”, the relation-
ship of la<Ib=Ic=Id=Ie=If is established. By reducing an
amount of Tuminous flux at the center portion of the screen by
decreasing an amount of the tube current which flows into the
cold cathode fluorescent lamp arranged at the center portion
of the screen, it is possible to adjust the brightness difference
between the center portion of the screen and the peripheral
portions of the screen. Due to such constitution, it is possible
to largely reduce the brightness difference between the maxi-
mum brightness and the minimum brightness in a standard
area SA within an effective display area AR of the liquid
crystal display panel 1.

[0044] Further, in changing a tube current between the cold
cathode fluorescent lamp arranged at the center portion of the
screen and the cold cathode fluorescent lamp arranged at the
peripheral portion of the screen, it is possible to separately
control the tube current between the cold cathode fluorescent
lamps arranged in an upper-half region of the screen and the
cold cathode fluorescent lamps arranged in a lower-half
region of the screen. That is, in the upper-half region of the
screen, assuming tube currents as “Iau”, “Ibu”, “Icu”, “Idu”,
“leu” and “Ifu” respectively in the direction from the center
portion of the screen to the upper portion of the screen, the
relationship of lau<Ibu=lcu=Idu=leu=Ifu is established.
On the other hand, in the lower-half region of the screen,
assuming tube currents as “Tad”, “Ibd”, “Icd”, “Idd”, “Ted”
and “Ifd” respectively in the direction from the center portion
of the screen to the upper portion of the screen, the relation-
ship of lad<Ibd=Icd=Idd=Ied=Ifd is established. By per-
forming different controls between the upper side and the
lower side of the screen, it is possible to realize the control of
brightness which takes the temperature elevation into consid-
eration.

[0045] Further, with respect to the liquid crystal display
device which arranges the backlight device 11 having such
constitution on a back-surface side of the liquid crystal dis-
play panel 1, a surface-light-source light having a high
numerical aperture and high brightness uniformity is radiated
to the back surface of the liquid crystal display panel 1 from
the backlight device 11 and hence, the liquid crystal display
device can obtain a high quality image in which no brightness
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irregularities are generated between the center portion and the
peripheral portions of the display screen of the liquid crystal
display panel 1.

[0046] Here, in the above-mentioned embodiments, the
explanation has been made with respect to the constitution in
which, assuming the arrangement intervals of the plurality of
cold cathode fluorescent lamps 14 in the direction from the
center portion to the peripheral portion as “a”, “b”, “c”, “d”,
“e” and “f’, the cold cathode fluorescent lamps 14 are
arranged so as to satisfy the relationship of a>b=czdzez=f.
However, the present invention is not limited to the above-
mentioned constitution. As still another embodiment, the plu-
rality of cold cathode fluorescent lamps 14 may adopt the
following arrangement constitution which divides the effec-
tive display area AR shown in FIG. 6 into nine sections in
plane so as to provide the arrangement intervals of cold cath-
ode fluorescent lamps 14 separate from each other. That is, by
taking influence exerted by temperature characteristic
depending on use conditions including a manner of installa-
tion of the liquid crystal display device or the like into con-
sideration, the inside of the effective display area AR shown
in FIG. 6 is vertically divided into an upper portion and a
lower portion using an interval “a” at a center portion as a
boundary, the arrangement intervals of the cold cathode fluo-
rescent lamps are set so as to satisfy the relationship of
b,=c,Z=d, Ze, ={ inthe upper portion, and the arrangement
intervals of the cold cathode fluorescent lamps are set so as to
satisfy the relationship of b,Zc,2d,=Ze,2f, in the lower
portion. Due to such constitution, the liquid crystal display
device having such arrangement constitution can also acquire
advantageous effects substantially equal to the advantageous
effects of the above-mentioned embodiments.

[0047] Further, in the above-mentioned embodiments, the
plurality of cold cathode fluorescent lamps which constitutes
the cold-cathode-fluorescent-lamp direct backlight device is
not particularly limited with respect to a type of electrodes
thereof. It is needless to say that the liquid crystal display
device of the present invention can acquire advantageous
effects substantially equal to the advantageous effects of the
above-mentioned embodiments with the use of either one of
an internal-electrode-type cold cathode fluorescent lamp and
an external-electrode-type cold cathode fluorescent lamp.
[0048] In the above-mentioned embodiments, the explana-
tion has been made with respect to the liquid crystal display
device which mounts the cold-cathode-fluorescent-lamp
direct backlight device on the back-surface side of the liquid
crystal display panel. However, even when the present inven-
tion is applied to a display device which adopts the backlight
device having the above-mentioned constitution such as a
liquid crystal television receiver set, a large-sized liquid crys-
tal monitor, a vehicle-mounted liquid crystal display (liquid-
crystal car navigation), a mobile-phone-use display, a gam-
ing-machine-use liquid crystal display, a medical-use liquid
crystal monitor, a printing/designing-use liquid crystal moni-
tor or the like, the display device can acquire advantageous
effects substantially equal to the above-mentioned advanta-
geous effects.
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What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal display panel in which a liquid crystal layer
is sandwiched between a first light-transmitting sub-
strate having pixel electrodes and a second light-trans-
mitting substrate having color filters, a first polarizer is
formed on a back surface of the first light-transmitting
substrate, and a second polarizer is mounted on a front
surface of the second light-transmitting substrate;

abacklight device which is arranged on a back-surface side
of the liquid crystal display panel and supplies a light to
the liquid crystal display panel, wherein

the backlight device includes:

adiffusion plate which includes alight radiation surface for
radiating diffusion light to the back surface of the liquid
crystal display panel,

a plurality of cold cathode fluorescent lamps which is
arranged parallel to each other in a state that the cold
cathode fluorescent lamps face a back surface of the
diffusion plate in an opposed manner and radiates a
light-source light to the diffusion plate, and

areflection plate which is arranged to face back surfaces of
the plurality of cold cathode fluorescent lamps and
reflects the light-source light radiated from the plurality
of cold cathode fluorescent lamps to the diffusion plate,
and

the plurality of cold cathode fluorescent lamps are arranged
such that arrangement intervals of the plurality of cold
cathode fluorescent lamps at a center portion thereof
corresponding to a center portion of a display screen of
the liquid crystal display panel are set larger than the
arrangement intervals of the plurality of cold cathode
fluorescent lamps at peripheral portions thereof corre-
sponding to peripheral portions of the display screen of
the liquid crystal display panel.

2. A liquid crystal display device according to claim 1,
wherein the plurality of cold cathode fluorescent lamps are
arranged such that the arrangement intervals of the plurality
of cold cathode fluorescent lamps are set equal or are gradu-
ally narrowed in the direction from the center portion to the
peripheral portions.

3. A liquid crystal display device according to claim 1,
wherein assuming the arrangement intervals of the plurality
of cold cathode fluorescent lamps in the direction from the
center portion to the peripheral portion as “a”, “b”, “c”, “d”,
“e”, and “f” respectively, the plurality of cold cathode fluo-
rescent lamps is arranged to satisfy the relationship of
a>b=czdze=f.

4. A liquid crystal display device according to claim 1,
wherein the plurality of cold cathode fluorescent lamps is
formed of an internal-electrode-type cold cathode fluorescent
lamp.

5. A liquid crystal display device according to claim 1,
wherein the plurality of cold cathode fluorescent lamps is
formed of an external-electrode-type cold cathode fluores-
cent lamp.
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