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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device, and particularly, to a liquid crystal display
device made of a liquid crystal display panel and a backlight
disposed on the back side of the liquid crystal display panel

[0003] 2. Background Art

[0004] A liquid crystal is play device includes a vessel
made of transparent substrates disposed to be opposed to
each other with a liquid crystal interposed therebetween, and
multiple pixels formed in the spreading direction of the
liquid crystal

[0005] In this case, each of the pixels only has the function
of controlling the amount of light being transmitted through
the liquid crystal, and does not emit light in itself. For this
reason, ordinarily, a backlight is disposed on the back side
of the liquid crystal display panel.

[0006] This backlight is provided with not only a light
source but also a diffusing sheet and a reflector in order to
make uniform the irradiation of light onto the liquid crystal
display panel.

[0007] The light source uses a cold-cathode fluorescent
tube (CFL) having a length approximately equal to the
length of one side of the liquid crystal display panel, and is
made to function as an illuminant by a voltage being applied
to each of the electrodes formed to project from the opposite
ends of the tube.

[0008] However, in the liquid crystal display device hav-
ing such a construction, the life of the light source is not
sufficient, and it is no exaggeration to say that the life of the
liquid crystal display device is determined by the life of the
light source.

[0009] Specifically, during the lighting of the cold-cathode
fluorescent tube, an electrode substance in side the tube is
sputtered, and the electrode substance sticks to the tube wall.
This stuck electrode substance can be recognized as a black
substance at the out side of the tube.

[0010] The electrode substance which is stuck to the tube
wall is alloyed (forms an amalgam) with mercury in the
tube, and the consumption of mercury leads to the end of the
life of the cold-cathode fluorescent tube.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0011] The invention has been made in view of the above-
described problems, and an object of the invention is to
provide a liquid crystal display device the life of which can
be lengthened.

[0012] An other object of the invention is to provide a
liquid crystal display device in which it is possible to narrow
an arca called a picture frame (the area between the outline
of the outer frame of the liquid crystal display device and the
outline of its display part).

[0013] Representative aspects of the invention disclosed
herein will be described below in brief.
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[0014] A liquid crystal display device according to the
invention includes, for example, a liquid crystal display
panel having a display part in its central portion except its
periphery and a backlight disposed on a back side of the
liquid crystal display panel. The backlight includes a dis-
charge tube having electrodes at at least its opposite ends,
and the electrodes are disposed at the exterior of the dis-
charge tube. The opposite end portions of the discharge tube
where the respective electrodes are disposed are position to
be superposed on the periphery of the liquid crystal display
panel, and are bent with an angle with respect to the central
axis of the discharge tube.

[0015] In the liquid crystal display device constructed in
this manner, the electrodes of the discharge tube which
serves as a light source are disposed at the exterior of the
discharge tube; that is to say, the electrodes are not formed
in side the discharge tube. Accordingly, mercury in the
discharge tube is not consumed by electrodes, where by it is
possible to lengthen the life of the light source.

[0016] The opposite end portions of the discharge tube
where the respective electrodes are disposed are positioned
to be superposed on an area other than the display part of the
liquid crystal display panel, and are bent with an angle with
respect to the central axis of the discharge tube. Accordingly,
it is possible to narrow an area called a picture frame.

[0017] In the case of the construction in which the elec-
trodes of the discharge tube are disposed at the exterior the
re of, it has been confirmed that the discharge effect of the
discharge tube can been enhanced by increasing the width of
each of the electrodes along the axial direction of the
discharge tube.

[0018] Accordingly, in a case where the portions of the
electrodes are positioned to be superposed on the area other
than the display part of the liquid crystal display panel
without being bent, the width occupied by the area called a
picture frame becomes large. However, this disadvantage
can be solved by adopting the above-described construction.

[0019] Contrarily, in a case where it is not necessary to
narrow the width of the area of the picture frame, by bending
the opposite end portions of the discharge tube where the
respective electrodes are disposed, it is possible to increase
the lengths of the opposite end portions, and hence it is
possible to increase the width of each of the electrodes.
Accordingly, it is possible to enhance the discharge effect of
the discharge tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The invention Will become more readily appreci-
ated and understood from the following detailed description
of preferred embodiments of the invention when taken in
conjunction with the accompanying drawings, in which

[0021] FIG. 1 is an equivalent circuit diagram showing
one embodiment of the liquid crystal display device accord-
ing to the invention,

[0022] FIG. 2 is an exploded perspective view showing
one embodiment of the liquid crystal display device accord-
ing to the invention,

[0023] FIG. 3 is a plan view showing one embodiment of
a pixel of the liquid crystal display device according to the
invention;
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[0024] FIG. 4 is an exploded perspective view showing
one embodiment of a backlight of the liquid crystal display
device according to the invention;

[0025] FIG. 5 is a perspective view showing one embodi-
ment of a light source to be incorporated into the backlight
of the liquid crystal display device according to the inven-
tion;

[0026] FIGS. 6A and 6B are cross-sectional views show-
ing cross sections of a discharge tube which constitutes the
light source of the liquid crystal display device according to
the invention;

[0027] FIGS. 7A to 7C are graphs showing the illumi-
nance distribution of the light source of the liquid crystal
display device according to the invention;

[0028] FIGS. 8A and 8B area plan view and a cross-
sectional view showing one embodiment of the backlight of
the liquid crystal display device according to the invention;

[0029] FIG.9 is a graph showing the relationship between
the frequency of a power source and the average illuminance
of the backlight of the liquid crystal display device accord-
ing to the invention,

[0030] FIG. 10 is a perspective view showing one
embodiment of a resin frame of the liquid crystal display
device according to the invention;

[0031] FIG. 11 is an explanatory view showing one
embodiment of a high-frequency power source board dis-
posed on the reverse side of the resin frame of the liquid
crystal display device according to the invention;

[0032] FIG. 12 is a view including five side views show-
ing the construction of an assembly of the liquid crystal
display device according to the invention,

[0033] FIG. 13 is a cross-sectional view showing another
embodiment of the liquid crystal display device according to
the invention;

[0034] FIGS. 14A to 14C are explanatory views showing
other embodiments of the light source of the liquid crystal
display device according to the invention,

[0035] FIGS. 15A and 15B are views showing the con-
struction of another embodiment of the backlight unit of the
liquid crystal display device according to the invention,

[0036] FIGS. 16A, 16B and 16C are explanatory views
showing the advantage of the embodiment shown in FIGS.
15A and 15B;

[0037] FIG. 17 is a graph showing the advantage obtained
by increasing the lengths of the electrodes of the discharge
tube

[0038] FIG. 18 is a graph showing the advantage obtained
by increasing the lengths of the electrodes of the discharge
tube

[0039] FIG. 19 is a view showing the equivalent circuit of
the discharge tube which causes a discharge

[0040] FIG. 20 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention ;
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[0041] FIG. 21 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0042] FIG. 22 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0043] FIG. 23 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention;

[0044] FIG. 24 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention,

[0045] FIG. 25 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention,

[0046] FIG. 26 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0047] FIG. 27 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0048] FIG. 28 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0049] FIG. 29 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0050] FIG. 30 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention,

[0051] FIG. 31 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention;

[0052] FIG. 32 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention,

[0053] FIG. 33 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0054] FIG. 34 is a construction view showing another
embodiment of a discharge tube to be provided in the
backlight unit of the liquid crystal display device according
to the invention

[0055] FIG. 35 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention

[0056] FIG. 36 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention;

[0057] FIG. 37 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention;

[0058] FIG. 38 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention FIGS. 39A and
39B are construction views showing an other embodiment of



US 2002/0041268 Al

a discharge tube to be provided in the backlight unit of the
liquid crystal display device according to the invention,

[0059] FIG. 40 is a construction view showing another
embodiment of a discharge tube to be provided in the
backlight unit of the liquid crystal display device according
to the invention; and

[0060] FIG. 41 is a construction view showing another
embodiment of the backlight unit of the liquid crystal
display device according to the invention.

DETAILED DESCRIPTION

[0061] Preferred embodiments of a liquid crystal display
device according to the invention will be described below
with reference to the accompanying drawings.

Embodiment 1

Equivalent Circuit of Liquid Crystal Display
Device

[0062] FIG. 1 is an equivalent circuit diagram showing
one embodiment of a liquid crystal display device according
to the invention. FIG. 1 is a circuit diagram which is
depicted to correspond to an actual geometrical arrange-
ment.

[0063] In Embodiment 1, the invention is applied to a
liquid crystal display device adopting a so-called in-plane-
switching mode which is known as a mode having a wide
viewing angle.

[0064] In FIG. 1, there is shown a liquid crystal display
panel 1. This liquid crystal display panel 1 has a vessel made
of transparent substrates 1A and 1B disposed to be opposed
to each other with a liquid crystal interposed there between.
In this case, one of the transparent substrates (in FIG. 1, a
lower substrate: the matrix substrate 1A) is formed to be
slightly larger in size than the other transparent substrate (in
FIG. 1, an upper substrate: the color filter substrate B). As
shown in FIG. 1, the transparent substrates 1A and 1B are
disposed in such a manner that the bottom and right periph-
eral edges of one of the transparent substrates 1A and 1B
approximately coincide with those of the other.

[0065] Accordingly, as viewed in FIG. 1, the left and top
peripheries of the transparent substrate 1A are disposed to be
extended outwardly from those of the other transparent
substrate 1B. As will be described later in detail, the portion
of the transparent substrate 1A that is disposed to be
extended outwardly from the transparent substrate 1B is
used as an area in which the gate driver circuits 5 and drain
driver circuits 6 are mounted.

[0066] Pixels 2 are disposed in matrix form in the area in
which the transparent substrates 1A and 1B are superposed
on each other. Scanning signal lines 3 are disposed to be
extended in the x direction and to be juxtaposed in the y
direction as viewed in FIG. 1, while video signal lines 4 are
disposed to be extended in the y direction and to be
juxtaposed in the x direction as viewed in FIG. 1, and the
respective pixels 2 are formed in areas each of which is
surrounded by adjacent ones of the scanning signal lines 3
and adjacent ones of the video signal lines 4. Each of the
pixels 2 is provided with at least a switching element TFT
to be driven by the supply of a scanning signal from one of
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the adjacent scanning signal lines 3, and a pixel electrode to
which apply a video signal to be supplied from one of the
adjacent video signal lines 4 via this switching element TFT.

[0067] InEmbodiment 1, each of the pixels 2 is of the type
which adopts the so-called in-plane-switching mode as
described above, and is also provided with a counter elec-
trode and an added capacitance element in addition to the
switching element TFT and the pixel electrode, as will be
described later.

[0068] Each of the scanning signal lines 3 has one end (in
FIG. 1, the left end) disposed to be extended to the outside
of the transparent substrate 1B, and is connected to the
output terminal of the corresponding one of the gate driver
circuits (ICs) 5 mounted on the transparent substrate 1A.

[0069] In this case, plural gate driver circuits 5 are dis-
posed, and mutually adjacent ones of the scanning signal
lines 3 are grouped and each of the grouped scanning signal
lines 3 is connected to the proximate one of the gate driver
circuits 5.

[0070] Similarly, each of the video signal lines 4 has one
end (in FIG. 1, the top end) disposed to be extended to the
outside of the transparent substrate 1B, and is connected to
the output terminal of the corresponding one of the drain
driver circuits (IC) 6 mounted on the transparent substrate
1A.

[0071] In this case, plural drain driver circuits 6 are
disposed, and mutually adjacent ones of the video signal
lines 4 are grouped and each of the grouped video signal
lines 4 is connected to the proximate one of the correspond-
ing one of the drain driver circuits 6.

[0072] A control circuit board 10 (a control circuit board
10) is disposed in proximity to the liquid crystal display
panel 1 on which the gate driver circuits 5 and the drain
driver circuits 6 are mounted in the above described manner,
and a control circuit 12 for supplying input signals to the
gate driver circuits 5 and the drain driver circuits 6 is
mounted on the control circuit board 10 in addition to a
power supply circuit 11 and others.

[0073] Signals from the control circuit 12 are supplied to
the gate driver circuits 5 and the drain driver circuits 6 via
flexible printed wiring boards (a gate circuit board 15, a
drain circuit board 16A and a drain circuit board 16B).

[0074] Specifically, a flexible printed wiring board (the
gate circuit board 15) which is provided with terminals
oppositely connected to the input terminals of the respective
gate driver circuits 5 is arranged on the side of the gate driver
circuits 5.

[0075] A portion of the gate circuit board 15 is formed to
be extended to the control circuit board 10, and the gate
circuit board 15 is connected to the control circuit board 10
via a connecting part 18 at the extended portion.

[0076] The output signals from the control circuit 12
mounted on the control circuit board 10 are inputted to the
respective gate driver circuits 5 via interconnection layers on
the control circuit board 10, the connecting part 18 and
interconnection layers on the gate circuit board 15.

[0077] The drain circuit boards 16A and 16B each of
which is provided with terminals oppositely connected to the
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input terminals of the respective drain driver circuits 6 are
disposed on the side of the drain driver circuits 6.

[0078] Portions of the drain circuit boards 16A and 16B
are formed to be extended to the control circuit board 10, and
are connected to the control circuit board 10 via connecting
parts 19A and 19B at the extended portions, respectively.

[0079] The output signals from the control circuit 12
mounted on the control circuit board 10 are inputted to the
drain circuit boards 16A and 16B via the interconnection
layers on the control circuit board 10, the respective con-
necting parts 19A and 19B, and inter connection layers on
the respective drain circuit boards 16A and 16B.

[0080] The drain circuit boards 16A and 16B on the side
of the drain driver circuits 6 are provided as two separate
circuit boards, as shown in FIG. 1. This is intended to
prevent, for example, harmful effects caused by thermal
expansion due to an increase in the x direction of FIG. 1 in
the length of either of the drain circuit boards 16A or 16B
which accompanies an increase in the size of the liquid
crystal display panel 1.

[0081] The out put signals from the control circuit 12
mounted on the control circuit board 10 are inputted to the
corresponding drain driver circuits 6 via the connecting part
19A of the drain circuit board 16A and the connecting part
19B of the drain circuit board 16B.

[0082] In addition, a video signal is supplied from a video
signal source 22 to the control circuit board 10 through a
cable 23 via an interface circuit board 24, and is inputted to

the control circuit 12 mounted on the control circuit board
10.

[0083] In FIG. 1, the liquid crystal display panel 1, the
gate circuit board 15, the drain circuit boards 16A and 16B
and the control circuit board 10 are shown to be positioned
in approximately the same plane. Actually, the control
circuit board 10 is bent at a portion where the gate circuit
board 15 and the drain circuit boards 16A and 16B are
mounted, and is positioned at approximately right angles to
the liquid crystal display panel 1.

[0084] This construction is intended to reduce the area of
a so-called frame. The term frame used herein means the
area between the outline of the outer frame of the liquid
crystal display device and the outline of its display part, and
by reducing this area, it is possible to obtain the advantage
of increasing the area of the display part with respect to the
outer frame.

Module of Liquid Crystal Display Device

[0085] FIG. 2 is an exploded perspective view showing
one embodiment of a module of a liquid crystal display
device according to the invention.

[0086] The liquid crystal display device shown in FIG. 2
includes major parts such as a liquid crystal display panel
module 400, a backlight unit 300, a resin frame 500, an
inside frame 700 and an upper frame 800, all of which are
assembled in a module form.

[0087] Incidentally, in this embodiment, a reflector which
constitutes part of the backlight unit 300 is formed at the
bottom of the resin frame 500. The resin frame 500 and the

Apr. 11, 2002

backlight unit 300 are difficult to physically distinguish from
each other, but can be functionally distinguished as
described above.

[0088] These members will be described below in order
Liquid Crystal Display Panel Module
[0089] This liquid crystal display panel module 400

includes the liquid crystal display panel 1, the gate driver
ICs § and the drain driver ICs 6 which are respectively made
of plural semiconductor ICs mounted on the periphery of the
liquid crystal display panel 1, and the flexible gate circuit
board 15 and drain circuit boards 16 (16A and 16B) which
are connected to the corresponding ones of the driver ICs §
and 6.

[0090] Specifically, the output from the control circuit
board 10 to be described later in detail is inputted to the gate
driver ICs 5 and the drain driver ICs 6 on the liquid crystal
display panel 1 via the gate circuit board 15 and the drain
circuit boards 16A and 16B, respectively, and the outputs
from the gate driver ICs § and the drain driver ICs 6 are
inputted to the corresponding ones of the scanning signal
lines 2 and the video signal lines 3 of the liquid crystal
display panel 1.

[0091] The liquid crystal display panel 1 has a display area
part which is made of multiple pixels disposed in matrix
form, as described above, and one of pixels is shown in FIG.

3

[0092] Referring to FIG. 3, the scanning signal lines 3 and
counter voltage signal lines 50 are formed to be extended in
the x direction on the main surface of the matrix substrate
1A. As shown in FIG. 3, the area which is surrounded by the
signal lines 3 and 50 as well as the video signal lines 4 which
are formed to be extended in the y direction as will be
described later, is formed as a pixel area.

[0093] In other words, in this embodiment, the counter
voltage signal line 50 is formed to run between the adjacent
scanning signal lines 3, and pixel areas are respectively
formed to extend in the +y directions from the counter
voltage signal line 50.

[0094] With this construction, it is possible to reduce the
number of the counter voltage signal lines 50 juxtaposed in
the y direction to approximately half of the conventionally
required number, where by it is possible to assign the areas
occupied by the counter voltage signal lines 50 to the pixel
areas and increase the total area of the pixel areas.

[0095] 1In each of the pixel areas, for example, three
counter electrodes SOA which are disposed to be extended in
the y direction are formed at equal intervals integrally with
the counter voltage signal line 50. These counter electrodes
50A are not connected to but extended to positions close to
the scanning signal line 3, and two outside ones of the
counter electrodes S0A are disposed adjacently to the
respective video signal lines 3 and the remaining one is
positioned in the center between the two outside ones.

[0096] Furthermore, an insulating film made of, for
example, silicon nitride film is formed to cover the scanning
signal line lines 3, the counter voltage signal lines 50 and the
counter electrodes S0A on the main surface of the transpar-
ent substrate 1A on which scanning signal lines 3 and the
like are formed in the above-described manner. This insu-
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lating film functions as an interlayer insulating film for
insulating the video signal lines 2 (to be described later)
from the scanning signal lines 3 and the counter voltage
signal line 50, and also functions as a gate insulating film for
the thin film transistor TFT and as a dielectric film for a
storage capacitor Cstg.

[0097] On the surface of the insulating film, a semicon-
ductor layer 51 is formed in an area in which the thin film
transistor TFT is formed. This semi conductor layer 51 is
made of, for example, amorphous Si, and is formed to be
superposed on the scanning signal line 3 in a portion close
to one of the video signal lines 2 which will be described
later. Thus, part of the scanning signal line 3 serves as the
gate electrode of the thin film transistor TFT.

[0098] The video signal lines 2 which are extended in the
y direction and juxtaposed in the x direction are formed on
the surface of the insulating film. Each of the video signal
lines 2 is integrally provided with a drain electrode 2A which
is formed to be extended to a portion of the surface of the
semiconductor layer 51 which constitutes the thin film
transistor TFT.

[0099] Furthermore, a pixel ¢lectrode 53 which is con-
nected to a source electrode 53A of the thin film transistor
TFT is formed on the surface of the insulating film in the
pixel area. This pixel electrode 53 is formed to extend in the
y direction in the center between each of the counter
electrodes 50A. Specifically, one end of the pixel electrode
53 also serves as the source electrode 53A of the thin film
transistor TFT, and the pixel electrode 53 is extended in the
y direction toward the counter voltage signal line 50 and is
further extended in the x direction along the counter voltage
signal line 50, and is again extended in the y direction so as
to form a C-like shape.

[0100] The portion of the pixel electrode 53 which is
superposed on the counter voltage signal line 50 constitutes
the storage capacitor Cstg which uses the above-described
insulating film as its dielectric film, in the region between
the pixel electrode 53 and the counter voltage signal line 50.
The storage capacitor Cstg serves the effect of storing video
information in the pixel electrode 33 for a long time, for
example, when the thin film transistor TFT is off.

[0101] The surface of the semiconductor layer 51 which
corresponds to the interface between the drain electrode 2A
and the source electrode S3A of the thin film transistor TFT
is doped with phosphorus (P) to form a high-concentration
layer, thereby providing ohmic contact at each of the drain
electrode 2A and the source electrode 53A. The high-
concentration layer is formed on the entire surface of the
semiconductor layer 51, and after the drain electrodes 2A
and the source electrodes 53A have been formed, electrodes
2A and 53A are used as a mask to etch the high-concentra-
tion layer except the area in which the electrodes 2A and
53A are formed, there by forming the above-described
construction.

[0102] Then, a protective film made of, for example,
silicon nitride film is formed on the upper surface of the
insulating film on which the thin film transistors TFT, the
video signal lines 2, the pixel electrodes 53 and the storage
capacitors Cstg are formed in the above-described manner,
and an alignment film is formed on the upper surface of the
protective film, to constitute a so-called lower substrate of
the liquid crystal display panel 1.
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[0103] although not shown, a black matrix (denoted by
reference numeral 54 in FIG. 3) which has apertures in
portions corresponding to the respective pixel areas is
formed in a liquid-crystal-side portion of the transparent
substrate (color filter substrate) 11B which constitutes a
so-called upper substrate.

[0104] Furthermore, color filters are formed to cover the
apertures formed in the portions of the black matrix 54
which correspond to the respective pixel areas. These color
filters have colors which differ between adjacent pixel areas
in the x direction, and the respective color filters have
boundaries on the black matrix 54.

[0105] A flat film made of resin film or the like is formed
over the surface on which the black matrix 54 and the color
filters are formed in this manner, and an alignment film is
formed on the surface of the flat film

Backlight

[0106] The backlight unit 300 is disposed on the back side
of the liquid crystal display panel module 400.

[0107] This backlight unit 300 is a so-called direct back-
light and includes, as shown in detail in FIG. 4, plural in
FIG. 4, cight) lincar light sources 35 disposed to be
extended in the x direction and to be juxtaposed in the y
direction in such a manner as to be spaced equally apart from
one another, and a reflector 36 for irradiating the liquid
crystal display panel module 400 with light from Light
sources 33.

[0108] This reflector 36 is formed in a shape which is
wavy in the juxtaposition direction (y direction) of the light
sources 35. Specifically, the reflector 36 has concave por-
tions each of which is arc-shaped in cross section, at
locations where the respective light sources 35 are disposed,
and convex portions each of which is slightly acute between
adjacent ones of the light sources 35, whereby the reflector
36 has a shape capable of efficiently irradiating the liquid
crystal display panel module 400 with light from all the light
sources 35.

[0109] In this case, the reflector 36 has side walls 37
provided along opposite sides perpendicular to the longitu-
dinal direction of the light sources 35, and the opposite ends
of each of the light sources 35 are fitted in the corresponding
ones of slits 38 which are formed in the side walls 37,
whereby the travels of the light sources 35 in the juxtapo-
sition direction thereof are restricted.

[0110] Each of the light sources 35 includes a discharge
tube 35¢ and, for example, six electrodes fitted on the
periphery of the discharge tube 354, and these electrodes are
spaced a predetermined distance apart from one another
along the axial direction of the discharge tube 335a.

[0111] Each of the electrodes is made of, for example, a
ring-shaped aluminum foil, and the discharge tube 354 is
inserted through the rings of the respective electrodes. In
Embodiment 1, means for securing each of the electrodes to
the discharge tube 35a is absent, whereby the position of
each of the electrodes with respect to the discharge tube 354
can be corrected to a small extent in the axial direction
thereof. The advantage of this construction will be described
later in detail.
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[0112] The electrodes of each of the light sources 35 are
respectively connect ed to the corresponding electrodes of
the adjacent one by conductive lines so that some of the
electrodes are grounded and the other ones are supplied with
electricity. In other words, the light sources 35 are connected
in parallel with one another so that they are supplied with
electricity.

[0113] FIG. 5 is a perspective view showing the detailed
construction of one of the light sources 35. As shown in
FIG. 5, ground-side electrodes 354 are provided at approxi-
mately the middle of the discharge tube 35z and at the
opposite ends thereof, and high-voltage-side electrodes 35¢
are provided between those ground-side electrodes 35d.

[0114] The ground-side electrode 354 which is positioned
at the middle of the discharge tube 354 is made of two
electrodes which are electrically separated from each other,
and the two electrodes of each of the discharge tubes 354 are
respectively connected to the corresponding electrodes of
the adjacent one by conductive lines, and the conductive
lines are connected to each other and are grounded.

[0115] FIG. 6A is a cross-sectional view showing the
construction of the discharge tube 354, and FIG. 6B is a
cross-sectional view taken a long line b-b of FIG. 6A. A
glass tube 35p has a cylindrical shape closed at its opposite
ends (for example, 2.6 mm in outer diameter, 2.0 mm in
inner diameter, and 390 mm in length), and the inner wall
surface of the glass tube 35p is coated with a phosphor 35¢.
A Ne+Ar (5%) mixed gas having a gas pressure of 60 Torr
and mercury are sealed in the glass tube 35p.

[0116] In the case of the light source 35 having the
above-described construction as shown in FIG. 5, when, for
example, a sinusoidal high-frequency voltage of several
MHz (1. 5 MHz or more) and approximately 800 Vp-p is
applied to the high-voltage-side electrodes 35¢, discharge is
generated in the discharge tube 35z, and ultraviolet rays
generated from the discharge strike the phosphor 35¢ to
generate visible light

[0117] In this case, the discharge is generated between the
ground-side electrode 354 (1) and the high-pressure-side
electrode 35¢ (1) as well as between the high-pressure-side
electrode 35¢ (1) and the ground-side electrode 35d (2) as
viewed from one end of the discharge tube 354, and between
the ground-side electrodes 354 (3) and the high-pressure-
side electrode 35¢ (2) as well as between the high-pressure-
side electrode 35¢ (2) and the ground-side electrodes 354 (3)
as viewed from the other end of the discharge tube 35a.

[0118] In this case, since not the high-voltage-side elec-
trodes 35cbut the ground-side electrodes 35d are respec-
tively disposed at the opposite ends of the discharge tube
354, the efficiency of discharge can be increased. The reason
for this is that if the high-voltage-side electrodes 35¢ a
respectively disposed at the opposite ends of the discharge
tube 354, only high-frequency electric fields generated on
one side (on a side adjacent to the ground-side electrode)
contribute to discharge, and high-frequency electric fields
generated on the other sides (on the opposite end sides of the
discharge tube 354) are wasted. In other words, the waste of
energy can be prevented by disposing the ground-side elec-
trodes 35d on the opposite sides of each of the high-voltage-
side electrodes 35¢, whereby it is natural to adopt the
construction in which the respective ground-side electrodes
35d are disposed at the opposite ends of the discharge tube
35a.
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[0119] As described above, the ground-side electrode 35d
disposed in the middle of the discharge tube 35a is made of
the two electrodes 35d (2) and 35d ( 3) which are electrically
separated from each other.

[0120] The reason for this is that if the ground-side
electrode 35d is made of one electrode instead of two
electrodes which are electrically separated from each other,
there may occur the phenomenon that a strong discharge is
generated between the ground-side electrode 354 and either
one of the high-voltage-side electrodes 35¢ (1) and 35¢ (2)
which are disposed adjacently to the ground-side the elec-
trode 35d.

[0121] For this reason, the ground-side electrode disposed
between the high-voltage-side electrodes is constituted by
separate electrodes which are respectively paired with the
high-voltage-side electrodes, whereby uniform discharge
can be effected.

[0122] FIGS. 7A to 7C show data indicative of the axial
distribution of the illuminance of the light source 35 con-
structed in the above-described manner.

[0123] By way of example, FIGS. 7A to 7C show the case
of a 390-mm-long discharge tube 390 having electrodes
disposed as shown in FIG. §.

[0124] FIGS. 7A, 7B and 7C show the case of 800 Vp-p,
the case of 900 Vp-p and the case of 1,000 Vp-p, respec-
tively.

[0125] Asis apparent from graphs, approximately uniform
illuminance can be obtained except portions close to the
respective electrodes.

[0126] FIG. 8A is a plan view showing the backlight unit
300 observed from the side where the liquid crystal display
unit 400 is disposed. FIG. 8B is a cross-sectional view taken
along line b-b of FIG. 8A.

[0127] In the area of the backlight unit 300 that is opposed
to at least the liquid crystal display unit 400, eight light
sources 35 which are linearly extended in the x direction as
viewed in FIG. 8A are juxtaposed to be spaced at nearly
equal intervals in the y direction as viewed in FIG. 8A.
Light from the light sources 35 is irradiated onto the liquid
crystal display unit 400 directly or by being reflected by the
reflector 36, whereby the back light unit 300 serves the
function of a surface light source.

[0128] 1In this case, there may be a risk that light irradia-
tion becomes non-uniform in the region between each of the
adjacent light sources 35 and in the regions where the
respective light sources 35 are formed. This disadvantage
can be fully solved by a reflector 60 disposed to be inter-
posed between the backlight unit 300 and the liquid crystal
display unit 400.

[0129] In this case, the reflector 60 need not necessarily be
limited to the aforesaid type of reflector, and may use any
kind of means that can make uniform the illuminance of
light irradiated onto the liquid crystal display panel 1 from
the backlight unit 300.

[0130] FIG. 9 is a graph showing the relationships
between the frequency of a power source and the average
illuminance obtained through the reflector 60 in each of the
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examples shown in FIGS. 7A, 7B and 7C. As is apparent
from this graph, as the frequency is increased, the average
illuminance is im proved.

[0131] Asdescribed above, according to the backlight unit
300 constructed in this manner, in each of the light sources
35, its electrodes are disposed to be fitted on the periphery
of its discharge tube, that is to say, the electrodes are not
formed in the discharge tube, whereby the mercury inside
the tube can be prevented from being consumed owing to
electrodes.

[0132] Accordingly, it is possible to lengthen the life of the
light sources 35 and it is, therefore, possible to improve the
life of the liquid crystal display device.

[0133] In addition, as described above, the ground-side
electrodes 354 and the high-voltage-side electrodes 35¢ of
each of the light sources 35 can be moved with respect to the
discharge tube 35¢ in the axial direction thereof, whereby by
moving those electrodes 35d and 35c¢ to a slight extent, it is
possible to make the adjustment of making uniform the
illuminances between the high-voltage-side electrodes 35¢
and the ground-side electrodes 35d of each of the light
sources 35 and it is, therefore, possible to obtain the back-
light unit 300 having a uniform surface illuminance.

Resin Frame

[0134] This resin frame 500 constitutes part of the outer
frame of the liquid crystal display device assembled in a
module form, and is constructed to accommodate the back-
light unit 300.

[0135] The resin frame 500 has the shape of a box having
a bottom and sides, and a diffusing sheet (not shown)
disposed to cover the backlight unit 300 can be placed on the
upper ends of the sides.

[0136] This reflect or has the function of diffusing light
from each of the light sources 35 of the backlight unit 300,
whereby uniform light having even brightness can be irra-
diated onto the liquid crystal display unit 400.

[0137] In this construction, the resin frame 500 is formed
to be comparatively small in wall thickness. This is because
the resultant decrease in the mechanical strength of the resin
frame 500 can be compensated for by the inside frame 700
which will be described later.

[0138] Incidentally, a high-frequency power source board
(for example, an AC/AC inverter) 40 for supplying a high-
frequency voltage to the light sources 35 can be secured to
the back side of the resin frame 500.

[0139] Connecting lines extended from the high-fre-
quency power source board 40 are connected to the high-
voltage-side electrodes 35¢ and the ground-side electrodes
35d of each of the light sources 35.

[0140] FIG. 10 is a view showing the reverse side of the
resin frame 500, that is, the side of the resin frame 500
opposite to the side where the backlight unit 300 is disposed.

[0141] As is apparent from FIG. 10, the resin frame 500
has projecting parts S00A which are formed to extend along
the sides of the resin frame 500 that are parallel to the x
direction as viewed in FIG. 10.
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[0142] Specifically, the resin frame 500 is formed so that
each of a pair of opposite sides (the sides parallel to the x
direction) has a side portion 500B which extends to the back
side of the resin frame 500 as viewed from the observation
side of the liquid crystal display device.

[0143] The reason for this is that it is possible to obtain the
advantage that the resin frame 500 can be imparted a
strength against twists due to reverse rotational forces on the
diagonal lines of the resin frame 500, and it is also possible
to impart sufficient strength to a case constituted by the
combination of the resin frame 500 and the inside frame 700
which will be described later.

[0144] As will be apparent from a later description, each
of the projecting parts S00A is formed to be larger in height
that the high-frequency power source board 40, so that the
projecting parts S00A are comparatively large. As described
above, the control circuit board 10 is disposed to be closely
opposed to one of the side portions 500B (actually, with the
inside frame 700 interposed there between).

[0145] Accordingly, it is possible to provide the advantage
that the control circuit board 10 which is complicated in
circuit construction may be constructed as a large-sized
circuit board.

[0146] In this case, the control circuit board 10 also has the
advantage of having an electromagnetic-wave shielding
function, because the inside frame 700 is present between
the liquid crystal display unit 400 and the control circuit
board 10.

[0147] Incidentally, in this embodiment, the respective
projecting parts SO0A are provided on the sides parallel to
the x direction, but are not limited to this arrangement. It
goes without saying that even if the projecting parts S00A
are provided on the other sides parallel to the y direction, it
is possible to obtain similar advantages.

High-Frequency Power Source Board

[0148] FIG. 11 is a view showing the high-frequency
power source board 40 disposed on the reverse side of the
resin frame 500.

[0149] This high-frequency power source board 40 is
provided with transformers 71 the number of which is
equivalent to the number (in this embodiment, eight) of the
light sources 35 of the backlight unit 300.

[0150] However, the transformers 71 need not necessarily
be disposed so that the number of the transformers 71 is
equivalent to that of the light sources 35. It goes without
saying that one transformer may be allocated to a set of two,
four or eight light sources.

[0151] The high-frequency power source board 40 is dis-
posed via the shield sheet 72 which is made of a metal and
secured to the reverse side of the resin frame 500, and an
aperture 72A is provided in a portion of the shield sheet 72
(a portion approximately equivalent to the area in which the
high-frequency power source board 40 is mounted). This is
because it is necessary to prevent eddy currents from occur-
ring in the shield sheet 72 owing to the transformers 71, and
also because interconnection layers are formed on the high-
frequency power source board 40 and the high-frequency
power source board 40 itself has a shielding function.
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[0152] The DC/AC inverter board 40 secured in this
manner, inclusive of its mounted components, has a height
which does not allow any of them to project from the
projecting parts S00A of the resin frame 500.

[0153] In other words, the projecting parts 500A of the
resin frame 500 are set to be so high as not to allow the
high-frequency power source board 40 including the
mounted components to project from the projecting parts
500A of the resin frame 500.

Inside Frame

[0154] The inside frame 700 is disposed between the
liquid crystal display unit 400 and the diffusing sheet (not
shown).

[0155] This in side frame 700 is made of a metal plate
which is comparatively thin in wall thickness and has an
aperture 42 formed in a portion equivalent to the display area
part of the liquid crystal display unit 400.

[0156] The inside frame 700 has the function of pressing
the diffusing sheet against the resin frame 500 and the
function of enabling the liquid crystal display unit 400 to be
mounted on the inside frame 700.

[0157] Spacers 44 for positioning a liquid crystal display
panel 100 are secured to part of the upper surface of the
inside frame 700 on which the liquid crystal display unit 400
is to be mounted. Owing to spacers 44, the liquid crystal
display panel 100 can be accurately positioned with respect
to the inside frame 700.

[0158] The inside frame 700 has the shape of being
formed integrally with sides 46, that is, the shape in which
the aperture 42 is formed in the bottom of the metal plate
having an approximately box-like shape.

[0159] The inside frame 700 having this shape is fitted in
to the resin frame 500 with the diffusing sheet interposed
therebetween. In other words, the inside frame 700 is placed
in the resin frame 500 so that the inside walls of the sides 46
are respectively opposed to the outside walls of the sides of
the resin frame 500.

[0160] The metal-plate inside frame 700 constructed in
this manner constitutes one frame (case) together with the
resin frame 500, and can improve the mechanical strength of
the resin frame 500 without increasing the wall thickness
thereof.

[0161] That is to say, even if the inside frame 700 and the
resin frame 500 are not sufficient in mechanical strength,
their mechanical strength is improved by fitting the inside
frame 700 into the resin frame 500 in the above-described
manner, whereby the case has a strength against twists about
the diagonal lines.

[0162] In addition, the projecting parts S00A formed on
the resin frame 500 serve to increase the mechanical strength
against twists about the diagonal lines of the case.

[0163] Accordingly, it is possible to obtain the advantage
of ensuring a sufficient strength without enlarging a so-
called picture frame in the module of the liquid crystal
display device.

[0164] In addition, as compared with an approximately
planar frame having no sides, the inside frame 700 in itself
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becomes large in mechanical strength, and has the advantage
of becoming easy to handle during a process prior to the
assembling of the module.

[0165] Incidentally, in this embodiment, the control circuit
board 10 and the DC/DC converter board 11 are disposed on
part of the sides 46 of the inside frame 700 in the state of
being opposed to each other. In other words, the control
circuit board 10 and the DC/DC converter board 11 are
disposed perpendicularly to the liquid crystal display the
panel module 400, whereby the picture frame can be reduced
in size.

[0166] In this case, the control circuit board 10 is con-
nected via the connecting parts 18, 19A and 19B, respec-
tively, to the flexible gate circuit board 15, drain circuit
board 16A and drain circuit board 16B secured to the liquid
crystal display panel module 400, and the drain circuit board
16A and drain circuit board 16B are bent to form the
above-described arrangement.

[0167] Incidentally, in this construction, as described pre-
viously, the influence of electromagnetic waves generated
from the control circuit board 10 on other members can be
prevented by the sides 46 of the inside frame 700.

[0168] In the above description of Embodiment 1, refer-
ence has been made to a box-like shape as the shape of the
inside frame 700, but the shape of the inside frame 700 need
not be a perfect box-like shape and may also be a shape
having a side formed on at least one side

[0169] This is because the inside frame 700 is not planar,
but has bent portions to constitute a structure which has a
mechanical strength improved by the bent portions.

Upper Frame

[0170] The upper frame 800 has the function of pressing
the liquid crystal display panel module 400, the inside frame
700 and the diffusing sheet against the resin frame 500, and
constitutes the outer frame of the module of the liquid crystal
display device together with the resin frame 500.

[0171] The upper frame 800 is made of a metal plate
having an approximately box-like shape, and an aperture
(display window) 48 is formed in the portion of the metal
plate that is equivalent to the display area part of the liquid
crystal display panel module 400. The upper frame 800 is
secured to the resin frame 500, as by engagement.

[0172] The upper frame 800 also has the function of a
shielding material.

Assembly of the Above-describe Components

[0173] FIG. 12 shows an assembly of the components
shown in FIG. 2. The central view of FIG. 12 is a plan view
showing the assembly viewed from the side where the upper
frame 800 is disposed, while the right, left, top and bottom
views of FIG. 12 are side views seen from the respective
directions.

[0174] Asis apparent from the right and left views of FIG.
12, the high-frequency power source board 40 disposed on
the reverse side of the resin frame 500 is disposed without
projecting from the sides of the upper frame 800 (that is, in
an unobservable state).
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[0175] As s also apparent from the right and left views of
FIG. 12, the resin frame 500 has a C-like cross-sectional
shape owing to the projecting parts S00A.

[0176] As described previously, the resin frame 500 has a
large resisting strength against twists duet to reverse rota-
tional forces on the diagonal lines of the resin frame 500.

Embodiment 2

[0177] FIG. 13 is a cross-sectional view showing another
embodiment of the liquid crystal display device according to
the invention, which is improved on the basis of, for
example, the construction of Embodiment 1.

[0178] FIG. 13 is a cross-sectional view of the assembly
of the liquid crystal display device, taken a long the y
direction (the direction perpendicular to the longitudinal
direction of the light sources 35).

[0179] The construction of Embodiment 2 differs from
that of Embodiment 1 in that on the side of the backlight unit
300 that faces the liquid crystal display panel unit 400, a
diffusing sheet 50 is disposed to cover the backlight unit
300, and an electromagnetic shield sheet 51 is disposed on
the side of the diffusing sheet 50 that faces the liquid crystal
display panel unit 400.

[0180] This electromagnetic shield sheet 51 is a shield
sheet for blocking electromagnetic waves generated from
the light sources 35 of the backlight unit 300, and is made
of, for example, a transparent conductive sheet or a metal
mesh.

[0181] With this construction, it is possible to solve dis-
advantages offered by the light sources 35 driven by a
high-frequency voltage.

[0182] Incidentally, in this case, the reflector 36 of the
backlight unit 300 may, of course, be formed of a metal
material so that the reflector 36 can be given the function of

the electromagnetic shield sheet 51 against the light sources
35

[0183] In this embodiment, another diffusing sheet 52 is
disposed on the side of the electromagnetic shield sheet 51
that faces the liquid crystal display panel unit 400, and
realizes together with the diffusing sheet 50 a structure
which can make uniform the irradiation of light onto the
liquid crystal display panel unit 400 from the backlight unit
300.

[0184] The reason for this is that, as described previously,
each of the light sources 35 has plural electrodes spaced
apart from one another along its longitudinal direction and
light irradiation is not effected in the portions of electrodes,
and furthermore, there exist lines which connect the elec-
trodes of each of the light sources 35 to the corresponding
electrodes of the adjacent one, so that this fact becomes the
cause of slightly impairing the uniformity of light irradia-
tion.

[0185] As shown in FIG. 13, the resin frame 500 is made
of a metal material and the electromagnetic shield sheet 51
is disposed in direct contact with the resin frame 3500,
whereby the light sources 35 can be completely shielded.

[0186] For similar purposes, the reflector 36 may be made
of a metal material and the electromagnetic shield sheet 51
may be disposed in direct contact with the reflector 36.
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[0187]

[0188] FIGS. 14A to 14C are views showing the construc-
tions of different modifications of each of the light sources
35 used in each of the above-described embodiments.

[0189] FIG. 14A is a view showing a modification similar
to each of the light sources 35 used in each of the above-
described embodiments. In the light source shown in FIG.
14A, the electrodes have ring-like shapes, and a discharge
tube is the inserted through electrodes. FIG. 14A is a
cross-sectional view taken a long line a-a of FIG. 14A.

[0190] In the light source shown in FIG. 14B, cach of the
electrodes is formed on part of the circumference of the
discharge tube. Even with this construction, the function of
the light source 35 can be similarly realized. FIG. 14B is a
cross-sectional view taken along line b-b of FIG. 14B.

[0191] In the light source shown in FIG. 14C, the elec-
trodes have ring-like shapes similarly to the case shown in
FIG. 14A, but a gap is formed between each of the elec-
trodes and the discharge tube. Even with this construction,
the function of the light source 35 can be similarly realized.
FIG. 14C is a cross-sectional view taken along line c-c of
FIG. 14C.

[0192] Embodiment 4

[0193] FIGS. 15A and 15B are views showing the con-
struction of another embodiment of the liquid crystal display
device according to the invention. Specifically, FIGS. 15A
and 15B area plan view and a side view showing the
backlight unit 300, respectively.

[0194] As shown in FIGS. 15A and 15B, the portions of
the electrodes 354 (1) and 354 (3) disposed at the opposite
ends of each of the discharge tubes 354 provided in the
backlight unit 300 are bent.

[0195] Stated in detail, the opposite end portions of each
of the discharge tubes 354 in which the respective electrodes
354 (1) and 354 (3) are formed are bent in the direction of

901 with respect to the central axis (or the extending direc-
tion) of the discharge tube 354, and all the bending direc-
tions are made coincident with the upward direction as
viewed in FIG. 15A.

[0196] Incidentally, cach of the discharge tubes 35a has
electrodes disposed not only at the opposite ends but also in
the intermediate portion between the opposite ends as
described previously, but FIGS. 15A and 15B show only the
electrodes 354 (1) and 354 (3) disposed at the opposite ends
and do not show any of the electrodes disposed in the
intermediate portion. However, it goes without saying that
the invention can also be applied to a construction in which
the electrodes 354 (1) and 354 (3) are disposed at only the
opposite ends of each of the discharge tubes 35a.

[0197] Even if the bent portions are formed in part of the
discharge tube 35a constructed in this manner, the bent
portions do not impair the emission of the discharge tube
35a and the discharge tube 35a can emit a sufficient amount
of light similarly to each of the discharge tubes 354 used in
each of the above-described embodiments.

[0198] In Embodiment 4, the area of each of the discharge
tubes 35a which is occupied by the portion other than the

Embodiment 3
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portions bent at the opposite ends of the discharge tube 35a
is used as an effective emission area.

[0199] Specifically, the display part other than the periph-
ery of the liquid crystal display panel module 400 (an
effective display area : an area corresponding to the outer
outline of the aggregation of pixels) is disposed to coincide
with the above-described effective emission area, whereby
the electrodes 35d (1) and 35d (3) of each of the discharge
tubes 35a disposed at the opposite ends there of are posi-
tioned in an area outside the display part of the liquid crystal
display panel module 400.

[0200] FIGS. 16A to 16C are construction views showing
the positional relations hip between the discharge tubes 354
disposed in this manner and the liquid crystal display panel
module 400.

[0201] FIG. 16A, 16B and 16C area plan view, a left side
view and a bottom side view, respectively.

[0202] 1Inan area Q between the outline of the display part
of the liquid crystal display panel module 400 and the outer
outline of the upper frame 800, the opposite ends of each of
the discharge tubes 35a at which the respective electrodes
are disposed are positioned, and the opposite ends are bent
with respect to the axial direction of each of the discharge
tubes 354, whereby the width of the area Q can be made
smaller than the length of each of the opposite ends.

[0203] In the case of this embodiment, the bending direc-
tion of each of the opposite ends of each of the discharge
tubes 35a is contained in a plane parallel to the liquid crystal
display panel module 400, whereby it is possible to provide
the advantage that it is not necessary to increase the depth-
wise thickness of the liquid crystal display device.

[0204] Accordingly, it is possible to decrease the area
occupied by the picture frame (the area Q shown in FIG.
16A) of the liquid crystal display device without the need to
increase the depthwise thickness of the liquid crystal display
device.

[0205] Tt has been confirmed that the efficiency of emis-
sion of this kind of discharge tube 35a can be improved
particularly by increasing the width of each of the electrodes
35d provided on the discharge tube 35a.

[0206] FIG. 17 is a graph showing the relationship
between electrode width and lamp current flowing in the
discharge tube 35a. FIG. 17 shows lamp current (mArms)
with respect to applied voltage (Vrms) for each of electrode
widths of 10 mm, 20 mm and 40 mm, and it can be seen from
FIG. 17 that as the electrode width is larger, a larger lamp
current flows even in the case of the same applied voltage.

[0207] Inaddition, as shown in FIG. 18, it can be seen that
as the electrode width is made larger, the lamp current
becomes larger irrespective of, for example, the length of the
discharge tbe (in FIG. 18, 100 mm, 200 mm and 300 mm).

[0208] Each of the discharge tubes 35a which causes a
discharge when a voltage is applied can be represented by
the equivalent circuit shown in FIG. 19. In FIG. 19, symbol
R denotes the resistance of the positive column of a dis-
charge portion, and symbol Cd denotes the electrostatic
capacity of glass (dielectric) interposed between the positive
column and electrodes.
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[0209] In this case, letting V1 be the applied voltage, a
lamp current II is expressed by the following equation (1):

Vi )

1 2
R (_]
wC

LAMP CURRENT II =

[0210] As is apparent from this equation (1), if a larger
current is to be supplied with a smaller voltage, the value of
Cd of the electrode portion needs only to be increased,
specifically, the width of each of the electrode may be
increased or the area in which the electrodes and the
discharge tube are opposed to each other may be increased.

[0211] Therefore, in the case where the widths of the
respective electrodes 35d (1) and 354 (3) are made large and
the portions of the respective electrodes 354 (1) and 35d (3)
of each of the discharge tubes 35a are positioned to be
superposed on the area other than the display part of the
liquid crystal display panel module 400, without the portions
of electrodes 35d (1) and 354 (3) being bent, the width
occupied of an area called a picture frame becomes
extremely large, but by adopting the above-described con-
struction, it is possible to narrow the width to a great extent.

[0212] Contrarily, in the case where the width of the area
of the picture frame needs not be narrowed, the length of
each of the opposite ends of the discharge tube at which the
respective electrodes are disposed can be made large by
bending the opposite ends of the discharge tube, whereby the
widths of the electrodes can be made large so that the
efficiency of emission of the discharge tube can be increased
to a great extent

Embodiment 5

[0213] FIG. 20 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIGS. 15A and 15B.

[0214] The electrode 354 (3) disposed at one end of each
of the discharge tubes 35a shown in FIG. 20 is bent in the
upward direction as viewed in FIG. 20, while the electrode
35d (1) disposed at the other end is bent in the downward
direction as viewed in FIG. 20.

[0215] Tt goes without saying that even in this case, it is
possible to obtain similar advantages.

Embodiment 6

[0216] FIG. 21 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 20.

[0217] Each of the discharge tubes 354 shown in FIG. 21
has a U-like shape with a turning portion, whereby with a
single discharge tube, it is possible to realize substantially
the same effect as two discharge tubes

[0218] The electrodes 354 (1) and 354 (3) disposed at the
opposite ends of each of the discharge tubes 35a are posi-
tioned close to each other on one side, while the turning
portion is positioned on the other side.

[0219] Accordingly, the electrodes 35d (1) and 35d (3) are
disposed to be superposed on one side in the periphery
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(picture frame) of the display part, while the turning portion
is disposed to be superposed on the other side in the
periphery of the display part. Incidentally, it is a matter of
course that if an electrode is not disposed in the turning
portion, the turning portion may also be disposed in the
display part without being superposed on the periphery of
the display part.

[0220] In this case, each of the electrodes 354 (1) and 354
(3) is bent in the upward or downward direction as viewed
in FIG. 21, whereby it is possible to narrow the width of the
periphery of the display part and reduce the area occupied by
the so-called picture frame (denoted by Q in FIG. 21).

[0221]

[0222] FIG. 22 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 21.

[0223] Similarly to the case shown in FIG. 21, the dis-
charge tubes 354 each having a U-like shape with a turning
portion are used, but the entire length of each of the

discharge tubes 354 is about half that of each of those shown
in FIG. 21.

[0224] The discharge tubes 35a are disposed in the right-
half and left-half are as of the backlight unit 300.

[0225] 1In this case, each of the discharge tubes 35a is
disposed so that the turning portion is positioned in the
middle of the backlight unit 300 and the electrodes 35d (1)
and 35d (3) are positioned in the periphery of the display
part.

[0226] Each of the electrodes 354 (1) and 354 (3) is bent
in the downward (or upward) direction as viewed in FIG.
22, whereby it is possible to narrow the width of the
periphery of the display part and reduce the area occupied by
the so-called picture frame (denoted by Q in FIG. 22).

[0227] In addition, in this case, it goes without saying that
it 1s possible to obtain similar advantages even if the
direction indicated by the bent portion of each of the
electrodes 35d (1) and 35d (3) is toward the bottom of the
backlight unit 300 as shown in FIG. 23.

[0228] In this case, in each of the discharge tubes 35a
which are positioned in the area of the display part, the
portions where the respective electrodes 35d (1) and 35d (3)
are disposed become portions which do not emit light.

Embodiment 7

Accordingly, portions are 1803bent in the direction of the
bottom of the backlight unit 300 so that they can be hidden
behind the light-emitting portion of the same discharge tube
35a.

Embodiment 8

[0229] FIG. 24 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 21.

[0230] Each of the discharge tubes 35a shown in FIG. 24
is constructed as a rectangular ring-shaped tube, and the
electrodes 354 (1) and 354 (3) are respectively disposed in
portions corresponding to the opposite ends of each of the
discharge tubes 33a.

[0231] The construction of each of the discharge tubes 35a
is similar to a construction in which two discharge tubes are
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integrally formed, and in this case, the portions where the
respective electrodes 354 (1) and 354 (3) are disposed
become bent portions with respect to the other portion.
Accordingly, bent portions are positioned to be superposed
on the periphery (non-display portion) of the display part,
whereby the area occupied by the picture frame (the area
denoted by Q in FIG. 24) can be narrowed.

[0232] FIG. 25 shows a far more improved construction in
which all the discharge tubes are integrally formed.

Embodiment 9

[0233] FIG. 26 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 21. Unlike the case shown in FIG.
21, the directions of individual bendings of the portions
where the respective electrodes are disposed are not limited
to a particular direction, and can be freely determined.

[0234] From this fact, as shown in FIG. 27, part of the
portions where the respective electrodes are disposed may
be bent in the direction of the bottom of the backlight unit
300.

[0235] FIG. 28 shows another construction having a simi-
lar feature.

Embodiment 10

[0236] In the above-described embodiments, the direc-
tions of bendings of the portions where the respective

electrodes are disposed are 903or 1801. However, it goes
without saying that even within the range between 03and
1801, it is possible to obtain similar advantages.

[0237] For example, FIG. 29 shows an embodiment in
which the directions of bendings of the portions where the

respective electrodes a redisposed are made about 453 with
respect to the axial direction (extending direction) of each of
the discharge tubes 35a. Even in this case, it is apparent that
it is possible to narrow the width of the picture frame (the
area denoted by Q in FIG. 29) as compared with the case in
which the portions where the respective electrodes are
disposed are not at all bent.

Embodiment 11

[0238] FIG. 30 is a view showing another embodiment of
the liquid crystal display device according to the invention.
The embodiment shown in FIG. 30 differs from the other
embodiments in that the portions of each of the discharge
tubes 354 of where the respective electrodes 35d (1) and 354
(3) are disposed are made helical and the electrodes 35d (1)
and 35d (3) are also made helical according to the helical
portions of each of the discharge tubes 35a.

[0239] In this case, the lengths of the respective electrodes
354 (1) and 354 (3) (the lengths along the axial direction of
the discharge tube) that are formed at the opposite ends of
each of the discharge tubes 354 can be increased to a great
extent, and the portions where the respective electrodes 35d
(1) and 354 (3) are disposed can be made helical so that the
width occupied by each of the portions can be reduced to a
great extent.

Embodiment 12

[0240] 1In ecach of the above-described embodiments, the
backlight unit is a so-called direct backlight and includes
plural linear light sources 35 disposed on the back side of the
liquid crystal display panel.
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[0241] However, the backlight may, of course, be provided
with a light guide plate.

[0242] Specifically, the liquid crystal display panel mod-
ule 400 may be of the type which includes a light guide plate
disposed to be opposed to at least the display part and a
linear light source disposed on at least one side of the light
guide plate. In the liquid crystal display panel module 400
after light from the light source has been guided into the
interior of the light guide plate, the light is irradiated from
the surface of the light guide plate which is opposed to the
liquid crystal display panel.

[0243] In this case, the discharge tube 354 shown in FIG.
5 is used as the light source, and as shown in FIG. 31, the
opposite end portions of the discharge tube 35a where the
respective electrodes 354 (1) and 35d (3) are disposed are
bent, and the respective bent portions are disposed in parallel
with and in proximity to the side surfaces of a light guide
plate IL perpendicular to one side surface of the light guide
plate IL (the surface of the light guide plate IL that is located
on the side where the discharge tube 354 is disposed).

[0244] According to this construction, the discharge tube
354 disposed on one side of the light guide plate IL enables
the electrodes 354 (1) and 354 (3) provided in the opposite
end portions (portions which do not irradiate light) to be
positioned externally of the one side, whereby a far more
amount of light can be guided into the interior of the light
guide plate IL.

[0245] In addition, since the portions of the electrodes 35d
(1) and 35d (3) are respectively bent in the opposite end
portions of the discharge tube 35g, there is the advantage
that the width of the picture frame (the area denoted by Q in
FIG. 31) on cach of the sides of the light guide plate IL
perpendicular to the discharge tube 354 can be made narrow
compared to the case where the portions of the electrodes
354 (1) and 35d (3) are extended along the extending
direction of the discharge tube 35q.

[0246]

end electrode portions of the discharge tube 354 are 901 bent
with respect to the extending direction of the discharge tube
354, the width of the picture frame on each of the sides of
the light guide plate IL perpendicular to the discharge tube
354 can also be made a value approximately equal to the
diameter of each of the electrodes 354 (1) and 35d (3).

In the case of this embodiment, since the opposite-

Embodiment 13

[0247] FIG. 32 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 31.

[0248] The embodiment shown in FIG. 32 is the same as
the case shown in FIG. 31 in that the opposite end portions
of the discharge tube 35a where the respective electrodes
354 (1) and 354 (3) are disposed are bent, but in the
embodiment shown in FIG. 32, such opposite end portions

are bent at an angle of 1801 on the side of the discharge tube
35a opposite to the light guide plate IL.

[0249] As is apparent from FIG. 32, the opposite end
portions of the discharge tube 354 where the respective
electrodes 354 (1) and 354 (3) are disposed are opposed to
one side of the light guide plate IL, but this construction does
not particularly become a problem, because the electrodes
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35d (1) and 35d (3) are hidden behind the portion of the
discharge tube 354 where the electrodes 354 (1) and 354 (3)
are not disposed.

Embodiment 14

[0250] FIG. 33 is a view showing another embodiment of
the liquid crystal display device according to the invention,
and corresponds to FIG. 32.

[0251] The embodiment shown in FIG. 33 differs from the
construction shown in FIG. 32 in that the opposite end
portions of the discharge tube 354 where the respective
electrodes 354 (1) and 354 (3) are disposed are bent at an

angle of 1801 in the direction of the bottom of the light guide
plate IL (toward the bottom of the backlight unit 300).

Embodiment 15

[0252] 1In each of the above-described embodiments, the
discharge tube 354 has a cylindrical shape which is the same
in diameter from its center to each of its opposite ends, and
has the structure in which the opposite end portions of the
discharge tube 354 where the respective electrodes 354 (1)
and 35d (3) are disposed are bent.

[0253] 1In this case, the lengths of the respetctive elec-
trodes 354 (1) and 354 (3) (the lengths along the axial
direction of the discharge tube 35) can be increased without
the need to prepare a large space for the portions where the
respective electrodes 354 (1) and 35d (3) are disposed,
whereby it is possible to improve the efficiency of emission
of the discharge tube 35a.

[0254] However, as shown in FIG. 34, if the radius of cach
of the opposite end portions of the discharge tube 352 where
the electrodes 354 (1) and 35d (3) are disposed is made
larger than the radius of the other portion of the discharge
tube 35a ( without the need to change the wall thickness of
the discharge tube 35a), it is possible to improve the
efficiency of emission of the discharge tube 354, This is
because the area of the portion of each of the electrodes 35d
(1) and 354 (3) that is opposed to the glass tube can be made
large to enlarge electrostatic capacity.

[0255] Accordingly, by making fully large the diameter of
each of the opposite end portions of the discharge tube 354
where the respective electrodes 354 (1) and 354 (3) are
disposed, it is possible to reduce the lengths of the respective
electrodes 35d (1) and 35d (3) (the lengths along the axial
direction of the discharge tube 35).

[0256] This fact means that if the opposite end portions of
the discharge tube 35a where the respective electrodes 35d
(1) and 35d (3) are disposed are positioned outside the
display area as shown in FIG. 35, the arca occupied by the
so-called picture frame (the area denoted by Q in FIG. 35)
can be reduced.

[0257] Incidentally, the embodiment shown in FIG. 35 is
applied to the so-called direct backlight type of backlight
unit 300 but it goes without saying that the invention can
also be applied to a backlight using the light guide plate IL.
This feature also applies to embodiments which will be
described below.

[0258] FIG. 36 is a view corresponding to FIG. 35. The
electrodes 35d (1) and 354 (3) provided at the opposite ends
of each of the discharge tubes 354 have shapes formed to
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extend to the respective end surfaces of each of the discharge
tubes 35a. In other words, the respective electrodes 354 (1)
and the 35d (3) are formed to cover the end surfaces of each
of the discharge tubes 35a, whereby the area of each of the
electrodes 354 (1) and 354 (3) that is opposed to the
discharge tube 35a can be made large.

[0259] 1In this case, it is possible to make far smaller the
lengths of the respective electrodes (the lengths along the
axial directions of the discharge tube).

Embodiment 16

[0260] FIGS. 37 and 38 are views showing further
improvements in Embodiment 15, and correspond to FIGS.
35 and 36, respectively.

[0261] In this case, the opposite end portions of each of the
discharge tubes 354 where the respective electrodes 354 (1)
and 35d (3) are disposed have cubic shapes, respectively,
and the length of one side of each of the cubic portions is
formed to be larger than the diameter of the other portion of
the discharge tube 35a. Incidentally, the detailed construc-
tion of one of portions is shown in FIG. 39A.

[0262] In this case as well, it is possible to obtain similar
advantages to those of Embodiment 15.

[0263] Incidentally, as shown in FIG. 39B by way of
example, such a discharge tube having the above-described
shape can easily be formed by independently forming por-
tions corresponding to the opposite end portions of the
discharge tube 354 and the other portion of the discharge
tube 35a and then fusing the portions to the other portion.

Embodiment 17

[0264] FIG. 40 is a view showing a further improvement
in Embodiments b 15 and 16 and showing particularly a
cross section of one of the opposite end portions of one
discharge tube 35¢ where the respective electrodes 35d (1)
and 35d (3) are disposed.

[0265] The outer diameter of the discharge tube 35a is
uniform along the axis direction there of, but the inner
diameter of the discharge tube 35a is made larger in the
opposite end portions where the respective electrodes 35d
(1) and 354 (3) are disposed, than in the other portion of the
discharge tube 35a. In other words, the wall thickness of the
discharge tube 354 is made thin in the opposite end portions
where the respective electrodes 354 (1) and 35d (3) are
disposed.

[0266] In this case as well, it is possible to obtain similar
advantages to those of Embodiments 15 and 16.

[0267] Incidentally, it goes without saying that if Embodi-
ments 15 to 17 are applied to a construction in which the
portions of the electrodes are bent, it is possible to obtain far
more advantage

Embodiment 18

[0268] FIG. 41 shows a construction in which at least one
discharge tube 354 together with its electrodes 354 (1) and
35d (3) is disposed in the effective emission area of the
backlight unit 300.

[0269] In other words, there are other discharge tubes 35a
each of which is positioned with either of the electrodes 35d
(1) or 35d (3) superposed on the picture frame (the area
denoted by Q in FIG. 41).
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[0270] In this case, some of the electrodes are positioned
in the effective emission area, but since at least electrodes

are 1801bent toward the bottom of the backlight unit 300,
disadvantages due to the electrodes disposed in the effective
emission area a resolved.

[0271] In addition, Embodiment 18 has the advantage that
since a plurality of short discharge tubes are arranged in the
axial direction, the backlight unit 300 can cope with far
larger picture screens. In this case, since the individual
discharge tubes are short, their discharge starting voltage
and discharge voltage can be suppressed.

[0272] At present, in the case of a picture screen of, for
example, 18 inches or less, if only one discharge tube is
disposed in the axial direction there of, the discharge tube
can fully cover the display area of the picture screen in that
direction, but in the case of a large picture screen exceeding
18 inches, it is extremely effective to array a plurality of
discharge tubes in the axial direction there of

[0273] As is apparent from the foregoing description, in
accordance with the liquid crystal display device according
to the invention, it is possible to achieve the lengthening of
the life of the liquid crystal display device.

[0274] In addition, in accordance with the liquid crystal
display device according to the invention, it is possible to
narrow an are a called a picture frame (the area between the
outline of the outer frame of the liquid crystal display device
and the outline of the display area there of).

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

a liquid crystal display panel having a display part in its
central portion except its periphery; and

a backlight disposed on a back side of the liquid crystal
display panel,

the backlight including a discharge tube having electrodes
at at least its opposite ends, the electrodes being dis-
posed at the exterior of the discharge tube, at least one
of the opposite end portions of the discharge tube where
the respective electrodes are disposed being positioned
to be superposed on the periphery of the liquid crystal
display panel and being bent with an angle with respect
to the central axis of the discharge tube.

2. A liquid crystal display device comprising:

a liquid crystal display panel having a display part in its
central portion except its periphery; and

a backlight disposed on a back side of the liquid crystal
display panel,

the backlight including a discharge tube having electrodes
at at least its opposite ends, the electrodes being dis-
posed at the exterior of the discharge tube, at least one
of the opposite end portions of the discharge tube where
the respective electrodes are disposed being positioned
to be superposed on the periphery of the liquid crystal
display panel and being bent with an angle with respect
to the central axis of the discharge tube in a plane
parallel to the liquid crystal display panel.
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3. A liquid crystal display device according to either of
claims 1 or 2, wherein the angle with respect to the central

axis of the discharge tube is greater than 03and not greater

than 901.
4. A liquid crystal display device according to claim 3,
wherein the angle with respect to the central axis of the

discharge tube is 901.
5. A liquid crystal display device comprising:

a liquid crystal display panel having a display part in its
central portion except its periphery; and

a backlight disposed on a back side of the liquid crystal
display panel,

the backlight including a discharge tube having electrodes
at at least its opposite ends, the electrodes being dis-
posed at the exterior of the discharge the tube, at least
one of the opposite end portions of the discharge tube
where the respective electrodes are constructed as a
bent portion which is bent with an angle with respect to
the central axis of the discharge tube, at least the
portion of the bent portion where the electrode is
formed being superposed in the area of the display part

of the liquid crystal display panel.
6. A liquid crystal display device according to either of
claim 5, wherein at least one of the opposite end portions of
the discharge tube where the respective electrodes are dis-

posed is bent at greater than 903 and not greater than 180

with respect to the central axis of the discharge tube.
17, A liquid crystal display device according to claim 5,
wherein at least one of the opposite end portions of the
discharge tube where the respective electrodes are disposed

is bent at 1803with respect to the central axis of the
discharge tube toward the opposite side to the liquid crystal
display panel.

8. A liquid crystal display device comprising:

a liquid crystal display panel having a display part in its
central portion except its periphery; and
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a backlight disposed on a back side of the liquid crystal
display panel,

the backlight including a light source made of a discharge
tube having an endless-ring-like shape and electrodes
disposed in a portion of the exterior of the discharge
tube,

the electrodes being disposed to be positioned on an are
a outside the display part of the liquid crystal display
panel.

9. A liquid crystal display device comprising:

a liquid crystal display panel having a display part in its
central portion except its periphery; and

a backlight disposed on a back side of the liquid crystal
display panel,

the backlight including a discharge tube having electrodes
at at least its opposite ends, the electrodes being dis-
posed at the exterior of the discharge tube, at least one
of the opposite end portions of the discharge tube where
the respective electrodes are disposed being positioned
to be superposed on the periphery of the liquid crystal
display panel and being formed in a helical shape.

10. A liquid crystal display device comprising:

a liquid crystal display panel having a display part in its
central portion except its periphery; and

a backlight disposed on a back side of the liquid the
crystal display panel,

the backlight including a discharge tube having electrodes
at at least its opposite ends, the electrodes being dis-
posed at the exterior of the discharge the tube, at least
one of the opposite end portions of the discharge tube
where the respective electrodes are disposed being
positioned to be superposed on the periphery of the
liquid crystal display panel and being formed to have
an inner diameter greater than that of the other portion.

x ok ok ok %k
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