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ABSTRACT

A liquid crystal display device (1) includes a liquid crystal
display panel (2), a metal backlight chassis (4), a metal bezel
(13), a printed circuit board (31), an electric conductor (14)
via which the metal backlight chassis (4) and a ground land
part (31f) of the printed circuit board (31) are electrically
connected with each other, and a frame (10) having an inser-
tion hole in which the electric conductor (14) is inserted.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present invention relates to
aliquid crystal display device which is configured to suppress
EMI.

BACKGROUND ART

[0002] In recent years, liquid crystal display devices have
been used as display sections of electric home appliances
such as computers and television sets. FIG. 10 is a cross
sectional view schematically illustrating a main part of a
structure of a typical liquid crystal display device.

[0003] As illustrated in FIG. 10, a liquid crystal display
panel 2 included in a liquid crystal display device 60 is con-
figured such that (i) a pair of substrates, i.e., a thin film
transistor (TFT) array substrate 21 and a color filter (CF)
substrate 22, are arranged so as to face each other in parallel
at a predetermined distance and (ii) space between the thin
film transistor (TFT) array substrate 21 and the color filter
(CF) substrate 22 is filled with liquid crystal.

[0004] Usually, onthe TFT array substrate 21, a plurality of
gate wires and a plurality of source wires are arranged, and
pixel electrodes are provided in respective regions defined by
those wires in a lattice pattern. A common electrode is pro-
vided on the almost entire surface of the CF substrate 22. The
liquid crystal panel 2 is configured such that, by changing a
voltage applied to each of the pixel electrodes and a voltage
applied to the common electrode, it is possible to drive the
liquid crystal in each pixel and cause an image to be dis-
played.

[0005] Further, the liquid crystal display device 60 includes
a backlight unit 3, which is provided on a backside of the
liquid crystal display panel 2. The backlight unit 3 is a device
which includes a light source such as a fluorescent lamp and
which controls properties of light emitted from the light
source and backlights the liquid crystal display panel 2. The
light emitted from the backlight unit 3 passes through the
liquid crystal display panel 2, thereby an image is visibly
displayed on a front surface of the liquid crystal display panel
2. Usually, a metal bezel 61 is attached to the liquid crystal
display panel 2 so as to cover an upper surface and a side
surface of a periphery of the liquid crystal display panel 2.
[0006] In the periphery of such a liquid crystal display
panel 2, a printed circuit board (PWB: Printed Wire Board or
PCB: Printed Circuit Board) 31 is provided, which supplies a
predetermined voltage to the gate wires and the source wires
provided on the TFT array substrate 21 to thereby drive the
liquid crystal. The printed circuit board 31 is electrically
connected with the wires provided on the TFT array substrate
21 via a flexible wiring board 30 which has flexibility. Usu-
ally, a driver IC 28 is mounted on the flexible wiring board 30.
[0007] Among such flexible wiring boards 30, a flexible
wiring board on which a driver IC 28 is mounted by COF
(Chipon Film) is in wide use because the flexible wiring board
does not have a device hole in which the driver IC 28 is to be
mounted and therefore can be easily designed such that a
pitch of wire patterns is narrow.

[0008] As illustrated in FIG. 10, the flexible wiring board
30 is constituted by a film substrate 30a which has flexibility
and wire patterns 305 and 3056 formed on the film substrate
30a, and the driver IC 28 is mounted by COF and connected
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to the wire patterns 305 and 305. Extraction portions 30¢ and
30d of these wire patterns 306 and 305 are drawn to end
portions of the film substrate 30a. The extraction portion 30¢
is connected to a land part of a source wire 248 of the liquid
crystal display panel 2 via an anisotropic conductive film 62.
On the other hand, the extraction portion 304 is connected to
a wiring land part 315 of a wire pattern 31a on the printed
circuit board 31 via an anisotropic conductive film 62, which
wiring land part 315 is supplied with an image signal and a
voltage based on the image signal.

[0009] According to this configuration, by bending the
flexible wiring board 30 and providing the printed circuit
board 31 in a space between a side surface of the backlight
unit 3 and a side wall 615 of the metal bezel 61 as illustrated
in FIG. 10, it is possible to reduce the width of an upper wall
61a of the metal bezel 61 which is in a shape of a frame and
is attached so as to cover the liquid crystal display panel 2.
[0010] FIG. 11 is a plan view illustrating (i) the flexible
wiring board 30 which is not bent and (ii) the liquid crystal
display panel 2 and the printed circuit board 31 which are
connected to each other via the flexible wiring board 30. As
illustrated in FIG. 11, usually, a ground pattern 31¢ is pro-
vided on the almost entire surface of the printed circuit board
31 except for circuits such as the wiring land part 315 of the
wire pattern 31a. The entire surface of the ground pattern 31¢
is covered with a solder resist film 31e serving as a corrosion-
proof protection film. Note here that the ground pattern 31¢
has a plurality of ground land parts 31d, each of which is not
covered with the solder resist 31e and exposed in a form ofa
rectangle.

[0011] In recent years, with the increased size etc. of a
liquid crystal display panel 2, the length of a printed circuit
board 31 like above has become greater. This has caused more
electromagnetic waves to be generated from the printed cir-
cuit board 31. Under the circumstances, an appropriate design
to suppress EMI (Electro Magnetic Interface: unnecessary
radiation, electromagnetic radiation) is considered important.
[0012] Anexample of such a measure to suppress EMl is as
follows. By electrically connecting the ground land parts 314
of the ground pattern 31¢ of the printed circuit board 31 with
the metal bezel 61 at a plurality of points via a strip-shaped
electric conductor 63 as illustrated in FIG. 11, it is possible to
suppress radiation of electromagnetic waves generated from
the printed circuit board 31.

[0013] An example of such an electric conductor 63 is one
that is constituted by (i) an elastic member 63a such as a
sponge and (ii) a metal foil 635 or the like which encloses the
elastic member 634 (see FIG. 10). This makes it possible to
electrically connect the ground pattern 31c of the printed
circuit board 31 with the metal bezel 61 by (i) attaching the
electric conductor 63 to the ground land parts 31d of the
printed circuit board 31 via a conductive adhesive tape 64 in
advance under a condition where the flexible wiring board 30
is not bent as shown in FIG. 11 and then (ii) attaching the
metal bezel 61 as shown in FIG. 10 so that the electric con-
ductor 63 is connected to the side wall 615 of the metal bezel
61.

[0014] The following Patent Literatures 1 and 2 each
describes a liquid crystal display device configured to sup-
press EMI.

[0015] Patent Literature 1 discloses a liquid crystal display
device including: a liquid crystal display panel; a frame-
shaped metal bezel having a reversed L-shaped cross-section
surface made up of an upper wall and a side wall, the frame-
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shaped metal bezel being attached so as to cover an upper
surface and a side surface of a periphery of the liquid crystal
display panel; a printed circuit board for driving liquid crys-
tal, the printed circuit board being provided, between the
periphery of the liquid crystal display panel and the side wall
of the metal bezel, in substantially parallel to and away from
the side wall; and an electric conductor in a shape of a plate,
the electric conductor electrically connecting the side wall of
the metal bezel to a land part of a ground pattern on the printed
circuit board, wherein an upper wall of the metal bezel has an
insertion hole in which the electric conductor is inserted from
outside, one end of the electric conductor inserted in the
insertion hole is in contact with both the side wall of the metal
bezel and the land part of the ground pattern of the printed
circuit board, and the other end of the electric conductor is
removably hooked on the insertion hole.

[0016] FIG.8isaviewillustrating a cross section of a liquid
crystal display device described in Patent Literature 1. A
liquid crystal display device 70 in accordance with FIG. 8 is
configured such that (i) an electric conductor 14 in a shape of
a plate passes through an insertion hole 13¢ of a metal bezel
13 and (ii) a ground land part 314 of a printed circuit board 31
is electrically connected to the metal bezel 13 via the electric
conductor 14 in the shape of a plate. Since the electric con-
ductor 14 is designed to be removably hooked on the insertion
hole 13¢, it is possible to easily attach and remove the electric
conductor 14 if unnecessary radiation occurs.

[0017] According to the liquid crystal display device
described in Patent Literature 1, it is possible to attach or
remove the electric conductor as appropriate without remov-
ing the metal bezel attached so as to cover the liquid crystal
display panel, i.e., while keeping the metal bezel attached to
the liquid crystal display panel. Therefore, it is possible to
easily control a measure to suppress EMI in the liquid crystal
display device.

[0018] On the other hand, Patent Literature 2 discloses a
display device including: a display panel, a frame-shaped
metal bezel having a reversed L-shaped cross-section surface
made up of an upper wall and a side wall, the frame-shaped
metal bezel being attached so as to cover an upper surface and
a side surface of a periphery of the display panel; a printed
circuit board for driving a panel, the printed circuit board
being provided, between the periphery of the display panel
and the side wall of the metal bezel, in substantially parallel to
and away from the side wall; and an electric conductor in a
shape of a strip which electrically connects the side wall of the
metal bezel to a land part of a ground pattern on the printed
circuit board, wherein the side wall of the metal bezel has a
window through which the electric conductor can be seen
from outside.

[0019] FIG.9is aviewillustrating a cross section of aliquid
crystal display device described in Patent Literature 2. A
display device 80 in accordance with FIG. 9 is configured
such that (i) a ground land part 31d of a printed circuit board
31 is electrically connected to a metal bezel 13 via an electric
conductor 14 and (ii) a window 13c¢ is provided to a side wall
135 of the metal bezel 13 so that displacement of the electric
conductor 14 can be easily checked.

[0020] According to the liquid crystal display device
described in Patent Literature 2, since the side wall of the
metal bezel is provided with the window through which the
electric conductor provided inside the side wall of the metal
bezel can be seen from outside, it is possible to easily check,
through the window, whether or not the electric conductor is
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displaced from an appropriate position while keeping the
metal bezel attached to the display panel. As such, it is pos-
sible to easily detect displacement of the electric conductor
and to efficiently assemble the display device.

CITATION LIST

Patent Literatures

[0021] Patent Literature 1
[0022] Japanese Patent Application Publication, Tokukai,
No. 2010-113214 A (Publication Date: May 20, 2010)

[0023] Patent Literature 2
[0024] Japanese Patent Application Publication, Tokukai,
No. 2010-271629 A (Publication Date: Dec. 2, 2010)
SUMMARY OF INVENTION
Technical Problem

[0025] The inventor has found that, according to the tech-
niques described in Patent Literatures 1 and 2, (i) it is
expected that a ground of a source substrate stably brings
about a effect of reducing unnecessary radiation by being
electrically connected to a bezel but (ii) unnecessary radiation
may rather increase because noise generated in the source
substrate is conveyed to the bezel via an electric conductor
and therefore the bezel electrically resonates. More specifi-
cally, the inventor has found that the techniques described in
Patent Literatures 1 and 2 may rather cause an increase in
unnecessary radiation because, since the metal bezel is in the
shape of a bar and thus noise currents are easy to concentrate,
resonance occurs in which a screwed part serves as a node.
[0026] The present invention has been made in view of the
findings obtained by the inventor, and a main object of the
present invention is to provide a liquid crystal display device
capable of suppressing unnecessary radiation.

Solution to Problem

[0027] In order to attain the above object, a liquid crystal
display device in accordance with the present invention
includes: a liquid crystal display panel; a metal backlight
chassis attached so as to cover a back surface of a backlight
unit which irradiates the liquid crystal display panel with
light; a bezel in a shape of a frame, which bezel is attached so
as to cover an upper surface and a side surface of a periphery
of the liquid crystal display panel; a printed circuit board
provided between a periphery of the backlight unit and the
bezel; an electric conductor via which a side wall of the metal
backlight chassis and a ground land part of the printed circuit
board are electrically connected with each other; and a frame
provided between the metal backlight chassis and the printed
circuit board, the frame having an insertion hole in which the
electric conductor is inserted.

[0028] According to the above configuration, the ground
land part of the printed circuit board is electrically connected
to the metal backlight chassis. The metal backlight chassis is
provided so as to cover the back surface of the backlight unit
which irradiates the liquid crystal display panel with light,
and therefore noise currents are not concentrated in the metal
backlight chassis. Therefore, according to the above configu-
ration, unnecessary radiation is suppressed as compared to
conventional techniques.

[0029] Further, according to the above configuration, the
electric conductor via which the side wall of the metal back-
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light chassis and the ground land part of the printed circuit
board are electrically connected is inserted in the insertion
hole in the frame. Therefore, the electric conductor is fixed by
the insertion hole, and the position of the electric conductor
does not change. This makes it possible to prevent the electric
conductor from being displaced and thus prevent short cir-
cuits etc. from occurring in wires.

[0030] A liquid crystal display device in accordance with
the present invention includes: a liquid crystal display panel;
a metal backlight chassis attached so as to cover a back
surface of a backlight unit which irradiates the liquid crystal
display panel with light; a bezel in a shape of a frame attached
so as to cover an upper surface and a side surface of a periph-
ery of the liquid crystal display panel; a heat sink electrically
connected to a periphery of the backlight unit; a printed
circuit board provided between the heat sink and the bezel; an
electric conductor via which a side wall of the heat sink and a
ground land part of the printed circuit board are electrically
connected to each other; and a frame provided between the
heat sink and the printed circuit board, the frame having an
insertion hole in which the electric conductor is to be inserted.

[0031] According to the above configuration, the ground
land part of the printed circuit board is electrically connected
to the metal backlight chassis via the heat sink. The metal
backlight chassis is provided so as to cover the back surface of
the backlight unit which irradiates the liquid crystal display
panel with light, and therefore noise currents are not concen-
trated in the metal backlight chassis. Therefore, according to
the above configuration, unnecessary radiation is suppressed
as compared to conventional techniques.

Advantageous Effects of Invention

[0032] A liquid crystal display device in accordance with
the present invention includes: a liquid crystal display panel;
a metal backlight chassis attached so as to cover a back
surface of a backlight unit which irradiates the liquid crystal
display panel with light; a bezel in a shape of a frame, which
bezel is attached so as to cover an upper surface and a side
surface of a periphery of the liquid crystal display panel; a
printed circuit board provided between a periphery of the
backlight unit and the bezel; an electric conductor via which
a side wall of the metal backlight chassis and a ground land
part of the printed circuit board are electrically connected
with each other; and a frame provided between the metal
backlight chassis and the printed circuit board, the frame
having an insertion hole in which the electric conductor is
inserted.

[0033] According to the above liquid crystal display
device, unnecessary radiation is suppressed as compared to
conventional techniques.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG.1

[0035] FIG. 1 is an exploded perspective view schemati-
cally illustrating a configuration of a liquid crystal display
device in accordance with one embodiment of the present
invention.

[0036] FIG.?2

[0037] FIG.2isaview schematically illustrating a configu-
ration of a liquid crystal display panel included in the liquid
crystal display device illustrated in FIG. 1.
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[0038] FIG.3

[0039] FIG. 3 is a view illustrating a cross section of the
liquid crystal display device illustrated in FIG. 1.

[0040] FIG.4

[0041] FIG. 4 is a view schematically illustrating relative
positions of wires on a printed circuit board and a frame hole,
which are included in the liquid crystal display device.
[0042] FIG.5

[0043] FIG. 5is another view illustrating a cross section of
the liquid crystal display device illustrated in FIG. 1.

[0044] FIG. 6

[0045] FIG. 6isaviewillustrating a cross section of a liquid
crystal display device in accordance with another embodi-
ment of the present invention

[0046] FIG.7

[0047] FIG. 7 is another view illustrating a cross section of
a liquid crystal display device in accordance with a further
embodiment of the present invention.

[0048] FIG.8

[0049] FIG.8isaviewillustrating a cross section ofa liquid
crystal display device described in Patent Literature 1.
[0050] FIG.9

[0051] FIG. 9 is a view illustrating a cross section of a
display device described in Patent Literature 2.

[0052] FIG.10

[0053] FIG. 10 is a view illustrating a cross section of a
liquid crystal display device which has been used convention-
ally.

[0054] FIG. 11

[0055] FIG. 11 is a plan view illustrating how a liquid
crystal display panel is connected with a printed circuit board,
which are included in the liquid crystal display device illus-
trated in FIG. 10.

DESCRIPTION OF EMBODIMENTS

Embodiments

[0056] The following description discusses, with reference
to the drawings, one embodiment of a liquid crystal display
device in accordance with the present invention. FIG. 1 is an
exploded perspective view schematically illustrating a con-
figuration of the liquid crystal display device. Note that, in the
following description, (i) a front surface side means a side
above the liquid crystal display device illustrated in FIG. 1
and (ii) a back surface side means a side below the liquid
crystal display device illustrated in FIG. 1.

[0057] As illustrated in FIG. 1, a liquid crystal display
device 1 includes a liquid crystal display panel 2, a backlight
unit 3 provided on a back surface side of the liquid crystal
display panel 2, and a metal bezel 13 provided on a front
surface side of the liquid crystal display panel 2. The liquid
crystal display panel 2 is configured such that (i) a pair of
substrates, i.e., a thin film transistor (TFT) array substrate and
a color filter (CF) substrate, are arranged so as to face each
other in parallel at a predetermined distance, (ii) a space
between the two substrates is filled with liquid crystal and (iii)
the back surface of the liquid crystal display panel 2 is to be
irradiated with light by the backlight unit 3. The light emitted
from the backlight unit 3 passes through the liquid crystal
display panel 2, thereby an image is visibly displayed on the
front surface of the liquid crystal display panel 2. Note that, in
the present embodiment, a nonmetal bezel can be used instead
of the metal bezel 13.
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[0058] The backlight unit 3, which irradiates the liquid
crystal display panel 2 with light, includes a metal backlight
chassis 4 which constitutes an outer frame of the backlight
unit 3. A plurality of straight CCFLs (Cold Cathode Fluores-
cent Lamps) 5 which serve as light source lamps are arranged
in a lamp holding surface 4a which is an inner surface of the
backlight chassis 4. Each of the plurality of CCFLs 5 is fixed
to the backlight chassis 4 with (i) electrode holders 6 and 6 to
be attached to end portions of each of the plurality of CCFLs
5 and (ii) a land grip 7 to hold a middle portion of each of the
plurality of CCFLs 5.

[0059] Above the plurality of CCFLs 5, a group of optical
sheets 8 is provided. The group of optical sheets 8 is to control
properties of light that enters the liquid crystal panel 2 from
the plurality of CCFLs 5 and properties of light that is
reflected by a reflection sheet 9, and is a stack of optical plates
or optical sheets such as a diffusion plate, a diffusion sheet, a
lens sheet, and/or a polarizing reflection sheet which are
stacked in this order from the bottom. The group of optical
sheets 8 is held, with the use of a frame 10, to placement parts
4f along long sides of the backlight chassis 4 and placement
parts 4g along short sides of the backlight chassis 4. The
frame 10 is a frame-shaped member made of metal or resin. A
periphery of the frame 10 has a side wall 105 pointing toward
the back surface side, and each side of the periphery has a
substantially reversed L-shaped cross-section surface. More-
over, in the side wall 104, there are two frame holes (a frame
hole 10¢ and a frame hole 10d) along a direction ofa short side
ofthe side wall 104, and there are four pairs of the frame hole
10c¢ and the frame hole 104 along a direction of a long side of
the side wall 105.

[0060] Thebacklight chassis 4 is constituted by (i) a chassis
member 11 obtained by forming, by sheet metal processing, a
metal plate material into a base plate 45 in a form of a flat plate
which base plate serves as the lamp holding surface 4a and
side walls 4¢ and 4c¢ along long sides of the base plate 45 and
(i1) side holder members 12 and 12 having side walls 4d and
4d along short sides of the base plate 45 which side walls 44
and 44 are made of a resin material. The backlight chassis 4
has: the lamp holding surface 4a constituted by the base plate
4b; and the placement parts 4f and the placement parts 4g
which are provided on top of the side walls 4¢ and the side
walls 4d, respectively. On the placement parts 4f and the
placement parts 4g, the group of optical sheets 8 is placed and
held by the frame 10 which is attached so as to cover the group
of optical sheets 8.

[0061] Further, on the back surface side of the CCFLs 5,
that is, on the base plate 45 of the backlight chassis 4, the
reflection sheet 9 which is white in color is provided. This
reflection sheet 9 reflects, toward the liquid crystal display
panel 2, light that is emitted from the CCFLs 5 toward the
reflection sheet 9. Note that, on a back surface of the backlight
chassis 4, an inverter circuit board 16 and a control circuit
board 17 are provided. The inverter circuit board 16 generates
a high-voltage pulse voltage for driving the CCFLs 5, and the
control circuit board 17 controls operation of the liquid crys-
tal display panel 2. The inverter circuit board 16 and the
control circuit board 17 are covered with an inverter circuit
board cover 18 and a control circuit board cover 19, respec-
tively.

[0062] On the front surface side of the frame 10 of the
backlight unit 3 configured like above, the liquid crystal dis-
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play panel 2 is provided. The liquid crystal display panel 2
and the backlight unit 3 are held by the metal bezel 13 in a
form of a frame.

[0063] Note that, although FIG. 1 is based on the assump-
tion that light sources are the CCFLs, LED light sources can
be used instead of the CCFLs.

[0064] FIG.2isaview schematically illustrating a configu-
ration of the liquid crystal display panel. As illustrated in FIG.
2, the liquid crystal display panel 2 is configured such that a
TFT array substrate 21 and a CF substrate 22 are arranged so
as to face each other at a predetermined gap via liquid crystal.

[0065] On the almost entire surface of the CF substrate 22,
a common electrode, a lattice-like black matrix, and color
filters of red, blue, green, and/or the like are provided (each of
which is not illustrated). On the TFT substrate 21, a plurality
of source wires 24S extending in a vertical direction in par-
allel to each other and a plurality of gate wires 24G extending
in a horizontal direction in parallel to each other are arranged
so as to intersect each other. In respective pixel regions
defined in a lattice manner by the source wires 24S and the
gate wires 24G, pixel electrodes 23 are provided. In the
vicinities of intersections of the source wires 24S and the gate
wires 24G, TFTs 25 serving as switching elements are pro-
vided. Note here that the source wires 24S supply, to the pixel
electrodes 23, voltages based on image signals, while the gate
wires 24G supplies signals to turn on/off the TFTs 25.

[0066] Source electrodes S of the TFTs 25 are connected to
the source wires 24S, and gate electrodes G ofthe TFTs 25 are
connected to the gate wires 24G. Drain electrodes D of the
TFTs 25 are connected to the pixel electrodes 23. The gate
wires 24G are connected to a gate driver IC 27, and the source
wires 24S are connected to a source driver IC 28. Both the
gate driver IC 27 and the source driver IC 28 are connected to
the control circuit board 17, and are individually controlled.

[0067] The control circuit board 17 supplies a scanning
signal voltage Vg to the gate driver IC 27 which is connected
to the gate wires 24, and the gate driver IC 27 applies the
scanning signal voltage Vg to each of the gate wires 24G. The
control circuit board 17 supplies an image signal and an
image signal voltage Vs based on the image signal to the
source driver IC 28 which is connected to the source wires
248, and the source driver IC 28 applies the image signal
voltage Vs to each of the source wires 24S.

[0068] Note here that the gate driver IC 27 selects one of the
gate wires 24G and applies the scanning signal voltage Vg to
the one of the gate wires 24G so as to turn on all TFTs 25 that
are connected to the selected one of the gate wires 24G. In
synchronization with this, the source driver IC 28 applies, to
all of the source wires 24S, the image signal voltages Vs
corresponding to driven states of the respective pixels so that
all the pixel electrodes 23 which are connected to the respec-
tive TFTs 25 receive the image signal voltages Vs.

[0069] Note here that a difference between a common volt-
age Vcom applied to the common electrode and the image
signal voltage Vs of each of the pixel electrodes 23 is a liquid
crystal driving voltage VL.C for driving liquid crystal 26.
While the liquid crystal 26 is driven by the liquid crystal
driving voltage VLC, the liquid crystal driving voltage VLC is
retained by the liquid crystal 26 and a storage capacitor CS.
Then, the gate driver IC 27 selects and scans the gate wires
24G sequentially from the top (as indicated by an arrow 40 in
FIG. 2), thereby all the pixels are driven and an image for one
frame (i.e., one screen) is displayed. By repeating this process
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at a predetermined frame frequency (frequency at which
scanning for one screen is repeatedly carried out), a moving
image is displayed.

[0070] Further, as illustrated in FIG. 1, a plurality of flex-
ible wiring boards 29 are connected to one short side of four
sides of the liquid crystal display panel 2 which is a rectangle.
Similarly, a plurality of flexible wiring boards 30 are con-
nected to one long side of the four sides. On the flexible
wiring boards 29, there are provided gate driver ICs 27 for
supplying scanning signal voltages Vg to the gate wires 24G.
On the flexible wiring boards 30, there are provided source
driver ICs 28 for supplying, to the source wires 24S, image
signal voltages Vs based on image signals.

[0071] Note here that one printed circuit board 31 is con-
nected to five flexible wiring boards 30 to which source driver
ICs 28 are provided. Furthermore, two printed circuit boards
31 are connected to the control circuit board 17 via cables (not
illustrated). Note that the flexible wiring boards to which the
gate driver ICs 27 are provided are connected to the printed
circuit boards 31 via internal wires (not illustrated) on the
liquid crystal display panel 2 and via some of wires on the
flexible wiring boards 30.

[0072] Each of the printed circuit boards 31 has a long and
narrow shape, for example, a rectangle as illustrated in FIG. 1,
and is provided along the periphery of the liquid crystal
display panel 2. On a surface or on an internal layer of the
each of the printed circuit boards 31, various wire patterns are
provided along a direction of a long side. As illustrated in
FIG. 1, a plurality of flexible wiring boards 30 are connected
to one printed circuit board 31. This makes it possible to
supply scanning signal voltages Vg to the gate driver ICs 27
and supply image signal voltages Vs to the source driver ICs
28.

[0073] FIG. 3 is a cross sectional view for explaining an
internal configuration of the liquid crystal display device 1.
FIG. 3 is, more specifically, a cross sectional view of an
assembled liquid crystal display device 1, which cross sec-
tional view is taken along a plane normal to a direction of a
long side of the metal bezel 13.

[0074] As illustrated in FIG. 1 and FIG. 3, the metal bezel
13 is a frame-shaped member which has a revered L-shaped
cross-section surface and which has a function of holding and
protecting the liquid crystal display panel 2. The metal bezel
13 is attached so as to cover an upper surface and a side
surface of the periphery of the liquid crystal display panel 2.
The metal bezel 13 is obtained by shaping a plate made of a
metal such as a stainless steel into a quadrilateral frame hav-
ing an opening by press working or the like. Note here that
each side of the metal bezel 13 has a reversed L-shaped
cross-section surface made up of an upper wall 13q and a side
wall 135. The side wall 135 points toward the back surface
side. In the same manner as the metal bezel 13, the frame 10
has a reversed L-shaped cross-section surface, and, on an
upper wall 10a of the frame 10, the liquid crystal display
panel 2 is placed. A side wall 105 of the frame 10 is in contact
with a printed circuit board 31, and has a plurality of frame
holes (frame holes 10c and 104).

[0075] The printed circuit board 31 is provided, between
the periphery of the backlight unit 3 and the side wall 135 of
the metal bezel 13, in substantially parallel to and away from
the side wall 134. The printed circuit board 31 is connected to
a flexible wiring board 30 at a wire land part 315 of a wire
pattern 31a.
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[0076] Further, as illustrated in FIG. 3, according to an
assembled liquid crystal display device 1, the flexible wiring
board 30 is bent, and an end of the flexible wiring board 30,
which end is not connected to the wire land part 315, is
connected to a land part of a source wire 24S of the liquid
crystal display panel 2.

[0077] Note that, before the flexible wiring boards 30 are
bent (see FIG. 1), electric conductors 14 are provided to the
back surfaces of the printed circuit boards 31.

[0078] According to FIG. 3, an electric conductor 14 is
constituted by a metal foil 14a and an elastic body 145, and is
inserted in a frame hole 10c. The metal foil 14a and the elastic
body 145 are elastically deformable, and thus allow changes
in the relative positions of the printed circuit board 31 and the
backlight chassis 4 which changes are caused by deformation
due to pressure, expansion due to heat, or the like. That is,
since the electric conductor 14 is elastically deformable, no
force is applied from the electric conductor 14 to the printed
circuit board 31 even when the relative positions of the
printed circuit board 31 and the backlight chassis 4 change.
Accordingly, no force is applied to the flexible wiring board
30 which is connected to the printed circuit board 31, and
therefore it is possible to prevent a disconnection in wires
provided on the flexible wiring board 30. Note that the electric
conductor is not limited provided that the electric conductor is
conductive, and can be a member constituted by the elastic
body 145 such as a sponge which is covered with the metal
foil 14a or the like as illustrated in FIG. 3. Alternatively, the
electric conductor can be constituted by a spring or the like.
[0079] In this frame hole 10c¢, the metal foil 14a is fixed to
a ground land part 31/ on the printed circuit board 31 via an
electrically conductive tape 15 such that the metal foil 14a is
electrically connected to the ground land part 311 The ground
land part 31f'is provided on a surface of the printed circuit
board 31 which surface faces the backlight chassis. Further,
the electric conductor 14 is inserted in the frame hole 10c¢, and
is elastically deformable. Since the electric conductor 14 is
inserted in the frame 10¢, the electric conductor 14 does not
come out of the frame hole 10c even if the electrically con-
ductive tape 15 becomes less adhesive. Therefore, it is pos-
sible to hold the electric conductor 14 in place, and also
possible to for example prevent the electric conductor 14
from moving and causing a short circuit in wires on sub-
strates. Further, since the electric conductor 14 is elastically
deformable, it is possible to unfailingly keep the printed cir-
cuit board and the metal backlight chassis electrically con-
nected to each other even if a distance between the printed
circuit board and the metal backlight chassis changes due to
impact from outside or the like.

[0080] Further, since the frame 10 has a plurality of frame
holes 10¢ and a plurality of frame holes 104 as illustrated in
FIG. 1, a hole into which the electric conductor 14 is to be
inserted can be selected as appropriate. Therefore, it is pos-
sible to select a most appropriate insertion hole depending on
the layout of the wires on the printed circuit board 31 so that
no short circuit will occur in the wires. In other words, the
same frame 10 can be used for different printed circuit boards
having respective different wire layouts. Therefore, it is pos-
sible to reduce production costs.

[0081] Further, as illustrated in FIG. 3, according to the
present embodiment, it is not the metal bezel 13 but the
backlight chassis 4 that is electrically connected via the elec-
tric conductor 14 with the ground land part 31/ of the printed
circuit board 31. Unlike the metal bezel 13, the backlight
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chassis 4 is not in a form of a bar but in a form of a large-area
plate. Further, the printed circuit board 31 has surface contact
with the backlight chassis 4 via the electric conductor 14.
Therefore, noise currents due to electric conduction are not
concentrated in the backlight chassis 4. This enables the lig-
uid crystal display device 1 in accordance with the present
embodiment to reduce unnecessary radiation as compared to
a conventional configuration in which the ground land part
31fis electrically connected to the metal bezel 13 directly.
[0082] Further, according to the present embodiment, the
printed circuit board 31 is provided in substantially parallel to
and away from the side wall 135 of the metal bezel 13, and is
thus not electrically connected to the metal bezel 13 directly.
[0083] Note that the metal bezel 13 is fixed to the chassis
member 11 of the backlight chassis 4 with the use of a screw
or the like, and therefore the metal bezel 13 and the printed
circuit board 31 are electrically connected to each other indi-
rectly. However, since the backlight chassis 4 which is large in
area and the printed circuit board 31 are electrically con-
nected to each other via the electric conductor 14, noise
currents are not concentrated. Therefore, resonance in which
a screwed part serves as a node is less likely to occur. This
makes it possible to suppress unnecessary radiation.

[0084] FIG. 4 is a view schematically illustrating relative
positions of the wires on the printed circuit board and a frame
hole, which are included in the liquid crystal display device.
It is often the case that a group of differential wires 31g for
transmitting data to a source driver IC 28 are arranged on a
surface of the printed circuit board 31 which surface faces the
backlight chassis 4. In order to eliminate risks of short circuits
that may occur due to the group of differential wires 31g
making contact with the ground land part 31/, the ground land
part 31fon the printed circuit board 31 is preferably provided
away from the group of differential wires 31g. However, the
group of differential wires 31g may be provided in different
positions depending on printed circuit boards. In view of'this,
according to the present embodiment, a plurality of frame
holes, i.e., the frame holes 10c and 104, are provided along a
direction of a short side of the printed circuit board 31. This
makes it possible to insert the electric conductor 14 into either
the frame hole 10c¢ or the frame hole 104, whichever is appro-
priate for the position of the group of differential wires 31g.
Note that the number of frame holes along a direction of a
short side of the frame 10 is not limited in particular, and can
be one or three or more. Further, the number of frame holes
along a direction of a long side of the frame 10 is not limited
in particular.

[0085] Furthermore, as illustrated in FIG. 1, there are a
plurality of frame holes along a direction of a long side of the
printed circuit board 31. Therefore, it is possible to insert a
plurality of electric conductors into the plurality of frame
holes along the direction of the long side, and also possible to
freely select frame holes into which the plurality of electric
conductors are to be inserted. By inserting the plurality of
electric conductors into the frame holes, it is possible to
electrically connect the backlight chassis 4 to ground land
parts 31/ of the printed circuit boards 31 stably over a large
area. Further, by inserting a plurality of electric conductors
into a plurality of frame holes, it is possible to increase struc-
tural strength of the frame 10 etc. as compared to a case where
one large frame hole and one large electric conductor are
used.

[0086] The following explains the steps of assembling the
liquid crystal display device 1 of the present embodiment.
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First, the reflection sheet 9 is laid on the lamp holding surface
4a ofthe chassis member 11 of the backlight chassis 4. Then,
each of the CCFLs 5 is fixed to the front surface of the
reflection sheet 9, with the use of the electrode holders 6 and
6 and the land grip 7. Next, the side holder members 12 and 12
are aligned to the respective short sides of the backlight chas-
sis 4, and are attached so as to cover the electrode holders 6
and 6 at the both ends of the CCFLs 5. Thereafter, the group
of optical sheets 8 is placed on the placement parts 4f'and 4g
ofthe backlight chassis 4 assembled like above, and the frame
10 is attached from the front surface side of the group of
optical sheets 8.

[0087] Next, theliquid crystal display panel 2, to which t he
printed circuit boards 31 are connected via the flexible wiring
boards 30, is placed on the front surface of the frame 10, that
is, on the upper wall 10a. Note here that the flexible wiring
boards 30 provided with the driver ICs 28 are bent so as to
point toward the back surface side, and the printed circuit
boards 31 are fixed to an outside surface of the side wall 1056
of the frame 10. At this time, the electric conductor 14, which
has been attached to the ground land part 31f of each of the
printed circuit boards 31 via the electrically conductive t ape
15, is inserted into the frame hole 10¢ or the frame hole 104.
After that, the metal bezel 13 is attached so as to cover the
front surface side of the liquid crystal display panel 2, and is
fixed to the chassis member 11 of the backlight chassis 4 with
the use of a screw or the like.

[0088] Next, the inverter circuit board 16 and the control
circuit board 17 are fixed to the back surface of the backlight
chassis 4, and the inverter circuit board cover 18 and the
control circuit board cover 19 are attached so as to cover the
inverter circuit board 16 and the control circuit board 17,
respectively. Then, the inverter circuit board 16 is connected
to the CCFLs 5 with the use of cables (not illustrated), and the
control circuit board 17 is connected to the printed circuit
boards 31 with the use of cables (not illustrate) in the same
manner. The liquid crystal display panel 1 can be assembled
in this manner.

[0089] Alternatively, as illustrated in FIG. 5, the electric
conductor 14 can be fixed inside the frame hole 10c¢ with the
use of the electrically conductive tape 15 bonded to the back-
light chassis 4. This arrangement also makes it possible to
electrically connect a printed circuit board 31 to the backlight
chassis 4 via the electric conductor 14 and the electrically
conductive tape 15.

[0090] Also according to this arrangement, since the back-
light chassis 4 is not a bar but a large-area plate unlike the
metal bezel 13, the printed circuit board 31 can have surface
contact with the backlight chassis 4 via the electric conductor
14. That is, noise currents due to electric conduction are not
concentrated in the backlight chassis 4. Therefore, it is pos-
sible to suppress unnecessary radiation.

[0091] Note that, although the frame 10 of the present
embodiment is a frame-shaped member made of metal or
resin, the frame 10 can be a soft member such as an insulation
sheet.

Modified Examples

[0092] The following description discusses modified
examples of the present embodiment with reference to FIGS.
6 and 7. FIG. 6 is a view illustrating a cross section of a liquid
crystal display device in accordance with another embodi-
ment of the present invention. FIG. 7 is another view illus-
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trating a cross section of a liquid crystal display device in
accordance with a further embodiment of the present inven-
tion.

[0093] Instead of a CCFL 5, an LED 35 can be used as a
light source. In a case where the LED 35 is used, the LED 35
is attached to a heat sink 33 via an LED substrate 34 (see
FIGS. 6 and 7). According to this arrangement, light emitted
from the LED 35 enters a light guide plate 32, spreads widely
by being repeatedly reflected at internal surfaces of the light
guide plate 32, and then is emitted to the back surface side of
the liquid crystal display panel 2.

[0094] As illustrated in FIG. 6, the LED 35 is provided to
the LED substrate 34, and the LED substrate 34 is attached to
the heat sink 33. The heat sink 33 is electrically connected to
the backlight chassis 4. The heat sink 33 is an electrically
conductive member which, by being attached to a heat-gen-
erating member or the like, dissipates heat from the heat-
generating member or the like. Therefore, the heat sink 33
dissipates heat coming from the LED 35 via the LED sub-
strate 34, and prevents the LED 35 from deteriorating due to
heat. Further, according also to the arrangement in which the
LED 35 is used as a light source, as is the case with FIGS. 3
and 5 in which the CCFL 5 is used as a light source, the
printed circuit board 31 has surface contact with the backlight
chassis 4 via the electric conductor 14. Therefore, noise cur-
rents due to electric conduction are not concentrated in the
backlight chassis 4, and therefore it is possible to suppress
unnecessary radiation.

[0095] Alternatively, the heat sink 33 can be provided
between the backlight chassis 4 and the electric conductor 14
and electrically connected to the backlight chassis 4 and the
electric conductor 14 (see FIG. 7). According also to such a
configuration, since the backlight chassis 4 is a large-area
plate, the printed circuit board 31 can have surface contact
with the backlight chassis 4 via the electric conductor 14 and
the heat sink 33. Specifically, noise currents due to electric
conduction are not concentrated in the backlight chassis 4,
and therefore it is possible to suppress unnecessary radiation.
[0096] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

CONCLUSION

[0097] As has been described, a liquid crystal display
device in accordance with the present invention includes: a
liquid crystal display panel; a metal backlight chassis
attached so as to cover a back surface of a backlight unit
which irradiates the liquid crystal display panel with light; a
bezel in a shape of a frame, which bezel is attached so as to
cover an upper surface and a side surface of a periphery of the
liquid crystal display panel; a printed circuit board provided
between a periphery of the backlight unit and the bezel; an
electric conductor via which a side wall of the metal backlight
chassis and a ground land part of the printed circuit board are
electrically connected with each other; and a frame provided
between the metal backlight chassis and the printed circuit
board, the frame having an insertion hole in which the electric
conductor is inserted.

[0098] According to the above configuration, the ground
land part of the printed circuit board is electrically connected
to the metal backlight chassis. The metal backlight chassis is
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provided so as to cover the back surface of the backlight unit
which irradiates the liquid crystal display panel with light,
and therefore noise currents are not concentrated in the metal
backlight chassis. Therefore, according to the above configu-
ration, unnecessary radiation is suppressed as compared to
conventional techniques.

[0099] Furthermore, according to the above configuration,
the electric conductor via which the side wall of the metal
backlight chassis and the ground land part of the printed
circuit board are electrically connected is inserted in the inser-
tion hole in the frame. Therefore, the electric conductor is
fixed by the insertion hole, and the position of the electric
conductor does not change. This makes it possible to prevent
the electric conductor from being displaced and thus prevent
short circuits etc. from occurring in wires.

[0100] A liquid crystal display device in accordance with
the present invention includes: a liquid crystal display panel;
a metal backlight chassis attached so as to cover a back
surface of a backlight unit which irradiates the liquid crystal
display panel with light; a bezel in a shape of a frame attached
s0 as to cover an upper surface and a side surface of a periph-
ery of the liquid crystal display panel; a heat sink electrically
connected to a periphery of the backlight unit; a printed
circuit board provided between the heat sink and the bezel; an
electric conductor via which a side wall of the heat sink and a
ground land part of the printed circuit board are electrically
connected to each other; and a frame provided between the
heat sink and the printed circuit board, the frame having an
insertion hole in which the electric conductor is to be inserted.
[0101] According to the above configuration, the ground
land part of the printed circuit board is electrically connected
to the metal backlight chassis via the heat sink. The metal
backlight chassis is provided so as to cover the back surface of
the backlight unit which irradiates the liquid crystal display
panel with light, and therefore noise currents are not concen-
trated in the metal backlight chassis. Therefore, according to
the above configuration, unnecessary radiation is suppressed
as compared to conventional techniques.

[0102] Oneembodiment of the liquid crystal display device
in accordance with the present invention is preferably
arranged such that the frame has a plurality of insertion holes
arranged along a direction of a short side of the frame; and the
electric conductor is inserted in any of the plurality of inser-
tion holes.

[0103] According to the above configuration, there are the
plurality of insertion holes along a direction of the short side
ofthe frame, and the electric conductor is selectively inserted
in any of the plurality of insertion holes. Therefore, it is
possible to select the most appropriate insertion hole depend-
ing on a layout of the wires on the printed circuit substrate so
that no short circuit will occur in wires. In other words, it is
possible to use the same frame for different printed circuit
boards having different wire layouts. This brings about a
further effect of reducing production costs.

[0104] In one embodiment of the liquid crystal display
device in accordance with the present invention, it is prefer-
able that the frame has a plurality of insertion holes arranged
along a direction of a long side of the frame, and the electric
conductor is inserted in each of the plurality of insertion
holes.

[0105] According to the above configuration, since the
electric conductor is inserted in each of the plurality of inser-
tion holes, it is possible to electrically connect the metal
backlight chassis with the ground land part more stably in
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comparison with a configuration in which there is only one
insertion hole. Further, according to the above configuration,
it is possible to increase structural strength of the frame in
comparison with a case where there is a single large insertion
hole.

[0106] In one embodiment of the liquid crystal display
device in accordance with the present invention, it is prefer-
able that the electric conductor is elastically deformable.
[0107] According to the above configuration, since the
electric conductor is elastically deformable, the electric con-
ductor is capable of easily deforming when subjected to heat
or pressure. Therefore, even if a distance between the printed
circuit board and the metal backlight chassis changes due to
impact from outside or the like, it is possible to unfailingly
keep the printed circuit board and the metal backlight chassis
electrically connected to each other. Further, since no force is
applied from the electric conductor to the board, it is possible
to reduce risks of disconnection in wires provided on the
substrate. Moreover, for example, even in a case where the
flexible wiring board is connected to the printed circuit board,
it is possible to reduce risks of disconnection in wires pro-
vided on the flexible wiring board.

INDUSTRIAL APPLICABILITY

[0108] A liquid crystal display device in accordance with
the present invention, which liquid crystal display device is
configured to suppress EMI, is applicable to display sections
of electric home appliances such as a computer and a televi-
sion set.

Reference Signs List

[0109] 1 Liquid crystal display device
[0110] 2 Liquid crystal display panel
[0111] 3 Backlight unit

[0112] 4 Backlight chassis

[0113] 5CCFL

[0114] 6 Electrode holder

[0115] 7 Land Grip

[0116] 8 Group of optical sheets
[0117] 9 Reflection sheet

[0118] 10 Frame

[0119] 10¢, 104 Frame hole (Insertion hole)
[0120] 11 Chassis member

[0121] 12 Side holder member

[0122] 13 Metal bezel

[0123] 14 Electric conductor

[0124] 14a Metal foil

[0125] 145 Elastic body

[0126] 15 Electrically conductive tape
[0127] 16 Inverter circuit board
[0128] 17 Control circuit board
[0129] 18 Inverter circuit board cover
[0130] 19 Control circuit board cover
[0131] 21 TFT array substrate

[0132] 22 CF substrate

[0133] 23 Pixel Electrode

[0134] 24g Gate wire

[0135] 245 Source wire

[0136] 25 TFT

[0137] 27 Gate driver IC

[0138] 28 Source driver IC

[0139] 30 Flexible wiring board

[0140] 31 Printed circuit board
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[0141] 31d, 31f'Ground land part
[0142] 31g Group of differential wires
[0143] 32 Light guide plate

[0144] 33 Heat sink

[0145] 34 LED substrate

[0146] 35LED

1-5. (canceled)

6. A liquid crystal display device comprising:

a liquid crystal display panel;

a metal backlight chassis attached so as to cover a back
surface of a backlight unit which irradiates the liquid
crystal display panel with light;

a bezel in a shape of a frame, which bezel is attached so as
to cover an upper surface and a side surface of a periph-
ery of the liquid crystal display panel;

a printed circuit board provided between a periphery of the
backlight unit and the bezel;

an electric conductor via which a side wall of the metal
backlight chassis and a ground land part of the printed
circuit board are electrically connected with each other;
and

a frame provided between the metal backlight chassis and
the printed circuit board, the frame having an insertion
hole in which the electric conductor is inserted.

7. The liquid crystal display device as set forth in claim 6,

wherein:

the frame has a plurality of insertion holes arranged along
a direction of a short side of the frame; and

the electric conductor is inserted in any of the plurality of
insertion holes.

8. The liquid crystal display device as set forth in claim 6,

wherein:

the frame has a plurality of insertion holes arranged along
a direction of a long side of the frame; and

the electric conductor is inserted in each of the plurality of
insertion holes.

9. The liquid crystal display device as set forth in claim 6,

wherein the electric conductor is elastically deformable.

10. A liquid crystal display device comprising:

a liquid crystal display panel;

a metal backlight chassis attached so as to cover a back
surface of a backlight unit which irradiates the liquid
crystal display panel with light;

abezel ina shape of a frame attached so as to cover an upper
surface and a side surface of a periphery of the liquid
crystal display panel;

a heat sink electrically connected to a periphery of the
backlight unit;

a printed circuit board provided between the heat sink and
the bezel,

an electric conductor via which a side wall of the heat sink
and a ground land part of the printed circuit board are
electrically connected to each other; and

a frame provided between the heat sink and the printed
circuit board, the frame having an insertion hole in
which the electric conductor is to be inserted.

11. The liquid crystal display device as set forth in claim

10, wherein:

the frame has a plurality of insertion holes arranged along
a direction of a short side of the frame; and

the electric conductor is inserted in any of the plurality of
insertion holes.

12. The liquid crystal display device as set forth in claim

10, wherein:
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the frame has a plurality of insertion holes arranged along
a direction of a long side of the frame; and
the electric conductor is inserted in each of the plurality of
insertion holes.
13. The liquid crystal display device as set forth in claim
10, wherein the electric conductor is elastically deformable.
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