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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent applications No. 2009-
027964 filed on Feb. 10, 2009, and No. 2009-281080 filed on
Dec. 11, 2009, the disclosure of which is incorporated herein
in its entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play (LCD) device and, more particularly, to an LCD device
including a liquid crystal (LC) panel and front and rear frames
that sandwich therebetween the LC panel.

BACKGROUND ART

[0003] An LCD device includes an LC panel, a backlight
unit that irradiates the LC panel from the rear side, and front
and rear frames that sandwich therebetween the LC panel.
The rear frame supports the backlight unit and may be
referred to as backlight chassis. The front frame is disposed in
front of the LC panel, and supports the LC panel between the
same and the rear frame.

[0004] In the LCD device, there is a risk that dust enters
through a gap between the LC panel and the front and rear
frames to degrade the image quality of'the LCD device. Thus,
it is needed to provide a structure that prevents the ingress of
dust into the LCD device.

[0005] Patent Publication-1 describes an LCD device
including the structure for preventing the ingress of dust,
wherein an elastic spacer is sandwiched between the LC
panel and the rear frame. The spacer is made of a soft, elastic
urethane foam etc., and has a front surface in contact with the
LC panel and a rear surface in contact with the rear frame.
[0006] Patent Publication-2 describes an LCD device
including an elastic body that supports the LC panel at the rear
side thereof. The elastic body has a pointed top that contacts
the LC panel, and deforms due to the weight of the L.C panel
to thereby clog the gap between the L.C panel and the elastic
body by the repulsive force thereof.

[0007] Patent Publication-3 describes an LCD device that
includes an elastic member disposed between the LC panel
and a mold body configuring the backlight unit. The elastic
member has a rear surface attached onto the backlight unit
and a front surface in contact with the LC panel at any time,
thereby preventing generation of a gap between the LC panel
and the elastic member.

[0008] Patent Publication-4 describes an LCD device that
includes a groove formed on the rear frame and a spacer
received in the groove. The spacer is an elastic member of a
ring shape or annular shape and supports the LC panel. The
spacer is deformed due to the weight of the LC panel to clog
the gap between the LC panel and the elastic member rear
frame by the repulsive force thereof.

[0009] Patent Publication-5 describes an LCD device that
includes a groove on the rear frame and a ring-shaped elastic
body received in the groove. The elastic body clogs the gap
between the LC panel and the rear frame, and at the same time
reduces a shock or vibration transferred to the LC panel.
[0010] Patent Publication-6 describes an LCD device that
includes an LC panel including top and bottom substrates and
a spacer for fixing together the front frame having a narrow
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width and the LC panel. The spacer is fixed onto the front
frame or a marginal space of the bottom substrate that pro-
trudes from the top substrate.

[0011] The Patent Publications as recited above include:
[0012] Patent Publication-1—JP-2000-19529A;
[0013] Patent Publication-2—JP-2005-91971A;
[0014] Patent Publication-3—JP-2005-275103A;
[0015] Patent Publication-4—JP-1998-206828A;
[0016] Patent Publication-5—JP-1997-22000A; and
[0017] Patent Publication-6—IJP-1999-305206A.

[0018] The following is the analysis performed by the

present inventor before accomplishment of the present inven-
tion. There is no recitation in Patent Publication-1 as to
whether or not the elastic body disposed between the LC
panel and the rear frame in the LCD device is fixed onto either
ofthe L.C panel and rear frame. In this case, if the elastic body
is not fixed onto at least one of the LC panel and rear frame,
the LCD device is liable to the ingress of dust after the LC
panel moves in the direction normal to the LC panel, i.e.,
screen. On the other hand, if the elastic body is fixed onto both
LC panel and rear frame, a stress acting on the LC panel
and/or rear frame due to a strain or deformation cannot be
relieved, thereby possibly causing the LC panel to generate
disturbance of light distribution and have a reduced image
quality.

[0019] In the LCD devices described in Patent Publica-
tions-2 to -4, the elastic body is deformed to contact the LC
panel due to the repulsion force of the elastic body. This
causes acting of a shock or vibration onto the LCD device,
and if the LC panel moves in the direction normal to the
screen, a gap is momentarily formed between the elastic body
and the LC panel, thereby causing the ingress of dust. More-
over, a distortion of parts during assembly of the parts or a
deformation of the parts due to a heat stress, if arises, will also
cause the occurrence of a gap between the elastic body and the
LC panel. Furthermore, a particular shape of the elastic body
for preventing the ingress of dust, if employed as in the LCD
device described in Patent Publication-2, will reduce the elas-
ticity or flexibility of the elastic body due to the time degra-
dation, to deform the pointed shape of the elastic body and
possibly degrade the dimensional accuracy. In this case, a
clearance between the parts may be changed to generate the
gap, thereby degrading the performance of preventing the
ingress of dust.

[0020] Furthermore, the range of variation in the dimen-
sional accuracy of the parts as well as the distortion occurring
during assembly of the parts may reduce the clearance
between the rear frame and the LC panel or may increase the
thickness of the elastic body itself, thereby increasing the load
acting on the LC panel from the elastic body. In such a case,
the LC panel may generate a disturbance of light distribution
to degrade the image quality thereof. Although Patent Publi-
cation-4 recites that the spacer is disposed within the groove
formed on the rear frame, this groove only assists assembly of
the ring-shaped spacer to facilitate assembly of the LCD
device.

[0021] Although Patent Publication-5 describes a groove
formed on the rear frame, it is not disclosed that a shock or
vibration is applied onto the LCD device, and that a momen-
tary gap occurs between the LC panel and the elastic body.
[0022] The LCD device described in Patent Publication-6
uses the spacer for fixing together the front frame having a
narrow width and the L.C panel. However, prevention of the
ingress of dust onto the front surface or rear surface of the LC
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panel is not disclosed in this publication. This means the dust
will enter the LCD device across the surface of the spacer that
is not fixed by adhesive.

SUMMARY OF THE INVENTION

[0023] It is therefore an object of the present invention to
provide an LCD device that is capable of preventing the
ingress of dust that causes degradation of the image quality.
[0024] The present invention provides, in a first aspect
thereof, an LCD device including: a liquid crystal panel; front
and rear frames sandwiching therebetween the LC panel; at
least one latch structure engaging together the L.C panel and
one of the front and rear frames, wherein the latch structure
includes a convex portion fixed onto a surface of one ofthe LC
panel and the one of the front and rear panels and a concave
portion formed on an opposing surface of the other of the LC
panel and the one of the front and rear frames to receive
therein the convex portion, whereby the latch structure allows
and restricts movement ofthe L.C panel with respect to the one
of the front and rear frames in a first direction normal to the
LC panel and in a second direction parallel to the LC panel,
respectively.

[0025] The present invention provides, in a second aspect
thereof, an LCD device including: an LC panel; front and rear
frames sandwiching therebetween the LC panel; at least one
latch structure engaging together the L.C panel and one of the
front and rear frames, wherein the latch structure includes a
convex portion fixed onto a surface of one of the LC panel and
the one of the front and rear panels and a concave portion
formed on an opposing surface of the other of the LC panel
and the one of the front and rear frames to receive therein the
spacer, and a length of a part of the convex portion received in
the concave portion as viewed in a first direction normal to the
LC panel is longer than an offset distance between the LC
panel and the other of the front and rear frames.

[0026] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following description, referring to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIGS. 1A and 1B are an overall perspective view
and an exploded perspective view, respectively, of an LCD
device according to a first embodiment of the present inven-
tion.

[0028] FIG. 2A is a partial cross-sectional view of the LCD
device of the first embodiment taken long line A-A' in FIG.
1A, and FIG. 2B is an exploded view of the structure shown
in FIG. 2A.

[0029] FIG. 3 is an enlarged partial cross-sectional view of
the part of FIG. 2A.

[0030] FIG. 4 is a partial cross-sectional view of an LCD
device according to a second embodiment of the present
invention.

[0031] FIG. 5 is a partial cross-sectional view of an LCD
device according to a third embodiment of the present inven-
tion.

[0032] FIG. 6 is a partial cross-sectional view of an LCD
device according to a fourth embodiment of the present inven-
tion.

[0033] FIG. 7 is a partial cross-sectional view of an LCD
device according to a fifth embodiment of the present inven-
tion.
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[0034] FIG. 8 is a partial cross-sectional view of an LCD
device according to a sixth embodiment of the present inven-
tion.

[0035] FIG. 9 is a partial cross-sectional view of an LCD
device according to a seventh embodiment of the present
invention.

[0036] FIG. 10 is a partial cross-sectional view of an LCD
device according to an eighth embodiment of the present
invention.

[0037] FIG. 11 is a cross-sectional view similar to FIG. 2A
before assembly of the parts shown in FIG. 2A.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Before describing embodiments of the present
invention, the principle of the present invention will be
described for a better understanding of the present invention.
[0039] The LCD device according to the first aspect of the
presentinvention includes: an LC panel; front and rear frames
sandwiching therebetween the LC panel; at least one latch
structure engaging together the L.C panel and one of the front
and rear frames, wherein the latch structure includes a convex
portion fixed onto a surface of one of the L.C panel and the one
of the front and rear panels and a concave portion formed on
an opposing surface of the other of the LC panel and the one
of the front and rear frames to receive therein the convex
portion, whereby the latch structure allows and restricts
movement of the LC panel with respect to the one of the front
and rear frames in a first direction normal to the LC panel and
in a second direction parallel to the LC panel, respectively.
[0040] IntheLCD device according to the first aspect of the
present invention, the latch structure wherein the convex por-
tion is engaged with the concave portion stops the ingress of
dust that enters through the gap between one of the front and
rear frames and the LC panel, thereby preventing degradation
of the image quality of the LCD device caused by the dust. In
addition, the latch structure that allows the relative movement
of the LC panel with respect to the front frame or rear frame
alleviates the influence exerted on the L.C panel by a distortion
of the rear frame or front frame. Thus, the LC panel is sub-
stantially free from the disturbance of light distribution in the
LC layer caused by the distortion, thereby preventing degra-
dation of the image quality as well.

[0041] TheLCD device according to a second embodiment
of the present invention includes: an LC panel; front and rear
frames sandwiching therebetween the LC panel; at least one
latch structure engaging together the LC panel and one of the
front and rear frames, wherein the latch structure includes a
convex portion fixed onto a surface of one of the LC panel and
the one of the front and rear panels and a concave portion
formed on an opposing surface of the other of the LC panel
and the one of the front and rear frames to receive therein the
spacer, a length of a part of the convex portion received in the
concave portion as viewed in a first direction normal to the LC
panel is longer than an offset distance between the LC panel
and the other of the front and rear frames.

[0042] Inthe LCD device according to the second aspect of
the present invention, the latch structure, wherein the length
of'a part of the convex portion received in the concave portion
as viewed in the direction normal to the screen of the LC panel
is longer than the offset distance between the LC panel and
the other of the front frame and rear frame, allows the convex
portion to engage with the concave portion at any time even if
the LC panel moves in the direction normal to the screen,
thereby preventing the ingress of dust.
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[0043] The LCD device of the present invention may have
a configuration wherein the concave portionis a groove that is
a continuous, discrete or endless groove formed on the sur-
face of the other of the liquid crystal panel and the one of the
front and rear panels, and the convex portion is a spacer
having a shape corresponding to the groove. This configura-
tion simplifies the latch structure for preventing the ingress of
dust.

[0044] The LCD device of the present invention may have
a configuration wherein a gap is formed between the liquid
crystal panel and the one of the front and rear panels when a
top of the convex portion abuts a bottom surface ofthe groove.
In this configuration, the LC panel is supported by the latch
structure whereby distortion of the LC panel can be allevi-
ated.

[0045] The LCD device of the present invention may have
a configuration wherein the convex portion has a tapered rear
surface wherein the thickness of the convex portion reduces
from the outer periphery to the inner periphery thereof. In this
configuration, the frictional force between the convex portion
and the concave portion can be alleviated upon a movement of
the LC panel in the direction normal to the LC panel, thereby
preventing a distortion or damage on the LC panel.

[0046] The LCD device of the present invention may have
a configuration wherein a gap is formed between the liquid
crystal panel and the other of the front and rear panels when
a top of the convex portion abuts a bottom surface of the
groove. The latch structure allows the movement of the LC
panel in the direction normal thereto.

[0047] The LCD device of the present invention may have
a configuration wherein at least one of the convex portion and
a member that configures the concave portion is made of an
elastic material. In this configuration, a stress concentration
occurring in the LC panel can be reduced.

[0048] The LCD device of the present invention may have
a configuration wherein a top of the convex portion abuts a
bottom surface of the groove, and the liquid crystal panel
abuts the one of the front and rear frames. In this configura-
tion, the area by which the LC panel is supported can be
increased. This alleviates localization of the stress acting on
the LC panel, thereby preventing occurrence of an uneven
image. In addition, the increase of the area supporting the LC
panel prevents a warp of the LC panel.

[0049] The LCD device of the present invention may have
a configuration wherein a gap is formed between a rear sur-
face of the spacer and a bottom surface of the concave portion
when the liquid crystal panel abuts the one of the front and
rear frames. In this configuration, the L.C panel can be sup-
ported by the front frame or rear frame with a higher dimen-
sional accuracy.

[0050] The LCD device of the present invention may have
a configuration wherein the at least one latch structure include
a plurality of latch structures arranged in a direction from a
center of the liquid crystal panel toward a periphery thereof.
In this configuration, a higher performance of preventing the
ingress of dust can be obtained.

[0051] The LCD device of the present invention may have
a configuration wherein the liquid crystal panel includes an
optical film disposed on at least one of front and rear surfaces
thereof, the concave portion is a groove formed on the optical
film, and the convex portion is a spacer fixed onto the one of
the front and rear frames. This configuration facilitates the
process of forming the concave portion. The optical film can
use a polarizing film or other optical film or films.
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[0052] The LCD device of the present invention may have
aconfiguration wherein the at least one latch structure include
a first latch structure formed between the liquid crystal panel
and one of the front and rear frames and a second latch
structure formed between the liquid crystal panel and the
other of the front and rear frames. In this configuration, a
higher performance of preventing the ingress of dust can be
obtained.

[0053] Now, exemplary embodiments of the present inven-
tion will be described with reference to accompanying draw-
ings, wherein similar constituent elements are designated by
similar reference numerals throughout the drawings.

First Embodiment

[0054] FIG.1A s aperspective view of showing the overall
structure of an LCD device according to a first embodiment of
the present invention, whereas FIG. 1B is an exploded view of
the LCD device of FIG. 1A. The LCD device, i.e., LCD
module 10 includes an LC panel 11, a front frame 12, a
backlight unit 13, a rear frame 14 which is also referred to as
backlight chassis, and a spacer 15 which is also referred to as
convex portion. The front frame 12 is of a rectangular shape,
and covers the periphery of the LC panel 11 on the front
surface or display screen of the LC panel 11. The front frame
12 and the rear frame 14 sandwich therebetween the LC panel
11 for supporting the same. The backlight unit 13 has thereon
anirradiation surface 13a that irradiates the LC panel 11 at the
rear surface thereof. The light source of the backlight unit 13
may be a cold cathode, a light emitting diode (LED) or
another surface-emission source, and is not limited to any
type or principle of emission.

[0055] Therear frame 14 is a rectangular frame, and covers
and supports the periphery of the backlight unit 13. The rear
frame 14 and the LC panel 11 sandwich therebetween the
spacer 15. The rear frame 14 has an inner periphery 14a ofthe
frame that is larger than the outer periphery of the display
screen 11a of the LC panel 11, and an outer periphery that is
larger than the outer periphery of the LC panel 11. It is to be
noted that the rear frame 14 may be joined with the backlight
unit 13 to form a unitary body of the backlight unit, or may be
separate from the backlight unit 13. In the latter case, the rear
frame 14 may be referred to as an intermediate frame that is
sandwiched and supported between the backlight unit 13 and
the LC panel 11.

[0056] The internal structure of the LCD device 10 will be
described hereinafter with reference to FIGS. 2A, 2B and 3.
FIG. 2A is a partial cross-sectional view of the LCD device 10
taken along line A-A' in FIG. 1A, and FIG. 2B is an exploded
view of the part of LCD device 10 shown in FIG. 2A. FIG. 3
is an enlarged partial cross-sectional view of the part of LCD
device 10 shown in FIG. 2A. The spacer 15 is fixed onto the
rear surface of the LC panel 11, and configures a stripe convex
portion formed on the periphery of the LC panel 11. In FIG.
2B, the rear frame 14 has a front surface 144 that opposes the
rear surface 115 of the LC panel 11, and includes a groove 16
extending on the front surface 145 of the rear frame 14 for
receiving the spacer 15. FIG. 2B shows that the spacer 15 is
fixed onto the rear surface 1156 of the LC panel 11, and FIG. 3
shows that the groove 16 receives therein the spacer 15 for
engagement of the LC panel 11 with respect to the rear frame
14. The groove 16 and spacer 15 in combination configure a
latch structure.

[0057] The spacer 15 is not fixed onto the wall or bottom
surface ofthe groove 16 as by a double-sided tape or adhesive.
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Thus, when the LCD device 10 is applied with an external
force, the relative position of the spacer 15 with respect to the
groove 16 can be changed. More specifically, the latch struc-
ture allows the relative movement of the LC panel 11 with
respect to the rear frame 14 in the direction normal to the
screen of the LC panel 11, and restricts the relative movement
of the LC panel 11 in the direction parallel to the screen.
Although the latch structure is provided between the L.C panel
11 and the rear frame 14 in the present embodiment, the latch
structure may be provided between the LC panel 11 and the
front frame 12.

[0058] Thespacer 15 may have any configuration so long as
the spacer 15 is fixed onto the LC panel 11 and received in the
groove 16. As an example, the spacer 15 may be fixed onto the
LC panel 11 as by a double-sided tape or adhesive. The spacer
15 may be fixed onto the LC panel 11 by forming an
extremely smooth surface on both the spacer 15 and LC panel
11, and allowing both the smoothed surfaces to fix each other
by absorption. FIG. 11 shows an example for fixing the spacer
15 onto the LC panel 11. In FIG. 11, the spacer 15 having a
front surface applied with adhesive is first received in the
groove 16, followed by mounting the L.C panel onto the front
surface of the spacer 15 for assembly. This technique allows
an accurate alignment of the spacer 15 with the LC panel 11
after the bonding. The rear surface of the spacer 15 in F1G. 11
may be referred to as top surface of the convex portion after
the spacer 15 is fixed onto the L.C panel 11. In an alternative
of the process shown in FIG. 11, the LC panel 11 may be
provided with an attachment having a shallow groove that can
receive a part of the spacer 15, and the spacer 15 is fixed onto
the attachment by using adhesive. In a further alternative, the
body of the LC panel 11 may be formed to have thereon a
convex portion on the surface thereof.

[0059] The groove 16 may extend on the rear frame 14
along the entire periphery of the LCD device 10 to form an
endless groove or continuous groove, or may extend along
some part of the periphery, through which the dust may easily
enter the LCD device, to form a discrete or continuous
groove. The rear frame 14 may be made from any material
such as resin, metal and alloy.

[0060] The latch structure will be described in detail with
reference to FIG. 3. In FIG. 3, the spacer 15 is received in the
groove 16 for engagement, wherein the rear surface of the
spacer 15, i.e., the top surface of the convex portion, abuts the
bottom surface of the groove 16. The length d1 denotes the
distance by which the spacer 15 engages with the side surface
of the groove 16. The front surface 11a of the LC panel 11
opposes the rear surface 12a of the front frame 12 with a gap
d2 disposed therebetween. The rear surface 1156 of the LC
panel 11 opposes the front surface 145 of the rear frame 14
with a gap disposed therebetween. In this configuration, the
gap d2 denotes the offset distance or clearance between the
LC panel 11 and the front frame 12, wherein d1 is longer than
d2, whereby the engagement between the spacer 15 and the
groove 16 is not released even if the LC panel 11 moves
toward the front frame 12 at the maximum.

[0061] Thesituation where the ingress of dust into the LCD
device 10 is prevented will be described further with refer-
ence to FIG. 3. The dust “B” shown in FIG. 3 may enter the
interior of the LCD device 10 through the gap between the
front frame 12 and the LC panel 11. The dust B is stopped
however by the latch structure configured by the spacer 15
and the groove 16 receiving the spacer 15 at any time. Thus,
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the dust B cannot reach the rear surface of the LC panel 11 and
the irradiation surface 13a of the backlight unit 13.

[0062] In the LCD device 10, if an external force such as
vibration or shock is applied thereto, the LC panel 11 may
move toward the front frame by the clearance d2 in the Z-axis
direction. However, the distance d1 by which the spacer 15
engages with the groove 16 is longer than d2. Thus, if the LC
panel 11 moves in the Z-axis direction toward the front frame
12, the engagement of the spacer 15 with respect to the groove
16 is maintained at any time, whereby a gap is not provided in
the latch structure. Thus, the ingress of dust to the rear surface
of'the LC panel 11 and irradiation surface 13a of the backlight
unit 13 can be prevented, to thereby suppress occurrence of
the degradation of image quality of the LCD device 10.

[0063] Insome case, the LCD device 10 may be fixed onto
a housing while the rear frame 14 has been subject to a warp
or distortion. In this case, the LCD device 10 is applied with
an external force at any time. However, the spacer 15 is not
fixed onto the rear frame 14 and engages with the groove 16
while being allowed to move relative to the rear frame 14 in
the Z-axis direction. Thus, the warp or distortion is not trans-
ferred to the LC panel 11, which is not subject to the influence
by the warp or distortion and free from a deformation. As a
result, the LCD device 10 is free from the disturbance of light
distribution caused by the deformation of the LC panel 11 and
thus suppresses degradation of the image quality.

[0064] A warp or distortion of the rear frame 14 may be
caused by a molding or treatment process during manufacture
of'the LCD device or caused by heat generated by irradiation
of light or change of the ambient temperature during the
operation of the LCD device 10. The LC panel 11 may also be
subject to a warp or distortion. Even in such a case, the
relative movement of the spacer 15 with respect to the groove
16 alleviates the strain or distortion of the LC panel 11, to
maintain a superior image quality.

[0065] The LCD device 10 does not employ the structure
wherein the spacer 15 is compressed to exert a repulsive force
and thus clog the gap for preventing the ingress of dust, as in
the LCD devices of the Patent Publications. That is, the LC
panel is substantially free from an external force except for
the weight of itself, the external force degrading the image
quality of the LC panel 11.

Second and Third Embodiments

[0066] FIG. 4 is cross-sectional view of an LCD device
according to a second embodiment of the present invention.
The LCD device 10A is similar to the LCD unit 10 of the first
embodiment except that the rear surface 115 of the LC panel
11 abuts the front surface 144 of the rear frame 14 when the
rear surface 15a of the spacer 15 (top surface of the convex
portion) abuts the bottom surface 16a of the groove 16 in the
second embodiment. In this structure of the LCD device 10A,
the LC panel 11 is supported by the front surface 1456 of the
rear frame 14 as well as the latch structure configured by the
spacer 15 and groove 16.

[0067] Due to the above structure in the LCD device 10A,
the weight of the LC panel 11 is supported by an area that is
larger than the area supporting the L.C panel 11 in the first
embodiment. In other words, the weight of the LC panel 11 is
distributed to a larger supporting area in the present embodi-
ment, thereby reducing strain of the LC panel 11. The reduced
strain reduces the change of light distribution in the LC layer
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and suppresses the irregularity of image. Thus, the LCD
device 10A of the present embodiment further improves the
image quality.

[0068] In the LCD device 10A, even if the L.C panel 11
moves toward the front frame 12 due to an external force such
as vibration or shock, the length d1 that is larger than the
clearance d2 maintains the engagement of the spacer 15 with
respect to the groove 16, thereby preventing the ingress of
dust.

[0069] FIG. 5 is a cross-sectional view of an LCD device
according to a third embodiment of the present invention. The
LCD device 10B of the present embodiment is similar to the
LCD device 10A of the second embodiment except that the
rear surface 15a of the spacer 15 is apart from the bottom
surface 16a of the groove 16 without abutting the same when
the rear surface 115 of the LC panel 11 abuts the front surface
145 of the rear frame 14 in the present embodiment.

[0070] In the structure of the LCD device 10B, it is not
needed to perform an accurate adjustment that allows the rear
surface 156 of the spacer 15 to abut the bottom surface 16a of
the groove 16 when the rear surface 115 of the LC panel 11
abuts the front surface 145 of the rear frame 14. In addition,
the LC panel 11 is supported by the front surface 145 of the
rear frame 14 having a larger area than the bottom surface 16a
ofthe groove 16. Thus, the supporting area of the LC panel 11
in the present embodiment is larger than the supporting area
of the LC panel 11 in the first embodiment.

[0071] The following describes the relationship between
the supporting area of the LCD device 10A, 10B and the warp
of'the LC panel 11. The L.C panel 11 is subject to a warp that
is concave upward in the Z-axis direction, due to the self
weight of the LC panel 11 that is made from a glass plate or
transparent substrate, with the center ofthe LC panel 11 being
the bottom of the curvature that starts from the innermost
supporting point. The amount of curvature is increased with
an increase of the area of the LC panel 11 that is not supported
and defined by the innermost supporting point.

[0072] Inthe LCD devices 10A and 10B, the front surface
145 of the rear frame 14 acts as the supporting area, wherein
the innermost periphery of the rear frame 14 defines the
innermost supporting point of the LC panel 11. Thus, the
amount of curvature of the LC panel 11 in the LCD devices
10A and 10B is smaller than that in the LCD device 10 of the
first embodiment.

[0073] The following describes occurring of the warp in the
LC panel 11 that is convex upward as well as concave upward
due to the external force such as vibration or shock. As an
example, the case where the LCD device 10A shown in FIG.
4 is subject to the external force. In the structure of the LCD
device 10A, the rear surface 155 of the spacer 15 abuts the
bottom surface 165 of the groove 16 when the rear surface 1154
of the LC panel 11 abuts the front surface 1454 of the rear
frame 14, as described before.

[0074] Inthe LCD 10A, if the LC panel 11 is deformed to
have an uneven surface that is convex or concave upward in
the Z-axis direction due to the external force, such as vibra-
tion or shock, a stress concentration occurs on three surfaces
Al,A2 and A3 of the spacer 15in FIG. 4. If an excessive stress
concentration occurs, the LC panel 11 may be deformed
whereby the spacer 15 may be possibly peeled off the LC
panel 11. Thus, it is preferred that one of the spacer 15 and
groove 16 is made from an elastic material for alleviating the
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stress concentration in the LCD devices 10, 10A and 10B.
The elastic material may be any of rubber, silicone and resin
foam, for example.

[0075] Recently, the LC panel has become larger in size and
thicker in the thickness. This makes it important to have a
countermeasure that reduces the warp of the LC panel. The
structure of the LCD devices 10A and 10B reduces the warp
of the LC panel 11 in consideration of the external force
causing the warp, as well as the structure of the LCD devices
10A and 10B prevents the ingress of dust.

Fourth Embodiment

[0076] FIG. 6 is a cross-sectional view showing an LCD
device according to a fourth embodiment of the present inven-
tion. The LCD device 10C of the present embodiment is
similar to the LCD device 10 except that the spacer 15 has a
slanted rear surface 155 in the present embodiment. More
specifically, the spacer 15 has a thickness that reduces from
the outer periphery to the inner periphery thereof. The groove
16 also has a slanted bottom surface 165 adapted to the
slanted rear surface 1556 of the spacer 15.

[0077] Inthe LCD device 10C, the slanted rear surface 1554
of the spacer 15 reduces the frictional force between the
spacer 15 and the groove 16 when the LC panel 11 moves in
the Z-axis direction. This reduces the possibility of occur-
rence of a damage in the LC panel 11 configured by a glass
plate etc. The slanted rear surface 156 of the spacer 15 may be
employed in the LCD devices 10, 10A and 10B as well.

Fifth Embodiment

[0078] FIG. 7 is a cross-sectional view of an LCD device
according to a fifth embodiment of the present invention. The
LCD device 10D of the present embodiment is similar to the
LCD device 10 except that two latch structures, i.e., combi-
nations of spacer 15A and groove 16A and of spacer 15B and
groove 16B are provided in the present embodiment. The two
latch structures are arranged in a radial direction of the LC
panel 11 or in a direction from the center toward the outer
periphery of the LC panel 11. In FIG. 7, the depicted situation
is such that the LC panel 11 is moved upward to abut the rear
surface 12a of the front frame 12 with the rear surface of the
spacers 15A and 15B being apart from the bottom surface of
the grooves 16A and 16B.

[0079] In the LCD device 10D, a plurality of latch struc-
tures further reduces the ingress of dust toward the rear sur-
face 115 of the LC panel 11 and the irradiation surface 13a of
the backlight unit 13.

Sixth Embodiment

[0080] FIG. 8 is a cross-sectional view of an LCD device
according to a sixth embodiment of the present invention. The
LCD device 10E of the present embodiment is similar to the
LCD device 10 except that the spacer 15C is fixed onto the
front surface 145 of the rear frame 14 and the groove 16C is
formed on the rear surface of the LC panel 11 in the present
embodiment. The LC panel 11 includes a polarizing film 17
on the rear surface 115 thereof, and the polarizing film 17 has
a cutout therein to form the groove 16C on the LC panel 11.
[0081] Inthe LCD device 10E, the front surface 15a of the
spacer 15C abuts the rear surface 115 of the LC panel 11
configured by a glass substrate when the spacer 15C is
received in the groove 16C. In an alternative, the LC panel 11
may have a groove 16C formed on the body itself of the glass
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substrate or any other member of the LC panel 11 so long as
the groove 16C receives therein the spacer 15C. For example,
the spacer 16C may be formed by removing the polarizing
film 17 partly in the thickness direction and the spacer 15C
may abut the remaining portion of the polarizing film 17.
[0082] Inthe present embodiment, although the polarizing
film 17 is exemplified for forming the groove therein, the
groove 16C may be formed in another film underlying the LC
panel 11. The another film may be another optical film that is
any of a retardation film, an antireflection film and irradia-
tion-assist film, for example. If those optical films are stacked
one on another, at least one of the optical films may be
removed for forming the groove 15C. In a further alternative,
the LC panel 11 may have another member other than the
optical film, the another member having a groove therein
16C.

Seventh Embodiment

[0083] FIG. 9 is a cross-sectional view of an LCD device
according to a seventh embodiment of the present invention.
The LCD device 10F of the present embodiment is similar to
the LCD device 10E of the sixth embodiment except that the
spacer 15D is fixed onto the rear surface 124 of the front frame
12 and the groove 16D is formed on the front surface 11a of
the LC panel 11. The LC panel 11 includes a polarizing film
17 on the front surface of the LC panel 11, the polarizing film
17 having a cutout thereon to form the groove 16D in the
present embodiment. The spacer 15D may be formed on the
rear surface 12a of the front frame 12 as a unitary body with
the front frame 12.

[0084] In the LCD device 10F of the present embodiment,
the bottom surface 115 of the LC panel 11 abuts the front
surface 146 of the rear frame 14 when the spacer 15D is
received in the groove 16D. This allows the spacer 15D to be
received in the groove 16D at any time, to thereby prevent
then ingress of dust into the area defined by the front frame 12,
LC panel 11 and rear frame 14.

[0085] In the LCD device 10F of the present embodiment,
the latch structure prevents the ingress of dust, to suppress
occurring of a short-circuited failure such as between input
terminals of the LC panel 11 by especially preventing of the
ingress of conductive dust.

Eighth Embodiment

[0086] FIG. 10 is a cross-sectional view of an LCD device
according to an eighth embodiment of the present invention.
The LCD device 10G of the present embodiment is similar to
the LCD device 10 except that the latch structure is formed
between the front frame 12 and the LC panel 11 and between
the LC panel 11 and the rear frame 14. The spacer 15 is fixed
onto the rear surface 115 of the LC panel 11, whereas the
groove 16 receiving therein the spacer 15 is formed on the
front surface 145 of the rear frame 14. In addition, another
spacer 15E is formed on the front surface 11a of the LC panel
11, whereas another groove 16E receiving therein the another
spacer 15E is formed on the rear surface 124 of the front frame
12.

[0087] Inthe LCD device 10G of the present embodiment,
both the latch structures prevent the ingress of dust into the
LCD device 10G, thereby further suppressing degradation of
the image quality caused by the ingress of dust.

[0088] While the invention has been particularly shown and
described with reference to exemplary embodiment thereof,
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the invention is not limited to these embodiments and modi-
fications. As will be apparent to those of ordinary skill in the
art, various changes may be made in the invention without
departing from the spirit and scope of the invention as defined
in the appended claims.

1. A liquid crystal display (LCD) device comprising:

a liquid crystal (LC) panel;

front and rear frames sandwiching therebetween said LC

panel;

at least one latch structure engaging together said LC panel

and one of said front and rear frames,

wherein said latch structure includes a convex portion fixed

onto a surface of one of said LC panel and said one of
said front and rear panels and a concave portion formed
on an opposing surface of the other of said LC panel and
said one of said front and rear frames to receive therein
said convex portion, whereby said latch structure allows
and restricts movement of said LC panel with respect to
said one of said front and rear frames in a first direction
normal to said LC panel and in a second direction par-
allel to said LC panel, respectively.

2. The LCD device according to claim 1, wherein said
concave portion is a groove that is a continuous, discrete or
endless groove formed on the surface of the other of said LC
panel and said one of said front and rear panels, and said
convex portion is a spacer having a shape corresponding to
said groove.

3. The LCD device according to claim 2, wherein a gap is
formed between said LC panel and said one of said front and
rear panels when a top of said convex portion abuts a bottom
surface of said concave portion.

4. The LCD device according to claim 3, wherein said
convex portion has a tapered rear surface such that a thickness
of said convex portion reduces from an outer periphery to an
inner periphery thereof.

5. The LCD device according to claim 2, wherein a gap is
formed between said LC panel and the other of said front and
rear panels when a top of said convex portion abuts a bottom
surface of said concave portion.

6. The LCD device according to claim 1, wherein at least
one of
said convex portion and a member that configures said con-
cave portion is made of an elastic material.

7. The LCD device according to claim 2, wherein a top of
said convex portion abuts a bottom surface of said concave
portion, and said L.C panel abuts said one of said front and rear
frames.

8. The LCD device according to claim 2, wherein a gap is
formed between said LC panel and said one of said front and
rear frames when a top surface of said convex portion abuts a
bottom surface of said concave portion.

9. The LCD device according to claim 1, wherein said at
least one latch structure include a plurality of latch structures
arranged in a direction from a center of said LC panel toward
a periphery thereof.

10. The LCD device according to claim 1, wherein said LC
panel includes an optical film disposed on at least one of front
and rear surfaces thereof, said concave portion is a groove
formed on said optical film, and said convex portion is a
spacer fixed onto said one of said front and rear frames.

11. The LCD device according to claim 10, wherein said
optical film includes at least one of a polarizing film, an
anti-reflection film and a retardation film.
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12. The LCD device according to claim 1, wherein said at
least one latch structure include a first latch structure formed
between said LC panel and one of said front and rear frames
and a second latch structure formed between said LC panel
and the other of said front and rear frames.

13. A liquid crystal display device comprising:

a liquid crystal panel;

front and rear frames sandwiching therebetween said LC

panel;

at least one latch structure engaging together said LC panel

and one of said front and rear frames,

wherein said latch structure includes a convex portion fixed

onto a surface of one of said LC panel and said one of
said front and rear panels and a concave portion formed
on an opposing surface of the other of said LC panel and
said one of said front and rear frames receive therein said
spacer, and a length of a part of said convex portion
received in said concave portion as viewed in a first
direction normal to said LC panel is longer than an offset
distance between said LC panel and the other of said
front and rear frames.

14. The LCD device according to claim 13, wherein said
concave portion is a groove that is a continuous, discrete or
endless groove formed on the surface of the other of said LC
panel and said one of said front and rear panels, and said
convex portion is a spacer having a shape corresponding to
said groove.

15. The LCD device according to claim 14, wherein a gap
is formed between said LC panel and said one of said front
and rear panels when a top of said convex portion abuts a
bottom surface of said concave portion.

16. The LCD device according to claim 15, wherein said
convex portion has a tapered rear surface such that a thickness
of said convex portion reduces from an outer periphery to an
inner periphery thereof.
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17. The LCD device according to claim 14, wherein a gap
is formed between said LC panel and the other of said front
and rear panels when a top of said convex portion abuts a
bottom surface of said concave portion.

18. The LCD device according to claim 13, wherein at least
one of said convex portion and a member that configures said
concave portion is made of an elastic material.

19. The LCD device according to claim 14, wherein a top
of'said convex portion abuts a bottom surface of said concave
portion, and said LC panel abuts said one of said front and rear
frames.

20. The LCD device according to claim 14, wherein a gap
is formed between said LC panel and said one of said front
and rear frames when a top surface of said convex portion
abuts a bottom surface of said concave portion.

21. The LCD device according to claim 13, wherein said at
least one latch structure include a plurality of latch structures
arranged in a direction from a center of said LC panel toward
a periphery thereof.

22. The LCD device according to claim 13, wherein said
LC panel includes an optical film disposed on at least one of
front and rear surfaces thereof, said concave portion is a
groove formed on said optical film, and said convex portion is
a spacer fixed onto said one of said front and rear frames.

23. The LCD device according to claim 22, wherein said
optical film includes at least one of a polarizing film, an
anti-reflection film and a retardation film.

24. The LCD device according to claim 13, wherein said at
least one latch structure include a first latch structure formed
between said LC panel and one of said front and rear frames
and a second latch structure formed between said LC panel
and the other of said front and rear frames.
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