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(57) ABSTRACT

A liquid crystal display device includes a liquid crystal dis-
play portion (6) including: a first substrate (3); a second
substrate (4); a liquid crystal layer (5); a first polarizing plate
(1) disposed outside of the first substrate; and a second polar-
izing plate (2) disposed outside of the second substrate, in
which the first polarizing plate includes a first polarizing layer
(1p), the second polarizing plate includes a second polarizing
layer (2p), the first polarizing layer has a stretch direction
(MD) that is substantially orthogonal to a stretch direction
(MD) of the second polarizing layer (2p), the MD of the
second polarizing layer is substantially in a long side direc-
tion of the liquid crystal display portion, and the following
relation s satisfied: h, ,~h,,>2 pm, where h, , is a thickness of
the first polarizing layer and h,,, is a thickness of the second
polarizing layer.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-169438 filed on Jul. 17, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device has advantages of
high display performance, lower power consumption, a low
profile, light weight, and the like, and is now widely used in a
cellular phone, a digital camera, a monitor for a personal
computer (PC), a television (TV) set, and the like.

[0006] FIGS.1 and 2 illustrate a structure of a typical liquid
crystal display device. In FIG. 1, a liquid crystal display
portion 6 includes a first polarizing plate 1 on a light entrance
side and a second polarizing plate 2 on a light exit side. A
liquid crystal layer S is disposed between a first substrate 3
and a second substrate 4. An electrode group is disposed on at
least one of the first substrate 3 and the second substrate 4
such that voltage is applicable to the liquid crystal layer 5 with
regard to each pixel. A backlight device 10 includes a light
source 7, a backlight device frame member 8, and an optical
element group 9.

[0007] Atypical polarizing plate includes a polarizing layer
having absorption anisotropy for converting incident light
into linear polarization and support bases on both sides
thereof. The polarizing layer is a polyvinyl alcohol (PVA)
film which is stretched at a high stretch rate, and exhibits
absorption anisotropy by aligning iodine in a high stretch
direction. The high stretch direction of the polarizing layer is
hereinafter referred to as a machine direction (MD) of the
polarizing plate, while a direction orthogonal to the MD is
hereinafter referred to as a transverse direction (TD) of the
polarizing plate.

[0008] In a typical liquid crystal display device, the first
substrate 3 and the second substrate 4 are formed of glass, and
a coefficient of expansion thereof which depends on the exter-
nal environment (temperature and humidity) is greatly differ-
ent from those of the first polarizing plate 1 and the second
polarizing plate 2. As a result, as described in Japanese Patent
Application Laid-open No. 2003-279748, the liquid crystal
display portion 6 warps depending on the state of the back-
light device 10 (whether the power is on or off and the applied
electric power) and the external environment (weather and
geographic region).

[0009] With reference to FIG. 2, in a typical liquid crystal
display device, the liquid crystal display portion 6 is mounted
onthe backlight device 10, and is fixed by a frame member 81.
Therefore, if the liquid crystal display portion 6 warps to a
large extent, the liquid crystal display portion 6 is brought into
contact with the frame member 81 or the optical element
group 9. Here, the liquid crystal display portion 6 is in a state
of'being locally pressed from a front side or a back side, with
the result that the alignment of liquid crystal molecules in the
liquid crystal layer 5 is disordered and irregularities in an
image is caused.

Jan. 20, 2011

[0010] Irregularities in an image caused by warpage of the
liquid crystal display portion is expected to become more
obvious in the future because a screen of a liquid crystal
display device is becoming larger and the image quality of a
liquid crystal display device is becoming higher in recent
years. Other prior art documents which relate to the present
invention include Japanese Patent Application Laid-open
Nos. 2009-109860, 2009-37223, and 2009-93074.

SUMMARY OF THE INVENTION

[0011] In aliquid crystal display device including a polar-
izing plate and an illuminating device, a liquid crystal display
portion warps depending on the external environment to
cause irregularities in an image. Accordingly, an object of the
present invention is to suppress irregularities in an image
caused by warpage of the liquid crystal display portion.

[0012] (1) In order to solve the above-mentioned problem,
the present invention provides a liquid crystal display device
including a liquid crystal display portion, the liquid crystal
display portion including: a first substrate disposed on a side
opposite to a display surface of the liquid crystal display
portion; a second substrate disposed on a side of the display
surface of the liquid crystal display portion; a liquid crystal
layer sandwiched between the first substrate and the second
substrate; a first polarizing plate disposed on a side of the first
substrate opposite to the liquid crystal layer; and a second
polarizing plate disposed on a side of the second substrate
opposite to the liquid crystal layer, in which: the first polar-
izing plate includes a first polarizing layer mainly containing
stretched polyvinyl alcohol (PVA); the second polarizing
plate includes a second polarizing layer mainly containing
stretched PVA; the first polarizing layer has a stretch direction
(MD) that is substantially orthogonal to a stretch direction
(MD) of the second polarizing layer; the MD of the second
polarizing layer is substantially parallel to a long side direc-
tion of the liquid crystal display portion; and the following
relation is satisfied: h,,—h,,>2 pm, where: h, , is a thickness
of the first polarizing layer; and h,, is a thickness of the
second polarizing layer.

[0013] (2) In order to solve the above-mentioned problem,
the present invention provides a liquid crystal display device
including a liquid crystal display portion, the liquid crystal
display portion including: a first substrate disposed on a side
opposite to a display surface of the liquid crystal display
portion; a second substrate disposed on a side of the display
surface of the liquid crystal display portion; a liquid crystal
layer sandwiched between the first substrate and the second
substrate; a first polarizing plate disposed on a side of the first
substrate opposite to the liquid crystal layer; and a second
polarizing plate disposed on a side of the second substrate
opposite to the liquid crystal layer, in which: the first polar-
izing plate includes a first polarizing layer mainly containing
stretched polyvinyl alcohol (PVA); the second polarizing
plate includes a second polarizing layer mainly containing
stretched PVA; the first polarizing layer has a stretch direction
(MD) that is substantially orthogonal to a stretch direction
(MD) of the second polarizing layer; the MD of the first
polarizing layer is substantially parallel to a long side direc-
tion of the liquid crystal display portion; and the following
relation is satisfied: h,,~h,,>2 pm, where: h,, is a thickness
of the first polarizing layer; and h,, is a thickness of the
second polarizing layer.
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[0014] (3) Further, in the liquid crystal display device
described in item (1), the following relation may be satisfied:
h,,-h,,>20 pm, where: h,, is a distance in a thickness
direction between the first substrate and the first polarizing
layer; and h,, is a distance in the thickness direction between
the second substrate and the second polarizing layer.

[0015] (4) Further, in the liquid crystal display device
described in item (2), the following relation may be satisfied:
h,.,-h, ,>20 um, where: h,, is a distance in a thickness
direction between the first substrate and the first polarizing
layer; and h,_, is a distance in the thickness direction between
the second substrate and the second polarizing layer.

[0016] (5) Further, in the liquid crystal display device
described in item (1), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 1 may hold:

[Equation 1]

M

h, +h hy, +h
hlp( ”2 L +h152]=kh2p(%+hm]

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, ., is a strain per unit length
in the MD on the first polarizing layer; € ;, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, ,, is a Young’s modulus in the MD of the
first polarizing layer; E;, is a Young’s modulus in the TD of
the first polarizing layer; and k=(e,,E ) (€ rpE ).

[0017] (6) Further, in the liquid crystal display device
described in item (1), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 2 may hold:

[Equation 2]

2

i, +h 1 hy, +h
hlp( pz g th( pz g

+ huz] ==

% + hzsz]

where: h, is a sum of a thickness of the first substrate and a
thickness of the second substrate; h, ;, is a distance in a thick-
ness direction between the first substrate and the first polar-
izing layer; h, , is a distance in the thickness direction
between the second substrate and the second polarizing layer;
€, 15 a strain per unit length in the MD on the first polarizing
layer; €,,, is a strain per unit length in a direction (TD)
orthogonal to the MD on the first polarizing layer; E,, is a
Young’s modulus in the MD of the first polarizing layer; E -,
is a Young’s modulus in the TD of the first polarizing layer;
and k=(&,/pEap)/ (€7pE 1)

[0018] (7) Further, in the liquid crystal display device
described in item (1), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range of 40° C. or higher and 70° C. or lower, the
following Equation 3 may hold:
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[Equation 3]

L+kp? (hz,,+hg ®

hy, + A,
lp( pz g+h152]=mh2p 5 +h2sz]

where: h,, is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, , is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, 1s a strain per unit length
in the MD on the first polarizing layer; €, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, ;, is a Young’s modulus in the MD of the
first polarizing layer; E, is a Young’s modulus in the TD of
the first polarizing layer; k=(€,,,E ) (€ rpE rp); and f=L/b,
where L is a length in a long side direction of the liquid crystal
display portion, b is a length in a short side direction of the
liquid crystal display portion, and L>b.

[0019] (8) Further, in the liquid crystal display device
described in item (2), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 4 may hold:

[Equation 4]

1

h, +h
+h152] = thp( AR

)

hy, + 4,
hlp( p2 L +h2§2]

where: h,, is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; €,,,, 1s a strain per unit length in the MD on the first
polarizing layer; €, is a strain per unit length in a direction
(TD) orthogonal to the MD on the first polarizing layer; E,
is a Young’s modulus in the MD of the first polarizing layer;
E,p is a Young’s modulus in the TD of the first polarizing
layer; and k=(€,,nEp)/(€7pE 1)

[0020] (9) Further, in the liquid crystal display device
described in item (2), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 5 may hold:

[Equation 5]
hyp + b, hyp + 1 S
hlp( “’2 £ +hm] =kh2p(% +hm) ®

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h_ is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, 1s a strain per unit length
in the MD on the first polarizing layer; €, is a strain per unit
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length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, - is a Young’s modulus in the MD of the
first polarizing layer; E;,, is a Young’s modulus in the TD of
the first polarizing layer; and k=(¢,,,E, )/ (€ ;nE ).

[0021] (10) Further, in the liquid crystal display device
described in item (2), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0of 40° C. or higher and 70° C. or lower, the
following Equation 6 may hold:

[Equation 6]

(6)

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of'a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, ,,, is a strain per unit length
in the MD on the first polarizing layer; € ;, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, ,, is a Young’s modulus in the MD of the
first polarizing layer; E;, is a Young’s modulus in the TD of
the first polarizing layer; k=(€,,,E ) (€ pEp); and p=L/b,
where L is alength in a long side direction of the liquid crystal
display portion, b is a length in a short side direction of the
liquid crystal display portion, and L>b.

[0022] (11) Further, in the liquid crystal display device
described in item (5), the following relation may be satisfied:
(h; 150-10 um)<h, ,<(h,,,+10 pm), where: h, ., is a distance
in a thickness direction between the first substrate and the first
polarizing layer; and h, ;,, is h, , determined by the Equation
1.

[0023] (12) Further, in the liquid crystal display device
described in item (5), the following relation may be satisfied:
(h,,0=1 pm)<h, <(h, ,+1 pm), where: h,, is the thickness of
the first polarizing layer; and h,,, is a thickness of the first
polarizing layer determined by the Equation 1.

[0024] (13) Further, in the liquid crystal display device
described in item (1), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0of 40° C. or higher and 70° C. or lower, the
following Equation 7 may hold:

[Equation 7]
1+kf? hop + 1 @)
Farts T )<
hip, +h hap + A,
h[p(% + hlsZ] < kth( i LA hzxz]

where: h, , is the thickness of the first polarizing layer; h,,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, is a strain per unit length
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in the MD on the first polarizing layer; €, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, ,, is a Young’s modulus in the MD of the
first polarizing layer; E, is a Young’s modulus in the TD of
the first polarizing layer; k=(€,,,E )/ (ErpErp); B=L/b,
where L is a length in a long side direction of the liquid crystal
display portion, b is a length in a short side direction of the
liquid crystal display portion, and L>b; and k>(1+kB>)/(B>+
k).

[0025] (14) Further, in the liquid crystal display device
described in item (1), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 8 may hold:

[Equation 8]
hy, + 1 8
kth( G L +h252]< ( )
hyp+h, L+kB? (hy,+h
hlp( lpz £ +h152] < 7 fi Zp( 2p2 £ +h2x2]

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h,, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, ,, is a strain per unit length
in the MD on the first polarizing layer; €, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E, ;, is a Young’s modulus in the MD of the
first polarizing layer; E,, is a Young’s modulus in the TD of
the first polarizing layer; k=(e,,rE,n)/(€7pErp); B=L/b,
where L is a length in a long side direction of the liquid crystal
display portion, b is a length in a short side direction of the
liquid crystal display portion, and L>b; and k<(1+kp>)/(B>+
k).

[0026] (15) Further, in the liquid crystal display device
described in item (2), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range of 40° C. or higher and 70° C. or lower, the
following Equation 9 may hold:

[Equation 9]
1 (hyp+h &)
E 2,,( p2 £ +hh2]<
hip+h B +k hop +h
hlp( p2 £ +h1x2] < 1+kﬁzh2p( p2 £ +h252]

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ,, is a distance in a thickness direction between
the first substrate and the first polarizing layer; h,, is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €,,,,) is a strain per unit
length in the MD on the first polarizing layer; €, is a strain
per unit length in a direction (TD) orthogonal to the MD on
the first polarizing layer; E, , is a Young’s modulus in the MD
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of'the first polarizing layer; E, is a Young’s modulus in the
TD of the first polarizing layer; k=(€,,~E» )/ (€ 1pE 71); B=L/
b, where L is a length in a long side direction of the liquid
crystal display portion, b is a length in a short side direction of
thg liquid crystal display portion, and L>b; and k>(1+kf>)/
(B>+K).

[0027] (16) Further, in the liquid crystal display device
described in item (2), under an environment having a tem-
perature in one of a range of —10° C. or higher and 10° C. or
lower, and a range 0f 40° C. or higher and 70° C. or lower, the
following Equation 10 may hold:

[Equation 10]

(10)

Bk A (thmg

ol 3 e <

b, +h
hlp( 1p2 £

1 h, +h
kth( p Tl

+ hm] <= 7+ hzxz]

where: h, , is the thickness of the first polarizing layer; h,, is
the thickness of the second polarizing layer; h, is a sum of a
thickness of the first substrate and a thickness of the second
substrate; h, ., is a distance in a thickness direction between
the first substrate and the first polarizing layer; h, , is a dis-
tance in the thickness direction between the second substrate
and the second polarizing layer; €, ,,, is a strain per unit length
in the MD on the first polarizing layer; €, is a strain per unit
length in a direction (TD) orthogonal to the MD on the first
polarizing layer; E,,, is a Young’s modulus in the MD of the
first polarizing layer; E;, is a Young’s modulus in the TD of
the first polarizing layer; k=(e,,rE ;) (€7pErp); B=L/b,
where L is alength in a long side direction of the liquid crystal
display portion, b is a length in a short side direction of the
liquid crystal display portion, and L>b; and k<(1+kp>)/(B+
k).

[0028] (17) Further, in the liquid crystal display device
described in item (1), at least one of the thickness of the first
polarizing layer and the thickness of the second polarizing
layer may be 30 um or smaller.

[0029] (18) Further, the liquid crystal display device
described in item 1 may further include a frame member for
fixing the liquid crystal display portion in position, and space
between an outermost surface on the side of the display sur-
face of the liquid crystal display portion and the frame mem-
ber may be 1.5 mm or smaller.

[0030] (19) Further, the liquid crystal display device
described in item (1) may further include a backlight device
disposed on the side opposite to the display surface of the
liquid crystal display portion, the backlight device may
include a planar optical element, the liquid crystal display
portion and the backlight device may sandwich no structure
for providing space therebetween, and the liquid crystal dis-
play portion may be disposed immediately above the optical
element.

[0031] According to the present invention, irregularities in
an image caused by warpage of the liquid crystal display
portion may be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In the accompanying drawings:
[0033] FIG.1isadiagram illustrating a structure of a liquid
crystal display device of related art;
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[0034] FIG.2isadiagram illustrating a structure of a liquid
crystal display device of related art;

[0035] FIG.3isaconceptual diagram for describing factors
which affect warpage of a liquid crystal display device;
[0036] FIG. 4 is a diagram illustrating a structure of an
example of a liquid crystal display device according to the
present invention;

[0037] FIG. 5 is a diagram illustrating the structure of the
example of a liquid crystal display device according to the
present invention;

[0038] FIG. 6 is a graph illustrating characteristics of the
example of a liquid crystal display device according to the
present invention;

[0039] FIG. 7 is a graph illustrating characteristics of the
example of a liquid crystal display device according to the
present invention;

[0040] FIG. 8 is a graph illustrating characteristics of an
example of a liquid crystal display device according to the
present invention;

[0041] FIG. 9 is a graph illustrating characteristics of the
example of a liquid crystal display device according to the
present invention;

[0042] FIG. 10 is a diagram illustrating a structure of an
example of a liquid crystal display device according to the
present invention;

[0043] FIG. 11 is a graph illustrating characteristics of the
example of a liquid crystal display device according to the
present invention;

[0044] FIG. 12 is a graph illustrating characteristics of the
example of a liquid crystal display device according to the
present invention; and

[0045] FIG. 13 is a diagram illustrating a structure of an
example of a liquid crystal display device according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0046] First, warpage of a liquid crystal display portion is
described in detail. In the liquid crystal display portion 6
illustrated in FIG. 1, the first substrate 3 and the second
substrate 4 are formed of glass, and a strain thereon (strain per
unit length) is negligible compared with those of the polariz-
ing plates. In the first polarizing plate 1 and the second polar-
izing plate 2, the absolute values of strains on a first polarizing
layer 1p and a second polarizing layer 2p which are formed of
PVA are the largest, and thus, the first polarizing layer 1p and
the second polarizing layer 2p most affect the strains on the
polarizing plates. According to Japanese Patent Application
Laid-open No. 2009-109860 and the like, a polarizing layer
strongly tends to shrink under a high temperature environ-
ment or under a high humidity environment because it is
highly stretched, and the tendency to shrink is generally
stronger in the MD than in the TD.

[0047] A strain € is generally expressed by e=oAT/L,,
where o is a linear coefficient of expansion, AT is a tempera-
ture change relative to the temperature when the polarizing
plate is joined to a substrate, and L, is the length when there
is no temperature change. If the material is a metal or the like,
the strain changes substantially linearly according to the tem-
perature change. However, in particular, in case of a polariz-
ing plate, in addition to a strain due to temperature change, a
strain due to humidity change is also involved, and thus, the
strain does not change linearly according to the temperature
change. It follows that, in a liquid crystal display device
according to the present invention, irregularities in an image
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caused by warpage of a liquid crystal display portion which
may be suppressed under a certain environment may not be
suppressed so much under another environment.

[0048] For example, because a polarizing plate is jointed to
a substrate ordinarily under a room temperature environment,
warpage of a liquid crystal display portion is not a serious
problem under an environment close to a room temperature
environment. The problem arises under an environment other
than a room temperature environment in which a liquid crys-
tal display device may be placed, for example, under an
environment having a temperature in a range of -10° C. or
higher and 10° C. or lower, or, 40° C. or higher and 70° C. or
lower. An environment which is important differs depending
on the application of the liquid crystal display device. For
example, in the case of a liquid crystal display device to be
mounted on a vehicle in an equatorial region, it is important to
suppress warpage of a liquid crystal display portion in a high
temperature of around 70° C. and high humidity environment.
In this case, a strain on a polarizing plate at 70° C. is required
to be considered. Then, warpage of a liquid crystal display
portion at 70° C. is drastically suppressed, and thus warpage
in the range of room temperature to 70° C. is also suppressed
compared with a case to which the present invention is not
applied.

[0049] In other words, if a structure of a liquid crystal
display device according to the present invention is placed in
an environment which is not a room temperature environment
in which a liquid crystal display device may be placed, for
example, under an environment having a temperature in a
range of =10 to 10° C. or 40 to 70° C., irregularities in an
image caused by warpage of a liquid crystal display portion
may be suppressed. A strain on a polarizing plate under, for
example, an environment of 70° C. and 40% RH herein
referred to is defined as a strain per unit length on the polar-
izing plate when the liquid crystal display device is left under
the environment of 70° C. and 40% RH for one hour relative
to the polarizing plate under a reference environment. The
reference environment in which no strain is put is an environ-
ment in which a polarizing plate is joined to a substrate.

[0050] Inthe following, ordinary lamination is described in
expressing by an approximate equation bending moment
which determines warpage of a liquid crystal display portion.
The following is a result of formulation by the present inven-
tor based on mechanics of materials. FIG. 3 illustrates lami-
nation including layers which have different strains and thick-
nesses. Let a strain on and a thickness of an i-th layer when the
lamination is placed in a certain environment be €, and h,,
respectively. Perpendicular force Pi which acts on each layer
(in a direction which is in parallel with the plane of the
drawing) is expressed by the following equation 11:

[Equation 11]

n (11)
> (ej —ehE;

Pz hED

hE;

i)

M

1

S

where E, is the Young’s modulus of an i-th layer and b is the
width of the lamination (in a direction which is perpendicular
to the plane of the drawing).
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[0051] By this perpendicular force, bending moment acts
on the lamination. The bending moment is expressed by the
following equation 12:

[Equation 12]

(12

L N oo
M= —E;P,-h; —ZP;Zhj

=l

An amount v of warpage at a position x in a length direction
of'the lamination (in the direction which is in parallel with the
plane of the drawing) is determined according to the follow-
ing differential equation (13). I, is a moment of inertia of area
of'an i-th layer. The liquid crystal display device according to
the present invention suppresses the amount v of warpage by
finding a control factor of the bending moment M and
decreasing M.

[Equation 13]

v M (13)
Y
i=1
[0052] The above-mentioned theory is applied with

approximation to the liquid crystal display portion 6 illus-
trated in FIG. 1. First, as described above, strains other than
the strains on the polarizing layers formed of PVA are
neglected and assumed to be zero. Further, the liquid crystal
layer 5 is neglected and the first substrate 3 and the second
substrate 4 are together assumed to be one glass plate. If this
approximation is applied to Equation 11, then, the perpen-
dicular force which acts on an i-th layer other than the polar-
izing layers is expressed by the following Equation 14. Sub-
scripts 1p and 2p correspond to the first polarizing layer 1p
and the second polarizing layer 2p, respectively, illustrated in
FIG. 1.

[Equation 14]

p- e1phipEly + 22ph0pErp (14)
AR A s =

5
2 hiEj
J=1

In a typical liquid crystal display portion, the first substrate 3
and the second substrate 4 are formed of glass. The thick-
nesses and the Young’s moduli of the first substrate 3 and the
second substrate 4 are larger than those of the polarizing
plates and adhesive approximately by an order of magnitude.
Therefore, the following approximate equation (Equation 15)
is applied to an i-th layer other than the glass substrate:

[Equation 15]

E; (15)
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For the same reason, the following approximate equation
(Equation 16) is applied to the glass substrate. A subscript g
corresponds to the substrate (h, is the sum of the thicknesses
of'the first substrate 3 and the second substrate 4 illustrated in
FIG. 1).

[Equation 16]

heE, (16)

If these equations are applied to Equation 14, then the per-
pendicular force which acts on the layers other than the glass
substrate and the polarizing layers is zero, and the perpen-
dicular force which acts on the glass substrate is expressed by
the following Equation 17:

[Equation 17]
Po=(eh1,E €0, /15,E5,)b 17)
[0053] Similar approximation derives the following Equa-

tion 18 which expresses the perpendicular force which acts on
the first polarizing layer 1p:

[Equation 18]

Py, =€ )1y, Ey b (18)

The perpendicular force which acts on the second polarizing
layer 2p is expressed by the following Equation 19:

[Equation 19]

P 2p:—€2ph2pE2pb 19)
The total sum of Egs. 17 to 19 is zero, and no serious contra-
diction arises.
[0054] By substituting the determined perpendicular force
into Equation 12, the bending moment is obtained. For the
purpose of making it easier to grasp the phenomenon, the
bending moment M is expressed using P, ,and P, ,. From Egs.
17 to 19, Pg=—(P,,+P,,), and the following Equation 20 is
obtained. Subscripts 152 and 2s2 correspond to the support
base 152 on an inner side of the first polarizing plate and a
support base 252 on an inner side of the second polarizing
plate, respectively, illustrated in FIG. 1.

[Equation 20]
M= _Plp(h“’; b, nm] + Pzp(hz”; by +hm] o
[0055] First, in the liquid crystal display portion 6 illus-

trated in FIG. 1, it may be seen that the thicknesses and the
Young’s moduli of a support base 151 on an outer side of the
first polarizing plate (on a side opposite to the liquid crystal
layer with respect to the first polarizing layer 1p) and a sup-
port base 251 on an outer side of the second polarizing plate
do not affect the bending moment. Japanese Patent Applica-
tion Laid-open No. 2009-37223 and the like disclose that, the
thickness and the Young’s modulus of a support base play an
important role in suppressing shrinkage of a polarizing plate.
However, in a liquid crystal display portion in which a polar-
izing plate is joined to a glass substrate, as described above,
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the rigidity of the system is determined by the glass substrate,
and hence, little effect is exerted. From this, it may be seen
that the present invention relates to suppression of warpage of
a liquid crystal display portion, and the point of view and the
target thereof are different from those of suppression of
change in the shape of a polarizing plate alone. For the same
reason, the Young’s moduli of the support base 152 on the
inner side of the first polarizing plate and the support base 252
on the inner side of the second polarizing plate do not affect
the bending moment, either.

[0056] On the other hand, the thicknesses of the support
base 152 on the inner side of the first polarizing plate (on the
same side of the liquid crystal layer with respect to the first
polarizing layer 1p) and the support base 252 on the inner side
of the second polarizing plate, or, the distance in a thickness
direction between the first substrate 3 and the first polarizing
layer 1p and the distance in the thickness direction between
the second substrate 4 and second polarizing layer 2p, affect
the bending moment. This is because bending moment is
determined by the product of force and the distance between
a layer in which the force occurs and a neutral surface.
According to Equation 20, when P,,>P, ,, the absolute value
of the bending moment may be decreased by increasing the
thickness h, ;, of the support base 152 on the inner side of the
first polarizing plate, or, by decreasing the thickness h,, of
the support base 252 on the inner side of the second polarizing
plate. On the other hand, when P, ,>P,,,, the absolute value of
the bending moment may be decreased by decreasing the
thickness h, ;, of the support base 152 on the inner side of the
first polarizing plate, or, by increasing the thickness h, , of the
support base 252 on the inner side of the second polarizing
plate. It may be seen that h, , and h,, are effective control
factors for the bending moment.

[0057] It may be seen that the thickness h,, of the first
polarizing layer and the thickness h,,, of the second polarizing
layer are also effective control factors. According to Equation
20, when P,,>P, ,, the absolute value of the bending moment
may be decreased by increasing the thickness h, , of the first
polarizing layer 1p, or, by decreasing the thickness h,,, of the
second polarizing layer 2p. On the other hand, when P, ,>P,,,,
the absolute value of the bending moment may be decreased
by decreasing the thickness h, , of the first polarizing layer 1p,
or, by increasing the thickness h,, of the second polarizing
layer 2p. It should be noted that, when the thickness of the
polarizing layer is decreased, means disclosed in Japanese
Patent Application Laid-open No. 2009-93074, for example,
may be used.

[0058] In the following, the phenomenon is simulated as a
two-dimensional problem, and is reviewed in more detail.
Reference is made to the liquid crystal display portion 6
illustrated in F1G. 4. L>b, the MD of the first polarizing plate
1 is in a direction of the width b, and the MD of the second
polarizing plate 2 is in a direction of the length L. The layered
structures of the first polarizing plate 1 and the second polar-
izing plate 2 are the same as those illustrated in FIG. 1. Let a
strain on the first polarizing layer 1p in the MD be €,,,,, the
Young’s modulus thereof be E, ,,, a strain on the first polar-
izing layer 1p in the TD be €,,,, and the Young’s modulus
thereof be E,,. From Egs. 18 to 20, bending moment M,
which acts in the direction of L and bending moment M,
which acts in the direction of b are expressed by the following
Equation 21. When €,,,E,,, and €,,E, are different from
each other, it is almost impossible to make both M, and M,,
equally zero. This is required to be recognized, and still, the
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amount of warpage is required to be suppressed. In the fol-
lowing, a review is made based on some design guidelines
which vary depending on the application of the liquid crystal
display device.

[Equation 21]
My = 2D
hy,+h hyp + h
—STDETDhlpb( p2 2 +hlsz] +‘9MDEMDh2pb( pz £ +h252]
My =
hy, +h hop +h
—SMDEMDhlpL( pz £ +h1x2]+‘9TDETDh2pL( p2 £ +h252]
[0059] In Equation 13, a moment of inertia of area I is in

proportion to the width (in a direction perpendicular to x).
Therefore, if the effect of gravity is neglected, the largest
amount of warpage in the direction of L is in proportion to
M, -L*/b, while the largest amount of warpage in the direction
of b is in proportion to M, -b*/L. Thus, W, and W, defined by
the following Equation 22 are indicators of the amounts of
warpage in the direction of L and in the direction of b, respec-
tively. When L>b, it is clear that the amount of warpage may
be suppressed more by giving a higher priority to decreasing
W;.

[Equation 22]

MpL? hip+h 22
L= = _ETDETDhIpLZ(% + hlsz] +
hyy + B
SMDEMDthLZ(% + h2:2]
Mypb? hy, +h
Wy=——= —EMDEMDhlpbz(% + hm] +

hy, + b
ETDETDthbZ( pz £ +h2x2]

[0060] A first guideline is to suppress warpage in the direc-
tion of L. In order to attain this, a condition required for W,;=0
to hold is determined. The condition to be satisfied by the
thicknesses of the polarizing layers and the support bases is
expressed by the following Equation 23:

[Equation 23]

23

h,+h hyp + b
hlp( "’2 g+hm]=kh2p( 2"2 s’+nm]

where k=(e,,rE, )/ (€ ;pE p)-

[0061] A second guideline is to suppress warpage in the
direction of b. In order to attain this, a condition required for
W, =0 to hold is determined. The condition to be satisfied by
the thicknesses of the polarizing layers and the support bases
is expressed by the following Equation 24. Ordinarily, if
priority is given to such suppression of warpage in the direc-
tion of b, the absolute value of W, is increased. However, it is
often the case that a drive circuit for applying a signal to the
respective pixels is disposed at an edge of the liquid crystal
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display portion 6, and, if the liquid crystal display portion 6
warps to a large extent, a problem may arise with regard to the
state of contact of the drive circuit. Therefore, when it is
important to decrease W, from the viewpoint of the reliability
of the contact of the drive circuit, priority may be given
thereto.

[Equation 24]
h h 1 h h 24
hlp( lp; g +h132]zzh2p( 2;7;' g +h252] ( )
[0062] A third guideline is to suppress warpage in a b-L

plane to a same extent. Because, if W; and W, are of the same
sign, warpage in a same direction is caused by bending
moment in the same direction, W, and W, are required to be
of opposite sign and the absolute values thereof are the same,
that is, the condition is that W,;+W,=0 holds. Here, the con-
dition to be satisfied by the thicknesses of the polarizing
layers and the support bases is expressed by the following
Equation 25:

[Equation 25]
hip +h Lk (hyp+h 25
hlp( 1p2 £ +h152] = FEir Zp( 2p2 £ +h2s2]
where f=L/b.
[0063] By the method described above, without a special

material or the like, warpage of the liquid crystal display
portion 6 may be suppressed by factors which may be con-
trolled comparatively easily. Further, irregularities in an
image caused by warpage of the liquid crystal display portion
may be suppressed with an increase in materials cost and an
increase in thickness of the liquid crystal display device being
suppressed and without deteriorating the display perfor-
mance and increasing the power consumption of the liquid
crystal display device.

[0064] Further, conventionally, when warpage of the liquid
crystal display portion is a problem, as illustrated in FIG. 2,
the frame member 81 and a frame member 82 are disposed
such that sufficient space is provided between the liquid crys-
tal display portion 6 and the frame member 81 or between the
liquid crystal display portion 6 and the optical element group
9. However, if the space is too large, a problem of mechanical
reliability arises that the liquid crystal display portion 6 is not
fixed and displacement is caused. According to study by the
present inventor, sufficient mechanical reliability may be
secured even in a large screen liquid crystal display device
which is 26-inch diagonal or larger if the space is 1.5 mm or
smaller. In other words, the space between the liquid crystal
display portion 6 and the frame member 81 and the space
between the liquid crystal display portion 6 and the optical
element group 9 described with reference to FIG. 2 may be
eliminated or may be decreased, and the mechanical reliabil-
ity may be improved accordingly. Further, from the viewpoint
of productivity, it is preferred that the liquid crystal display
portion 6 be disposed immediately above the optical element
group 9.

EXAMPLES

[0065] The present invention is described further in detail
in the following by describing specific examples thereof. The
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following examples are merely specific examples of the
present invention. The present invention is by no means lim-
ited by those examples, and various variations and modifica-
tions may be made by those skilled in the art within the
technical idea disclosed herein.

Example 1

[0066] A structure of a liquid crystal display device accord-
ing to Example 1 is described with reference to FIGS. 2, 4,
and 5. FIG. 5 is a diagram illustrating a structure of a liquid
crystal display device including the liquid crystal display
portion 6 and the backlight device 10. The liquid crystal
display portion 6 includes the first polarizing plate 1, the
second polarizing plate 2, the first substrate 3, the second
substrate 4, and the liquid crystal layer 5. The backlight
device 10 includes the light source 7, the frame member 8,
and the optical element group 9. The liquid crystal layer 5 is
sandwiched between the first substrate 3 and the second sub-
strate 4. A side of the liquid crystal display portion 6 which is
farther from the backlight device 10 is a display surface. The
first polarizing plate 1 is disposed on a side of the first sub-
strate 3 opposite to the liquid crystal layer 5. The second
polarizing plate 2 is disposed on a side of the second substrate
4 opposite to the liquid crystal layer 5. The first polarizing
plate 1 includes the support base 152 on the inner side of the
first polarizing plate, the first polarizing layer 1p, and the
support base 151 on the outer side of the first polarizing plate.
The second polarizing plate 2 includes the support base 252
on the inner side of the second polarizing plate, the second
polarizing layer 2p, and the support base 2s1 on the outer side
ofthe second polarizing plate. In FIG. 5, a first adhesive layer
1a is disposed between the first polarizing plate 1 and the first
substrate 3 while a second adhesive layer 2a is disposed
between the second polarizing plate 2 and the second sub-
strate 4. The thickness of the first adhesive layer 1a and the
second adhesive layer 2a is 20 pm. The support base 151 on
the outer side of the first polarizing plate and the support base
251 on the outer side of the second polarizing plate are tri-
acetyl cellulose (TAC) films, and the thickness of the support
base 151 on the outer side of the first polarizing plate and the
support base 2s1 on the outer side of the second polarizing
plate is 80 um. The first polarizing layer 1p and the second
polarizing layer 2p are formed of PVA, and the thickness of
the first polarizing layer 1p and the second polarizing layer 2p
is 30 pm. The support base 152 on the inner side of the first
polarizing plate is a TAC film, and the thickness thereofis 110
um. The thickness of the support base 252 on the inner side of
the second polarizing plate is 0 pm (which means that, in
Example 1, the support base 252 on the inner side of the
second polarizing plate is not disposed). With reference to
FIG. 4, L=700 mm and b=400 mm. With regard to the strains
on the first polarizing layer 1p and the second polarizing layer
2p, €,,,=0.115 and €,,=0.1. With regard to the Young’s
modulus of the polarizing layers, a value 2250 MPa which is
disclosed in Japanese Patent Application Laid-open No.
2003-279748 is used both in the MD and in the TD.

[0067] In this example, priority is given to suppression of
warpage in the direction of L, and thus, the support base 252
on the inner side of the second polarizing plate is not used.
FIGS. 6 and 7 are graphs illustrating the result of determining
W,,and W, respectively, with h, , and h, ;, being the param-
eters. It may be seen that, when the thickness of the support
base changes by about 20 um, the shape of the warpage is
clearly affected. Because the first adhesive layer 1a and the
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second adhesive layer 2a are included in the example illus-
trated in FIG. 5, h, , and h,, in Equation 22 are replaced by
h,,,+h,,and h,,+h,,, respectively, where h, , and h, , are the
thicknesses of the first adhesive layer 1a and the second
adhesive layer 2a, respectively. More specifically, h, ,,+h, , is
the distance in the thickness direction between the first sub-
strate 3 and the first polarizing layer 1p and %, ,+h,, is the
distance in the thickness direction between the second sub-
strate 4 and the second polarizing layer 2p. In the structure of
Example 1, h, ,=130 pm and h, ,=20 um. It may be seen that
W,, is almost zero.

[0068] Actually, in the elasticity simulation according to
Egs. 11 to 13 (not based on the approximations of Egs. 15 and
16), the absolute value of the largest amount of warpage in the
direction of L was 0.17 mm. When ordinary polarizing plates
which are easily manufactured are used and h, ,=h, ,=80 um,
the absolute value of the largest amount of warpage is 2.8 mm,
and thus, the absolute value of the largest amount of warpage
according to this example is smaller. It should be noted that,
in the elasticity simulation, with regard to the Young’s modu-
lus of the support bases, a value 3500 MPa which is disclosed
in Japanese Patent Application Laid-open No. 2009-37223 is
used. However, as described above, the Young’s modulus
hardly affects the amount of warpage of the liquid crystal
display portion. This was also confirmed by the elasticity
simulation.

[0069] As is clear from the description of this example, the
thickness of an adhesive layer disposed between a polarizing
layer and a substrate is not negligible. However, as described
above, the effect of the Young’s modulus is negligible. There-
fore, a support base and an adhesive layer may be regarded as
one support base as a whole the thickness of which is the sum
of'the thickness of the actual support base and the thickness of
the adhesive layer. Conversely, when it is difficult to adjust the
thickness of a support base, warpage of the liquid crystal
display portion may be suppressed by changing the thickness
of the adhesive layer.

Example 2

[0070] A structure ofaliquid crystal display device accord-
ing to Example 2 is described with reference to FIGS. 2, 4,
and 5. In FIG. 5, the first adhesive layer la is disposed
between the first polarizing plate 1 and the first substrate 3
while the second adhesive layer 2a is disposed between the
second polarizing plate 2 and the second substrate 4. The
thickness of the first adhesive layer 1a and the second adhe-
sive layer 2a is 20 um. Both the support base 151 on the outer
side of the first polarizing plate and the support base 2s1 on
the outer side of the second polarizing plate are TAC films,
and the thickness of the support base 1s1 on the outer side of
the first polarizing plate and the support base 251 on the outer
side of the second polarizing plate is 40 um. The first polar-
izing layer 1p and the second polarizing layer 2p are formed
of PVA, and the thickness of the first polarizing layer 1p and
the second polarizing layer 2p is 30 um. The thickness of the
support base 152 on the inner side of the first polarizing plate
is 96 pm. The thickness of the support base 252 on the inner
side of the second polarizing plate is 40 pm. With reference to
FIG. 4, L=700 mm and b=400 mm. With regard to the strains
on the first polarizing layer 1p, €,,,=0.115 and €,,,=0.1.
[0071] In the elasticity simulation, the largest amounts of
warpage in the directions of L and b were 1.5 mm and -1.4
mm, respectively. It was thus confirmed that the expected
effect was obtained.



US 2011/0013115 Al

[0072] Although, in Examples 1 and 2, priority is given
only to the above-mentioned guidelines 1 and 3, it is often
necessary to suppress warpage of the liquid crystal display
portion on the whole. Further, actually, the thickness of a
general-purpose polarizing plate and the thickness of a gen-
eral-purpose support base are discrete. Such realistic prob-
lems may be accommodated with a clear guideline based on
the above-mentioned findings. More specifically, when
k>(1+kB)/(B?+k), at least the following Equation 26 is
required to be satisfied. This is a condition for making W, and
W, of opposite sign and for suppressing the amount of
warpage in the direction of L.

[Equation 26]

(26)

L +kp* (h2p+hg

T e R

h,+h hop +h
hl,,( “’2 £ +hm]<kh2,,( 2"2 L +hm]

When k<(1+kf*)/(B>+k), the following Equation 27 is
Required to be satisfied:

[Equation 27]

Bap + g Qen

kth( + hm] <

hip+h L+kfB? (hop+h
hlp( pz g+h1x2]< Y 2p( p2 g+h252]

Example 3

[0073] A structure of a liquid crystal display device accord-
ing to Example 3 is described with reference to FIGS. 2, 4,
and 5. In FIG. 5, the first adhesive layer 1a is disposed
between the first polarizing plate 1 and the first substrate 3
while the second adhesive layer 2a is disposed between the
second polarizing plate 2 and the second substrate 4. The
thickness of the first adhesive layer 1a and the second adhe-
sive layer 2a is 20 um. The support base 151 on the outer side
of the first polarizing plate, the support base 152 on the inner
side of the first polarizing plate, the support base 252 on the
inner side of the second polarizing plate, and the support base
251 on the outer side of the second polarizing plate are all TAC
films, and the thickness thereof'is 80 pm. The first polarizing
layer 1p and the second polarizing layer 2p are formed of
PVA, and the thickness of'the first polarizing layer 1pis 34 um
while the thickness of the second polarizing layer 2p is 30 pm.
With reference to FIG. 4, L=700 mm and b=400 mm. With
regard to the strains on the first polarizing layer 1p, €,,,=0.
115 and €,,,=0.1.

[0074] In this example, priority is given to suppression of
warpage in the direction of L, and thus, the first polarizing
layer 1p is made thicker than the second polarizing layer 2p.
FIGS. 8 and 9 are graphs illustrating the result of determining
W, and W, respectively, with h,,, and h,, being the param-
eters. [t may be seen that, when the thickness of the polarizing
layer changes by about 2 um, the shape of the warpage is
clearly affected. Because the first adhesive layer 1a and the
second adhesive layer 2a are included in the example illus-
trated in FIG. 5, h, , and h,, in Equation 22 are replaced by
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h,,,+h,,and h,,+h,,, respectively, where h, , and h, , are the
thicknesses of the first adhesive layer 1a and the second
adhesive layer 2a, respectively. In the structure of this
example, it may be seen that W, is almost zero.

Example 4

[0075] A structure ofaliquid crystal display device accord-
ing to Example 4 is described with reference to FIGS. 2, 4,
and 5. In FIG. 5, the first adhesive layer 1a is disposed
between the first polarizing plate 1 and the first substrate 3
while the second adhesive layer 2a is disposed between the
second polarizing plate 2 and the second substrate 4. The
thickness of the first adhesive layer 1a and the second adhe-
sive layer 2a is 20 um. The support base 151 on the outer side
of'the first polarizing plate, the support base 152 on the inner
side of the first polarizing plate, the support base 252 on the
inner side of the second polarizing plate, and the support base
251 on the outer side of the second polarizing plate are all TAC
films, and the thickness thereof is 80 um. The first polarizing
layer 1p and the second polarizing layer 2p are formed of
PVA, and the thickness of the first polarizing layer 1pis 27 um
while the thickness of the second polarizing layer 2p is 25 um.
With reference to FIG. 4, L=700 mm and b=400 mm. With
regard to the strains on the first polarizing layer 1p, €,,,=0.
115 and €,,,=0.1.

[0076] In the elasticity simulation, the largest amounts of
warpage in the directions of L and b were 1.1 mm and -1.2
mm, respectively. It was thus confirmed that the expected
effect was obtained.

Example 5

[0077] A structure ofaliquid crystal display device accord-
ing to Example 5 is described with reference to FIGS. 2, 4,
and 10. FIG. 10 is a diagram illustrating a structure of a liquid
crystal display device including the liquid crystal display
portion 6 and the backlight device 10. The liquid crystal
display portion 6 includes the first polarizing plate 1, the
second polarizing plate 2, the first substrate 3, the second
substrate 4, and the liquid crystal layer 5. The backlight
device 10 includes the light source 7, the frame member 8,
and the optical element group 9. The liquid crystal layer 5 is
sandwiched between the first substrate 3 and the second sub-
strate 4. A side of the liquid crystal display portion 6 which is
farther from the backlight device 10 is a display surface. The
first polarizing plate 1 is disposed on a side of the first sub-
strate 3 opposite to the liquid crystal layer 5. The second
polarizing plate 2 is disposed on a side of the second substrate
4 opposite to the liquid crystal layer 5. The first polarizing
plate 1 includes the support base 152 on the inner side of the
first polarizing plate, the first polarizing layer 1p, and the
support base 151 on the outer side of the first polarizing plate.
The second polarizing plate 2 includes the support base 252
on the inner side of the second polarizing plate, the second
polarizing layer 2p, and the support base 2s1 on the outer side
of the second polarizing plate. In FIG. 10, the first adhesive
layer 1a is disposed between the first polarizing plate 1 and
the first substrate 3 while the second adhesive layer 2a is
disposed between the second polarizing plate 2 and the sec-
ond substrate 4. The thickness of the first adhesive layer 1a
and the second adhesive layer 2a is 20 um. An optical phase
compensation film 2¢ is disposed between the second polar-
izing plate 2 and the second substrate 4 for the purpose of
improving the visual angle. The thickness h,, of the optical
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phase compensation film 2¢ is 100 pm. The support base 1s1
on the outer side of the first polarizing plate, the support base
152 on the inner side of the first polarizing plate, the support
base 252 on the inner side of the second polarizing plate, and
the support base 251 on the outer side of the second polarizing
plate are all TAC films, and the thickness thereof is 80 um.
The first polarizing layer 1p and the second polarizing layer
2p are formed of PVA, and the thickness of the first polarizing
layer 1p is 32 pm while the thickness of the second polarizing
layer 2p is 25 pm. With reference to FIG. 4, L=700 mm and
b=400 mm. With regard to the strains on the first polarizing
layer 1p, €,,,=0.115 and € ,,,=0.1.

[0078] In this example, priority is given to suppression of
warpage in the direction of L, and thus, the first polarizing
layer 1p is made thicker than the second polarizing layer 2p.
FIGS. 11 and 12 are graphs illustrating the result of determin-
ing W; and W,, respectively, with h,,, and h,, being the
parameters. Because the adhesive layers 1la and 2a are
included in the example illustrated in FIG. 10, h, , and h, , in
Equation 22 are replaced by h,,+h,, and h,,+h, +h,_
respectively, where h, , and h,, are the thicknesses of the first
adhesive layer 1a and the second adhesive layer 2a, respec-
tively. As is clear from the process of deriving Equation 22,
when an optical phase compensation film is disposed, it is
necessary to add the thickness of the optical phase compen-
sation film to the thickness of the support base in Equation 22.
In the structure of this example, it may be seen that W, is
almost zero.

[0079] Inthe elasticity simulation, the absolute value of the
largest amount of warpage in the direction of L was 0.048
mm. When the thickness of the first polarizing layer 1p and
the second polarizing layer 2p is 30 pm, the absolute value of
the largest amount of warpage is 5.3 mm, and thus, the abso-
lute value of the largest amount of warpage according to this
example is smaller. It should be noted that, in the elasticity
simulation, with regard to the Young’s modulus of the optical
phase compensation film 2¢, a value 3500 MPa which is the
same as that of the TAC films is used. As described above,
because the Young’s modulus hardly affects the amount of
warpage of the liquid crystal display portion, there is no
problem.

Example 6

[0080] A structure of Example 6 is described with reference
to FIGS. 2, 4, and 10. In FIG. 10, the first adhesive layer 1a is
disposed between the first polarizing plate 1 and the first
substrate 3 while the second adhesive layer 2qa is disposed
between the second polarizing plate 2 and the second sub-
strate 4. The thickness of the first adhesive layer 1a and the
second adhesive layer 2a is 20 um. The optical phase com-
pensation film 2¢ is disposed for the purpose of improving the
visual angle. The thickness of the optical phase compensation
film 2¢ is 100 pm. All of the support base 151 on the outer side
of the first polarizing plate, the support base 152 on the inner
side of the first polarizing plate, the support base 252 on the
inner side of the second polarizing plate, and the support base
251 on the outer side of the second polarizing plate are TAC
films, and the thickness thereof is 80 pm. The first polarizing
layer 1p and the second polarizing layer 2p are formed of
PVA. The thickness of the first polarizing layer 1p is 30 um
while the thickness of the second polarizing layer 2p is 36 pum.
With reference to FIG. 4, L=700 mm and b=400 mm. With
regard to the strains on the first polarizing layer 1p, €,,,=0.
115 and €,,,=0.1.
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[0081] In the elasticity simulation, the largest amounts of
warpage in the directions of L and b were 1.5 mm and -1.6
mm, respectively. It was thus confirmed that the expected
effect was obtained.

Example 7

[0082] A structure of Example 7 is described with reference
to FIGS. 2, 4, and 10. In FIG. 10, the first adhesive layer 1a is
disposed between the first polarizing plate 1 and the first
substrate 3 while the second adhesive layer 2a is disposed
between the second polarizing plate 2 and the second sub-
strate 4. The thickness of the first adhesive layer 1a and the
second adhesive layer 2a is 20 pm. The optical phase com-
pensation film 2¢ is disposed for the purpose of improving the
visual angle. The thickness of the optical phase compensation
film 2¢ is 100 um. All of the support base 151 on the outer side
of'the first polarizing plate, the support base 152 on the inner
side of the first polarizing plate, the support base 252 on the
inner side of the second polarizing plate, and the support base
251 on the outer side of the second polarizing plate are TAC
films, and the thickness thereof is 80 pum. The first polarizing
layer 1p and the second polarizing layer 2p are formed of
PVA. The thickness of the first polarizing layer 1p is 20 um
while the thickness of the second polarizing layer 2p is 24 um.
With reference to FIG. 4, L=700 mm and b=400 mm. With
regard to the strains on the first polarizing layer 1p, €,,=0.
115 and E,=0.1.

[0083] In the elasticity simulation, the largest amounts of
warpage in the directions of L and b were 1.0 mm and -1.1
mm, respectively. It was then confirmed that the expected
effect was obtained. In Example 6 and in Example 7, the
thickness of the first polarizing layer 1p is not the same as the
thickness of the second polarizing layer 2p and W,+W,=0
holds. However, the obtained absolute values of the largest
amount of warpage according to this example are smaller.
This is because, as may be seen from Equation 22, both the
thickness of the first polarizing layer 1p and the thickness of
the second polarizing layer 2p in this example are smaller
than those in Example 6. As described above, it is impossible
to make both W, and W, zero at the same time only by
changing the thicknesses of the polarizing layers and the
support bases. However, to make thinner the polarizing layers
is effective in decreasing the absolute values of W; and W,.
More specifically, by applying the conditions expressed by
Eqgs. 23 to 25, 26, and 27 while decreasing the thickness ofthe
polarizing layers as much as possible, further effects may be
obtained. It should be noted that, when the thicknesses of the
polarizing layers are made to be 30 pm or less, means dis-
closed in Japanese Patent Application Laid-open No. 2009-
93074, for example, may be used.

[0084] In the above-mentioned embodiments and
examples, only structures in which the MD of the second
polarizing plate 2 is in the direction of Las illustrated in FIG.
4 are described. However, with regard to a structure in which
the MD of the first polarizing plate 1 is in the direction of L as
illustrated in FIG. 13, substantially the same may be said. For
example, it is enough to interchange €, ,,E, ,, and € ,,E,, in
Equation 21. Therefore, itis enough to replace k by 1/k in Egs.
23 to 25, 26, and 27.
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[0085] Further, in the above-mentioned embodiments and
examples, transmissive liquid crystal display devices with the
backlight device 10 as illustrated in FIGS. 1 and 2 are
described as examples. However, the present invention is also
applicable to a reflective liquid crystal display device without
the backlight device 10 when a pair of polarizing plates are
used therein.

[0086] Further, in the above-mentioned embodiments and
examples, the strains on and the Young’s moduli of the polar-
izing layers are important. However, specific values thereof
are not important, and it is enough that the ratio between the
MD and the TD is known. It follows that, if € and E of one of
the MD and the TD are known, by joining together a pair of
polarizing plates including the same support base the Young’s
moduli and the like thereof being known and the aspect ratio
thereofbeing sufficiently large such that the MDs and the TDs
thereof are coincident, respectively, and by actually measur-
ing the warpage as the environment changes, determination
by calculation is possible. When the rigidity is small and a
problem in handling arises, a glass plate may be sandwiched
between the polarizing plates. Of course, direct measurement
using a strain gage is also possible, but it should be noted that
the behavior of the strain on a polarizing layer differs between
a case in which the polarizing layer is directly in contact with
the outside air and a case in which the polarizing layer is in
contact with the outside air via a support base.

[0087] Further, in the above-mentioned embodiments and
examples, the first polarizing layer and the second polarizing
layer are assumed to have the same physical properties except
for the thickness, especially the same strain and the same
Young’s modulus. However, the first polarizing layer and the
second polarizing layer may have different physical proper-
ties. In such a case, by performing calculations according to
the steps beginning from Equation 21 in which the strains on
the first polarizing layer in the MD and the TD are expressed
as€,,,»and E, ,,, respectively, the Young’s moduli of the first
polarizing layer in the MD and the TD are expressed as E, .,
and E, ;, respectively, the strains on the second polarizing
layer in the MD and the TD are expressed as €,,,,, and €, ,,,
respectively, and the Young’s moduli of the second polarizing
layer in the MD and the TD are expressed as E,,, and E, ;,,
respectively, a condition to be satisfied may be determined.
For example, Equation 21 is transformed into the following
Equation 28:

[Equation 28]

28

hip+hyg
ML = —81TDE1mh1pb( T+ hm] +

hz +h
‘92MDE2MDh2pb( p2 £ +h232]

hyp + b
My = —81MDElMDh1pL( 3 +hio |+

h

hop +
82TDEzrDh2yL( p2 g+h252]

In Equation 23, k=(€,,,E )/ (€, 7pE | 7p) 1s substituted. In
Equation 24, k=(€, ,,nE 1 1,0) (€27pE ) 15 substituted. Equa-
tion 25 is transformed into the following Equation 29:
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[Equation 29]

hip+hy 29)
h (T

1 + hlsz] =

2

earpEarp + B e2mp E2mp (th +hg h ]
2p) 252

PeimEim + empErup 2

[0088] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:
1. A liquid crystal display device comprising a liquid crys-
tal display portion,
the liquid crystal display portion comprising:
a first substrate disposed on a side opposite to a display
surface of the liquid crystal display portion;
a second substrate disposed on a side of the display
surface of the liquid crystal display portion;
a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;
a first polarizing plate disposed on a side of the first
substrate opposite to the liquid crystal layer; and
a second polarizing plate disposed on a side of the sec-
ond substrate opposite to the liquid crystal layer,
wherein:
the first polarizing plate comprises a first polarizing layer
mainly containing stretched polyvinyl alcohol (PVA);
the second polarizing plate comprises a second polarizing
layer mainly containing stretched PVA;
the first polarizing layer has a stretch direction (MD) that is
substantially orthogonal to a stretch direction (MD) of
the second polarizing layer;
the MD of the second polarizing layer is substantially
parallel to a long side direction of the liquid crystal
display portion; and
the following relation is satisfied:

hyp=hy,>2 um, where:

h,,, is a thickness of the first polarizing layer; and
h,, is a thickness of the second polarizing layer.
2. A liquid crystal display device comprising a liquid crys-
tal display portion,
the liquid crystal display portion comprising:
a first substrate disposed on a side opposite to a display
surface of the liquid crystal display portion;
a second substrate disposed on a side of the display
surface of the liquid crystal display portion;
a liquid crystal layer sandwiched between the first sub-
strate and the second substrate;
a first polarizing plate disposed on a side of the first
substrate opposite to the liquid crystal layer; and
a second polarizing plate disposed on a side of the sec-
ond substrate opposite to the liquid crystal layer,
wherein:
the first polarizing plate comprises a first polarizing layer
mainly containing stretched polyvinyl alcohol (PVA);
the second polarizing plate comprises a second polarizing
layer mainly containing stretched PVA;
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the first polarizing layer has a stretch direction (MD) that is
substantially orthogonal to a stretch direction (MD) of
the second polarizing layer;

the MD of the first polarizing layer is substantially parallel
to a long side direction of the liquid crystal display
portion; and

the following relation is satisfied:

ho,=h1,>2 pm, where:

h,,, is a thickness of the first polarizing layer; and

h,, is a thickness of the second polarizing layer.

3. The liquid crystal display device according to claim 1,
wherein the following relation is satisfied:

By o=hp5>20 pm, where:

h,,, is a distance in a thickness direction between the first
substrate and the first polarizing layer; and
h,,, is a distance in the thickness direction between the
second substrate and the second polarizing layer.
4. The liquid crystal display device according to claim 2,
wherein the following relation is satisfied:

hyo—h15>20 um, where:

h, ,, is a distance in a thickness direction between the first

substrate and the first polarizing layer; and

h,,, is a distance in the thickness direction between the

second substrate and the second polarizing layer.

5. The liquid crystal display device according to claim 1,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f'40° C. or higher and 70° C. or lower, the following Equa-
tion 1 holds:

[Equation 1]

hy, +h hy, + h (1)
hlp(% + hm] = kth(% + hm]

where:

h,, is the thickness of the first polarizing layer;

h,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a

thickness of the second substrate;

h, ., is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€5, 18 a strain per unit length in the MD on the first polar-

izing layer;

€, isa strain perunit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

Ep1s aYoung’s modulus in the MD of the first polarizing

layer;

E . 1s a Young’s modulus in the TD of the first polarizing

layer; and

k=(eppBam)/ (€rpErp)-

6. The liquid crystal display device according to claim 1,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f'40° C. or higher and 70° C. or lower, the following Equa-
tion 2 holds:

12
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[Equation 2]

@

hy, + h,
hlp( p2 g

1 (hy,+h
+h152]:—h2p( P

X 7t h“]

where:

h, is a sum of a thickness of the first substrate and a

thickness of the second substrate;

h, ., is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€, 15 a strain per unit length in the MD on the first polar-

izing layer;

€,p1s astrain per unit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

E, 1s a Young’s modulus in the MD of the first polarizing

layer;

Ep 1s a Young’s modulus in the TD of the first polarizing

layer; and

k=(expErm)(€rpE1p)-

7. The liquid crystal display device according to claim 1,
wherein, under an environment having a temperature in one
ofarange of —10° C. orhigher and 10° C. or lower, and arange
of'40° C. or higher and 70° C. or lower, the following Equa-
tion 3 holds:

[Equation 3]
hyp +h, L+kfB? (hy, +h 3)
hlp( pz : +h152] = Whh)( p2 z +h252]

where:
h, , is the thickness of the first polarizing layer;
h,, is the thickness of the second polarizing layer;
h, is a sum of a thickness of the first substrate and a
thickness of the second substrate;
h, , is a distance in a thickness direction between the first
substrate and the first polarizing layer;
h,,, is a distance in the thickness direction between the
second substrate and the second polarizing layer;
€, 18 a strain per unit length in the MD on the first polar-
izing layer;
€,p1s astrain per unit length in a direction (TD) orthogonal
to the MD on the first polarizing layer;
E, o 1s aYoung’s modulus in the MD of the first polarizing
layer;
E ., is a Young’s modulus in the TD of the first polarizing
layer;
k=(eypBrm)/(€rpErp); and
=L/b, where L is a length in a long side direction of the
liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b.
8. The liquid crystal display device according to claim 2,
wherein, under an environment having a temperature in one
ofarange of —10° C. orhigher and 10° C. or lower, and arange
of'40° C. or higher and 70° C. or lower, the following Equa-
tion 4 holds:



US 2011/0013115 Al

[Equation 4]

1

hyp +
+hm]=/-(h2,,( Pt

(C)]

hy, +h
hlp( ? 5 £ +hm]

where:

h,, is the thickness of the first polarizing layer;

h,,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a

thickness of the second substrate;

h, ,, is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€, 18 a strain per unit length in the MD on the first polar-

izing layer;

€, 18 a strain perunit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

E,zp 1s a Young’s modulus in the MD of the first polarizing

layer;

E;p is a Young’s modulus in the TD of the first polarizing

layer; and

k=(eppBrm) (€pErp)-

9. The liquid crystal display device according to claim 2,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f'40° C. or higher and 70° C. or lower, the following Equa-
tion 5 holds:

[Equation 5]

hip, +h (5)
hlp( ”2 L +hm]=kh2p(

hap + by

+ hm]

where:

h,, is the thickness of the first polarizing layer;

h,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a

thickness of the second substrate;

h, , is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€, 18 a strain per unit length in the MD on the first polar-

izing layer;

€, 1sa strain per unit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

E,spis aYoung’s modulus in the MD of the first polarizing

layer;

E,p is aYoung’s modulus in the TD of the first polarizing

layer; and

k=(eppBrm)/ (€rpErp)-

10. The liquid crystal display device according to claim 2,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f 40° C. or higher and 70° C. or lower, the following Equa-
tion 6 holds:

13
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[Equation 6]

hyp + by Bk (hyp+hy ©
{223 (

+ hm] = W 2p 5 + hm]

where:

h,,, is the thickness of the first polarizing layer;

h,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a
thickness of the second substrate;

h, ., is a distance in a thickness direction between the first
substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the
second substrate and the second polarizing layer;

€, 18 a strain per unit length in the MD on the first polar-
izing layer;

€ 1s a strain per unit length in a direction (TD) orthogonal
to the MD on the first polarizing layer;

E,p1s aYoung’s modulus in the MD of the first polarizing
layer;

E ., is a Young’s modulus in the TD of the first polarizing
layer;

k=(expErm)/(€rp€rp); and

=L/b, where L is a length in a long side direction of the
liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b.

11. The liquid crystal display device according to claim 5,

wherein, the following relation is satisfied:

(1122010 pm) <y </ 26+10 pm),

where:
h, ,, is a distance in a thickness direction between the first
substrate and the first polarizing layer; and
h, ;, is h, ,, determined by the Equation 1.
12. The liquid crystal display device according to claim 5,
wherein the following relation is satisfied:

(yp0=1 pm)<hy,<(hy,o+1 pm),

where:

h, , is the thickness of the first polarizing layer; and

h,,, is a thickness of the first polarizing layer determined

by the Equation 1.

13. The liquid crystal display device according to claim 1,
wherein, under an environment having a temperature in one
ofarange of —10° C. orhigher and 10° C. or lower, and arange
of'40° C. or higher and 70° C. or lower, the following Equa-
tion 7 holds:

[Equation 7]
L+ (o +h ™
Tk 217( 2p2 £+ hm] <
hip+h hop +h,
hlp( 1p2 L + hls2] < kth( G L + hzsz]

where:
h,, is the thickness of the first polarizing layer;
h,,, is the thickness of the second polarizing layer;
h, is a sum of a thickness of the first substrate and a
thickness of the second substrate;
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h, ,, is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€, 15 a strain per unit length in the MD on the first polar-

izing layer;

€, 1s a strain per unit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

E,/p1s aYoung’s modulus in the MD of the first polarizing

layer;

Ep 1s aYoung’s modulus in the TD of the first polarizing

layer;

k=(errpBam)/ (€7pEmp);

p=L/b, where L is a the length in a long side direction of the

liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b;
and

k>(1+kB2)(B2+Kk).

14. The liquid crystal display device according to claim 1,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f'40° C. or higher and 70° C. or lower, the following Equa-
tion 8 holds:

[Equation 8]
kth( Ty + by + hm] < "
hlp(hlp ;hgg + h1s2] < I,B;-—I:Bkzhzv(th; B * hm]
where:

h,, is the thickness of the first polarizing layer;

th is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a

thickness of the second substrate;

h, ,, is a distance in a thickness direction between the first

substrate and the first polarizing layer;

h,,, is a distance in the thickness direction between the

second substrate and the second polarizing layer;

€5, 18 a strain per unit length in the MD on the first polar-

izing layer;

€, 1s a strain per unit length in a direction (TD) orthogonal

to the MD on the first polarizing layer;

E,spis aYoung’s modulus in the MD of the first polarizing

layer;

Ep is a Young’s modulus in the TD of the first polarizing

layer;

k=(erpErm) (€7pE1p):

p=L/b, where L is a length in a long side direction of the

liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b;
and

k<(1+kB>)/(B>+k).

15. The liquid crystal display device according to claim 2,
wherein, under an environment having a temperature in one
ofarange of -10°C. or higher and 10° C. or lower, and arange
0f'40° C. or higher and 70° C. or lower, the following Equa-
tion 9 holds:
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[Equation 9]
1 hy, + b, 9
Ehz,,( 2"2 £ +h2,2]< ®
hip+h Bk hap + b,
hlp( p2 £ +h1x2] < 717 hz;;( Pz £ hz:z]

where:

h, , is the thickness of the first polarizing layer;

h,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a
thickness of the second substrate;

h, ,, is a distance in a thickness direction between the first
substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the
second substrate and the second polarizing layer;

€, 15 a strain per unit length in the MD on the first polar-
izing layer;

€, 1s a strain per unit length in a direction (TD) orthogonal
to the MD on the first polarizing layer;

E,/ 1s a Young’s modulus in the MD of the first polarizing
layer;

E 5 is a Young’s modulus in the TD of the first polarizing
layer;

k=(expEamn)/(€1pE1p);

B=L/b, where L is a length in a long side direction of the
liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b;
and

K>(1+kB2)/(B>+K).

16. The liquid crystal display device according to claim 2,
wherein, under an environment having a temperature in one
ofarange of —10° C. orhigher and 10° C. or lower, and arange
of'40° C. or higher and 70° C. or lower, the following Equa-
tion 10 holds:

[Equation 10]

(10

Btk hop + 1y
Tragln| 7 thee )<
hap + By

2

hy, +h
hlp( 02 g

1
+ hlsZ] < ZhZ})( + h2s2]

where:

h;,, is the thickness of the first polarizing layer;

h,, is the thickness of the second polarizing layer;

h, is a sum of a thickness of the first substrate and a
thickness of the second substrate;

h, ,, is a distance in a thickness direction between the first
substrate and the first polarizing layer;

h,, is a distance in the thickness direction between the
second substrate and the second polarizing layer;

€, 15 a strain per unit length in the MD on the first polar-
izing layer;

€ 1s a strain per unit length in a direction (TD) orthogonal
to the MD on the first polarizing layer;

E,/p is a Young’s modulus in the MD of the first polarizing
layer;
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Ep is aYoung’s modulus in the TD of the first polarizing

layer;

k=(eppErm)/ (€rpEmp):

p=L/b, where L is a length in a long side direction of the

liquid crystal display portion, b is a length in a short side
direction of the liquid crystal display portion, and L>b;
and

k<(1+kB>)Y/(B>+K).

17. The liquid crystal display device according to claim 1,
wherein at least one of the thickness of the first polarizing
layer and the thickness of the second polarizing layer is 30 pum
or smaller.

18. The liquid crystal display device according to claim 1,
further comprising a frame member for fixing the liquid crys-
tal display portion in position,
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wherein space between an outermost surface on the side of
the display surface of the liquid crystal display portion
and the frame member is 1.5 mm or smaller.

19. The liquid crystal display device according to claim 1,
further comprising a backlight device disposed on the side
opposite to the display surface of the liquid crystal display
portion, wherein:

the backlight device comprises a planar optical element;

the liquid crystal display portion and the backlight device

sandwich no structure for providing space therebe-
tween; and

the liquid crystal display portion is disposed immediately

above the planar optical element.
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