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FIG. 1(RELATED ART)
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FIG. 2(BACKGROUND ART)
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CIRCULAR POLARIZER, LIQUID CRYSTAL
DISPLAY DEVICE, AND TERMINAL DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a circular polarizer,
and to a liquid crystal display device and a terminal device
that use the circular polarizer, and particularly relates to a
circular polarizer having excellent wavelength characteristics
and excellent viewing angle characteristics when viewed at
an angle, and to a liquid crystal display device and a terminal
device that use the circular polarizer.

[0003] 2. Description of the Related Art

[0004] Because of their thin profile, light weight, small
size, low energy consumption, and other advantages, display
devices that use liquid crystals have been widely deployed
and used in a range of devices that includes monitors, televi-
sions (TV: Television), and other large terminal devices; note-
book-type personal computers, cash dispensers, vending
machines, and other mid-sized terminal devices; and personal
TVs, PDAs (Personal Digital Assistance: personal informa-
tion terminal), mobile telephones, mobile gaming devices,
and other small terminal devices. In the liquid crystal panel
that is the primary component of a liquid crystal display
device, information is displayed by using an electric field to
control the orientation of liquid crystal molecules, and
numerous modes have been proposed according to the com-
bination of the type and initial orientation of the liquid crystal
molecules, the direction of the electric field, and other char-
acteristics. Among these modes, the modes most often used in
a conventional terminal device include an STN (Super
Twisted Nematic) mode using a simple matrix structure, and
a TN (Twisted Nematic) mode using an active matrix struc-
ture. However, a liquid crystal panel that uses these modes has
a narrow range of angles in which contrast ratios can be
correctly distinguished, and grayscale inversion occurs out-
side the optimum viewing position.

[0005] This problem of grayscale inversion was relatively
insignificant in mobile telephones and other terminal devices
when the display content consisted mainly of telephone num-
bers and other characters. However, with recent technological
development, terminal devices have come to display not only
text information, but also large amounts of image informa-
tion. The visibility of images is therefore severely reduced by
grayscale inversion. Liquid crystal panels that use a mode
having a wide range of angles at which contrast ratio can be
correctly distinguished without the occurrence of grayscale
inversion are therefore gradually being installed in terminal
devices. Liquid crystal panels having this type of mode are
referred to generically as wide-viewing-angle liquid crystal
panels, and IPS (In-Plane Switching) modes and other hori-
zontal field modes, multi-domain vertical alignment modes,
and the like are applied therein.

[0006] Among the wide-viewing-angle modes, the multi-
domain vertical alignment mode is a scheme that has domains
in which the orientation directions compensate for each other
in a vertical-alignment-mode liquid crystal panel in which a
vertical alignment state exists when a voltage is not applied,
and the liquid crystal molecules align parallel to the substrate
boundary when a voltage is applied. Specifically, liquid crys-
tal molecules that are oriented in a certain direction are opti-
cally compensated for by liquid crystal molecules of another
domain that are aligned in a different direction, and the view-
ing angle is improved.
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[0007] Although the liquid crystal molecules are oriented at
an angle when a voltage is applied in this multi-domain ver-
tical alignment mode, the effects of the angled liquid crystal
molecules are optically compensated for, and the viewing
angle is improved.

[0008] In contrast, in an IPS scheme or other horizontal
field mode, the liquid crystal molecules are uniaxially ori-
ented parallel to the substrate, and when a voltage is applied
parallel to the substrate, the liquid crystal molecules rotate
while maintaining a state parallel to the substrate. Specifi-
cally, since the liquid crystal molecules do not stand upright
in relation to the substrate even when a voltage is applied, the
advantage of a wide viewing angle is gained in principle.
[0009] In a display device that uses liquid crystals, the
liquid crystal molecules as such do not emit light, and some
type of light must therefore be used in order for the display to
be visible. These liquid crystal display devices can be gener-
ally classified as transmissive, reflective, or semi-transmis-
sive (using transmitted light and reflected light jointly)
according to the type of light source used. Energy consump-
tion can be reduced in the reflective type, since external light
can be utilized in the display device, but contrast ratio and
other aspects of display performance are inferior compared to
the transmissive type. Therefore, transmissive and semi-
transmissive liquid crystal display devices are currently in the
mainstream. In transmissive and semi-transmissive liquid
crystal display devices, a light source is installed on the back
surface of a liquid crystal panel, and a display is created using
the light emitted by the light source. In particular, medium-
sized liquid crystal display devices are carried by a user and
used under various conditions. Therefore, semi-transmissive
liquid crystal display devices that have high visibility in any
situation are used as such medium-sized devices as a result of
the fact that the reflective display is visible in bright locations,
and the transmissive display is visible in dark locations.
[0010] An ECB (Electrically Controlled Birefringence)
mode or the aforementioned multi-domain vertical alignment
mode having characteristics of high resolution and wide
viewing angle has been used in the past in liquid crystal
panels used in these semi-transmissive liquid crystal display
devices.

[0011] FIG. 1 is a sectional view showing the vertical-
alignment-mode semi-transmissive liquid crystal panel used
in the first conventional liquid crystal display device
described in AsiaDisplay/IDWO01, p. 134. As shown in FIG. 1,
in the vertical-alignment-mode semi-transmissive liquid
crystal display device that is the first conventional example, a
backlight 4007, a lower polarizer 4006, a lower A/4 plate
4005, aliquid crystal layer 4003, an upper A/4 plate 4002, and
anupper polarizer 4001 are layered in sequence from the back
side, and a reflecting plate 4004 is formed under the liquid
crystal layer 4003 of the reflective display region. Since liquid
crystals having negative dielectric anisotropy are vertically
oriented in the liquid crystal layer, there is no refractive index
anisotropy in the plane of the display when a voltage is not
applied, and the liquid crystal layer is isotropic. The upper A/4
plate 4002 and the lower A/4 plate 4005 are also arranged so
that the slow axes thereof are orthogonal to each other. An
optical sheet in which a A/4 plate and a polarizer that emits
linearly polarized light are placed together so that the absorp-
tion axis of the polarizer and the low axis of the A/4 plate are
ata 45 degree angle in the manner of the present conventional
example has the effect of emitting circularly polarized light. A
polarizer that generates circularly polarized light in this man-
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ner is generally referred to as a circular polarizer, and is
distinguished from a polarizer that emits linearly polarized
light.

[0012] In the first conventional vertical-alignment-mode
semi-transmissive liquid crystal panel thus configured as
described in AsiaDisplay/IDWO1, p. 134, light that passes
through the upper polarizer 4001 enters the upper A/4 plate
4002 as linearly polarized light, and is emitted as counter-
clockwise circular polarized light in the reflective display
region in the off state in which a voltage is not applied. The
light then enters the liquid crystal layer 4003, but since the
liquid crystal layer does not have refractive index anisotropy
in the plane of the display as previously mentioned, there is no
change in the polarization state. Consequently, the light
enters the reflecting plate 4004 without modification as coun-
terclockwise circularly polarized light, is converted to clock-
wise circularly polarized light upon being reflected by the
reflecting plate 4004, and enters the liquid crystal layer 4003.
The light that passes as clockwise circularly polarized light
through the liquid crystal layer 4003 without modification
reenters the upper A/4 plate 4002, and is converted to linearly
polarized light, but since the light enters in a state of circular
polarization in the opposite direction from when the light
entered, the emitted light is linearly polarized light that is
orthogonal to the incident light. The light that enters the upper
polarizer 4001 is therefore absorbed by the polarizer. Specifi-
cally, the display turns black when a voltage is not applied in
the reflective display part. However, when a voltage is
applied, since the liquid crystal that was vertically aligned is
no longer upright, and birefringence occurs in the display
plane, the polarization state changes so that light is emitted,
and the display turns white. Specifically, a normally black
reflective display is created.

[0013] Inthe transmissive region in the off state in which a
voltage is not applied, light emitted from the backlight 4007
that enters the lower polarizer 4006 becomes linearly polar-
ized light, enters the lower A/4 plate 4005, and enters the
liquid crystal layer 4003 as clockwise circularly polarized
light. As described above, the liquid crystal layer 4003 to
which a voltage is not applied does not have optical anisot-
ropy in the display plane, and the incident clockwise circu-
larly polarized light is therefore emitted without modification
from the liquid crystal layer 4003, and enters the upper A/4
plate 4002. The light that enters the upper A/4 plate 4002 is
converted to linearly polarized light, but is absorbed by the
upper polarizer 4001. Specifically, the display turns black
when a voltage is not applied in the transmissive display part.
However, when a voltage is applied, since the liquid crystal
that was vertically aligned is no longer upright, and birefrin-
gence occurs in the display plane, the polarization state
changes so that light is emitted, and the display turns white.
Specifically, a normally black reflective display is created.

[0014] FIG. 2is aschematic sectional diagram showing the
vertical-alignment-mode semi-transmissive liquid crystal
panel used in the second conventional liquid crystal display
device described in Japanese Laid-open Patent Application
No. 2000-035570. The circular polarizer in the first conven-
tional liquid crystal display device was composed of a polar-
izer and a M4 plate, whereas the circular polarizer in the
present conventional example is composed of a polarizer, a
M2 plate, and a M4 plate. As shown in FIG. 2, in the vertical-
alignment-mode semi-transmissive liquid crystal display
device as the second conventional example, a polarizer 2009,
a A2 plate 2012, a A/4 plate 2010, a substrate 2001, a reflec-
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tion electrode 2003 and a transmission electrode 2008, an L.C
layer (vertical alignment) 2005, an opposing electrode 2004,
a substrate 2002, a A/4 plate 2007, a A/2 plate 2011, and a
polarizer 2006 are layered in sequence from the back side.
The slow axis of the A/2 plate 2012 and the slow axis of the A/2
plate 2011, and the slow axis of the A/4 plate 2010 and the
slow axis of the \/4 plate 2007 are arranged orthogonally to
each other, respectively. The LC layer is a liquid crystal layer.

[0015] In the first conventional liquid crystal display
device, the circular polarizer was configured as a wavelength
plate having a polarizer and a A/4 plate. A wavelength plate is
generally fabricated from a polymer film, wherein the refrac-
tive index anisotropy of the polymer film increases the shorter
the wavelength, and decreases the longer the wavelength.
Therefore, when the wavelength plate is set so as to be a A/4
plate at 550 nm, for example, the wavelength plate does not
function adequately as a A/4 plate at wavelengths other than
those near 550 nm, due to the wavelength dependency of the
refractive index anisotropy of the A/4 plate, light leakage
occurs at wavelengths other than those near 550 nm in the
reflective mode of a dark display, and an adequate black level
is not obtained.

[0016] In the second conventional liquid crystal display
device, since the circular polarizer is composed of a polarizer,
aM2 plate, and a A/4 plate, the wavelength dependency of the
refractive index anisotropy that occurs when linearly polar-
ized light is converted to circularly polarized light is can-
celled out to a certain degree. The light can thereby be con-
verted to circularly polarized light in the reflective mode in a
state in which there is minimal fluctuation in the polarization
state in a wide wavelength band of the visible light region.
The contrast ratio of the reflective mode and the coloration of
a dark display in the reflective mode can therefore be
improved. A circular polarizer that is capable of circularly
polarizing light in a state in which there is minimal fluctuation
ofthe polarization state in a wide wavelength band is referred
to as a broadband circular polarizer.

[0017] In the second conventional liquid crystal display
device, the broadband circular polarizer was composed of a
polarizer, a A/2 plate, and a A/4 plate, but according to Japa-
nese Laid-open Patent Application No. 2000-35570, a broad-
band circular polarizer can be formed using a different con-
figuration. For example, a polarizer and three A/2 plates may
be used, or a polarizer, two A/2 plates, and a A/4 plate may be
used.

[0018] A circular polarizer is used not only in vertical-
alignment-mode semi-transmissive liquid crystal panels, but
also in multi-domain vertical-alignment-mode transmissive
liquid crystal panels. When a linear polarizer is used in a
multi-domain vertical alignment mode, regions in which lig-
uid crystals lie down parallel or orthogonal to the absorption
axis of the linear polarizer do not contribute to the transmit-
tance. However, when a circular polarizer is used in a multi-
domain vertical alignment mode, the liquid crystals contrib-
ute to the transmittance regardless of the direction in which
the liquid crystals lie down, and the transmittance is
increased.

[0019] However, the conventional techniques described
above have such problems as the following.

[0020] Specifically, compared to a case in which a linear
polarizer is used, a liquid crystal display device that uses the
conventional circular polarizer has inferior viewing angle
characteristics.
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[0021] The cause of this problem will be described using an
example in which the circular polarizer is composed of a
polarizer and a A/4 plate. The A/4 plate in the circular polar-
izer is designed so as to act as a A/4 plate with respect to light
that enters from the direction normal to the surface of the A/4
plate. Specifically, the A/4 plate is designed so that the retar-
dation Re of the in-plane direction is one-fourth of the wave-
length. The retardation Re is determined by the thickness d of
the A/4 plate and the difference between the in-plane refrac-
tive indices nx, ny in the principal axis direction. As for light
that is at an angle from the normal line, i.e., when the display
is viewed from an angle, the retardation is not solely the Re
determined by nx and ny, but is also affected by the refractive
index nz of the principal axis in the thickness direction, and
the increased optical path length due to the angle in relation to
the normal line. Therefore, when the display is viewed at an
angle, the A/4 plate functions as a retardation plate that differs
from the original A/4 plate, and the combination of the polar-
izer and the /4 plate functions as an elliptical polarizer rather
than a circular polarizer. Furthermore, a circular polarizer
composed of one polarizer and a plurality of in-plane retar-
dation plates is more significantly affected by the difference
of the retardation when viewed at an angle than a circular
polarizer that is composed of one polarizer and one in-plane
retardation plate having retardation in the in-plane direction.
[0022] Since a linear polarizer is used in the transmissive
liquid crystal display device, the viewing angle performance
is superior to the viewing angle performance obtained when a
circular polarizer is used. It was therefore impossible to
enhance the viewing angle performance of a common trans-
missive liquid crystal display device beyond that of the trans-
missive display of the conventional semi-transmissive liquid
crystal display device.

[0023] Furthermore, since the conventional broadband cir-
cular polarizer also had unsatisfactory viewing angle charac-
teristics, the viewing angle performance of the reflective dis-
play of the semi-transmissive liquid crystal display device
could not be enhanced beyond the viewing angle performance
of the common transmissive liquid crystal display device.

SUMMARY OF THE INVENTION

[0024] An object of the present invention is to provide a
circular polarizer that has excellent wavelength characteris-
tics and excellent wide viewing-angle characteristics, and to
provide a liquid crystal display device and a terminal device
that use the circular polarizer.

[0025] The circular polarizer according to the present
invention comprises a plurality of in-plane retardation plates
having a retardation Re>0 in an in-plane direction when the
retardation Re of an in-plane direction is as indicated by
Equation 1 below:

Re=(nx-ny)xd; [Equation 1]

and a retardation Rth in a thickness direction is as indicated by
Equation 2 below:

Rith=((nx+ny)/2-nz)xd [Equation 2]

(wherein nx is a refractive index in a direction in which a
maximum refractive index occurs in a plane, ny is a refractive
index in an in-plane direction orthogonal to the direction in
which the maximum refractive index occurs, nzis a refractive
index in a thickness direction, and d is a thickness); and a
polarizer for polarizing incident light and then transmitting
the light to the in-plane retardation plates, or receiving light
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that has passed through the in-plane retardation plates;
wherein at least one of the in-plane retardation plates satisfies
the relation Rth<0.

[0026] A retardation plate that has a retardation in the in-
plane direction will be referred to hereinafter as an in-plane
retardation plate. The in-plane retardation plates are com-
posed of a film, for example, and the axis that is parallel to the
direction of the maximum refractive index in the plane of the
film is referred to as the slow axis. The circular polarizer of the
present invention is composed of a polarizer and an in-plane
retardation plate in which Re>0, and is formed, for example,
by layering n in-plane retardation plates, wherein numbers i
(whereini=1, 2, . .., n) are assigned in the layering sequence
to the in-plane retardation plates that constitute the circular
polarizer, the polarizer being placed in front. The retardation
in the thickness direction of the i-th in-plane retardation plate
is indicated as Rth1(7). In the present invention, there is at
least one m-th in-plane retardation plate for which Rth1(m)
<0.

[0027] Another circular polarizer may also be formed in
corresponding fashion to such an in-plane retardation plate.
Numbers j (whereinj=1, 2, . .., n) may also be assigned in the
layering sequence to the plurality of in-plane retardation
plates that constitute the other circular polarizer, the polarizer
being placed in front. The retardation in the thickness direc-
tion of the j-th in-plane retardation plate constituting the other
circular polarizer is indicated as Rth2(j).

[0028] Itis preferred at this time that Rth2(1)>0 when Rth1
(1)<0 form=1, Rth2(2)>0 when Rth1(2)<0 for m=2, . .. ,and
Rth2(m)>0 when Rth1(7)<0 for m. By using this configura-
tion, when the circular polarizer of the present invention is
used in a liquid crystal display device in combination with
another circular polarizer that corresponds to the structure of
the in-plane retardation plates of the circular polarizer of the
present invention, it is possible in particular to obtain a liquid
crystal display device whose viewing angle characteristics in
the transmissive display are superior to those obtained by the
conventional circular polarizer. Specifically, the viewing
angle characteristics are further enhanced when the absolute
value of the sum of the Rth values is small.

[0029] A configuration may be adopted in which at least
one of the in-plane retardation plates satisfies the relation
Rth>0. Through the use of such a circular polarizer, since an
in-plane retardation plate in which Rth<0 and an in-plane
retardation plate in which Rth>0 reduce the Rth of each other
within a single circular polarizer, the viewing angle charac-
teristics of the circular polarizer are enhanced.

[0030] The circular polarizer according to the present
invention comprises a plurality of in-plane retardation plates
having a retardation Re>0 in an in-plane direction when the
retardation Re of an in-plane direction is (nx-ny)xd, and a
retardation Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which a
maximum refractive index occurs in a plane; ny is a refractive
index in an in-plane direction orthogonal to the direction in
which the maximum refractive index occurs; nz is a refractive
index in a thickness direction; and d is a thickness), and a
polarizer for polarizing incident light and then transmitting
the light to the in-plane retardation plates, or receiving light
that has passed through the in-plane retardation plates,
wherein all of the in-plane retardation plates satisfy the rela-
tion Rth=0.

[0031] Inthe present invention, the use of a circular polar-
izer having at least two or more in-plane retardation plates in
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which Rth is substantially zero suppresses an increase in the
retardation in the thickness direction of the circular polarizer,
and the viewing angle characteristics of the circular polarizer
are thereby enhanced. The following can be expressed par-
ticularly in the case of the present configuration. In an in-
plane retardation plate in which Rth is substantially zero, the
range of tilted viewing angles is wide, and there is minimal
misalignment of retardations. Therefore, the in-plane retar-
dation plates function as a circular polarizer in a wide range of
tilted viewing angles. Specifically, the viewing angle charac-
teristics of the circular polarizer are enhanced. Since this
circular polarizer uses two or more in-plane retardation
plates, the circular polarizer is also made into a broadband
circular polarizer.

[0032] The in-plane retardation plates may also be A/4
plates or A/2 plates. Such a circular polarizer enables the use
of M/4 plates and A/2 plates that are widely circulated in the
current market, and cost can be lowered relative to developing
all new components.

[0033] A configuration may be adopted in which the wave-
length dependency of in-plane birefringence of the in-plane
retardation plates decreases in monotone fashion with respect
to an increase in wavelength. A configuration may also be
adopted in which the wavelength dependency of in-plane
birefringence of the in-plane retardation plates increases in
monotone fashion with respect to an increase in wavelength.
[0034] High contrast ratio is required in a transmissive dis-
play relative to a reflective display. In the present invention, a
plurality (n) in-plane retardation plates is layered. Numbers
(i=1, 2, ..., n) are assigned in the layering sequence to the
in-plane retardation plates that constitute the circular polar-
izer of the present invention, the polarizer being placed in
front. The Re of each in-plane retardation plate is indicated as
Rel(7). Another circular polarizer may also be formed. Num-
bers (j=1, 2, . .., n)are also assigned in the layering sequence
to the plurality of in-plane retardation plates that constitute
the other circular polarizer 2, the polarizer being placed in
front. The Re of the plurality of in-plane retardation plates
constituting the other circular polarizer are indicated as Re2
-

[0035] Inapreferred configuration in the present invention,
Rel(m)=Re2(m), and the difference of the placement angle
(the angle between the slow axes in the in-plane retardation
plates) is set to 90 degrees for the m-th in-plane retardation
plate in the circular polarizer and the m-th in-plane retarda-
tion plate in the other circular polarizer so that the wavelength
dispersion characteristics of the in-plane retardations com-
pensate for each other. At this time, when Rel () increases
the shorter the wavelength, and Re2(m) decreases the shorter
the wavelength, for example, the difference of the in-plane
retardations increases on the short-wavelength side and the
long-wavelength side, and it becomes difficult to compensate
for the wavelength dispersion characteristics of Rel(m) and
Re2(m) in the entire visible light region. Accordingly, the
difference of the in-plane retardations in each wavelength of
Rel(m) and Re2(m) is preferably small. Consequently, the
present invention is easily implemented when the wavelength
dependency of in-plane birefringence decreases in monotone
fashion with respect to wavelength for both Re1() and Re2
(m). Conversely, the wavelength dependency of in-plane bire-
fringence may also increase in monotone fashion with respect
to wavelength for both Rel(m) and Re2(m).

[0036] A configuration may be adopted in which the circu-
lar polarizer has another in-plane retardation plate between
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the polarizer and the in-plane retardation plates, wherein the
other in-plane retardation plate is disposed so that a slow axis
of the other in-plane retardation plate is perpendicular or
parallel to an absorption axis of the polarizer. This configu-
ration enhances the viewing angle characteristics of the linear
polarizer and further enhances the viewing angle character-
istics of the circular polarizer.

[0037] The liquid crystal display device according to the
present invention is reflective, and uses the circular polarizer.
[0038] Using a broadband circular polarizer that has
enhanced viewing angle characteristics in the present inven-
tion makes it possible to obtain a liquid crystal display device
that has excellent contrast ratio and viewing angle character-
istics.

[0039] A configuration may also be adopted in the liquid
crystal display device wherein a liquid crystal layer compen-
sating plate for optically compensating for a liquid crystal
layer is disposed between the circular polarizer and a liquid
crystal cell ofthe liquid crystal display device. Insuch a liquid
crystal display device, the liquid crystal layer compensating
plate compensates for the anisotropy of the liquid crystal
layer, which affects the contrast ratio and the viewing angle
characteristics, and since the circular polarizer of the present
invention is also used, the contrast ratio and the viewing angle
characteristics of the liquid crystal display device are
enhanced.

[0040] The abovementioned liquid crystal display device
also preferably comprises the circular polarizer provided on a
display surface of the liquid crystal cell of the liquid crystal
display device, and a reflector used for reflective display
provided within the liquid crystal cell, wherein a region
between the circular polarizer and the reflector is placed in an
optically isotropic phase during black display. Circularly
polarized light must not be modulated by a retardation during
black display in order for the contrast ratio and the viewing
angle characteristics of the reflective display to be enhanced
in the liquid crystal display device in which the circular
polarizer is used. Accordingly, during black display in the
liquid crystal display device, the contrast ratio and the view-
ing angle characteristics of the liquid crystal display device
are enhanced by making the in-plane retardation and the
thickness-direction retardation zero in the region from the
circular polarizer to the reflector used for reflective display.
[0041] The terminal device according to the present inven-
tion has the abovementioned liquid crystal display device
mounted therein.

[0042] The liquid crystal display device according to the
present invention comprises a liquid crystal cell in which a
liquid crystal layer is provided between a pair of substrates,
and circular polarizers provided to each substrate surface of
the liquid crystal cell, wherein the circular polarizers have a
plurality of in-plane retardation plates having a retardation
Re>0 in an in-plane direction when the retardation Re of an
in-plane direction is (nx-ny)xd, and a retardation Rth in a
thickness direction is ((nx+ny)/2-nz)xd (wherein nx is a
refractive index in a direction in which a maximum refractive
index occurs in a plane; ny is a refractive index in an in-plane
direction orthogonal to the direction in which the maximum
refractive index occurs; nz is a refractive index in a thickness
direction; and d is a thickness), and a polarizer for polarizing
incident light and then transmitting the light to the in-plane
retardation plates, or receiving light that has passed through
the in-plane retardation plates; wherein the in-plane phase
difference plates that constitute both of the circular polarizers



US 2012/0105775 Al

includes an in-plane phase difference plate in which Rth>0,
and an in-plane phase difference plate in which Rth<0.
[0043] In the present invention, an in-plane retardation
plate in which Rth>0 and an in-plane retardation plate in
which Rth<0 are used as the m-th in-plane retardation plate
constituting one of the circular polarizers, and the m-th in-
plane retardation plate that constitutes the other circular
polarizer, whereby Rth1() and Rth2(m) reduce the retarda-
tions of each other in the thickness direction. The viewing
angle characteristics of the circular polarizers are therefore
enhanced, and the viewing angle characteristics of the liquid
crystal display device are enhanced. Since both circular
polarizers use two or more in-plane retardation plates, the
bandwidth of the circular polarizers can also be increased.
[0044] The in-plane retardation plates may be A/4 plates or
M2 plates in the abovementioned liquid crystal display
device. Such a liquid crystal display device enables the use of
M4 plates and A/2 plates that are widely circulated in the
current market for the circular polarizers in the liquid crystal
display device, and cost can be lowered relative to developing
all new components.

[0045] A configuration may be adopted in the abovemen-
tioned liquid crystal display device wherein the circular
polarizers provided to a display surface have an in-plane
retardation plate in which Rth>0, and an in-plane retardation
plate in which Rth<0. In such a liquid crystal display device,
since an in-plane retardation plate in which Rth>0 and an
in-plane retardation plate in which Rth<0 reduce the thick-
ness-direction retardation of each other in the circular polar-
izer on the display surface side, the viewing angle character-
istics of the circular polarizer are enhanced, and the viewing
angle characteristics of the reflective display region of the
liquid crystal display device are also enhanced.

[0046] A configuration may be adopted in which the wave-
length dependency of in-plane birefringence of the in-plane
retardation plates in the abovementioned liquid crystal dis-
play device decreases in monotone fashion with respect to an
increase in wavelength. A configuration may also be adopted
in which the wavelength dependency of in-plane birefrin-
gence of the in-plane retardation plates increases in monotone
fashion with respect to an increase in wavelength. In such a
liquid crystal display device, the wavelength dispersion char-
acteristics of the in-plane retardations can be compensated for
between Rth1(m) and Rth2(m) of the circular polarizers pro-
vided to both sides of the liquid crystal cell, and the decrease
in contrast ratio of the transmissive display region caused by
the use of circular polarizers is suppressed.

[0047] Intheabovementioned liquid crystal display device,
the sum of Rth of the in-plane retardation plates that consti-
tute the circular polarizer in between the two polarizers is
preferably 0. In such a liquid crystal display device, the thick-
ness-direction retardation that causes modulation of circu-
larly polarized light during angled viewing is compensated
for and reduced substantially to zero by the Rth of the films,
and the viewing angle characteristics are thereby enhanced.
[0048] A configuration is preferably adopted in the above-
mentioned liquid crystal display device wherein the polarizer
has a protective film on the in-plane retardation plates, and the
sum of Rth of the in-plane retardation plates that constitute
the circular polarizer in between two of the polarizers, and a
retardation in a thickness direction of the protective film is 0.
Polarizers often have a structure in which a polarizing layer is
sandwiched between protective films. For example, triacetyl
cellulose (TAC) is often used in the protective film, but TAC
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has a retardation in the thickness direction, although the value
of'the retardation is small. In the liquid crystal display device
of'the present invention, the viewing angle characteristics are
enhanced by making the sum of the Rth of the films zero,
including the Rth of the protective film.

[0049] A configuration may be adopted in the abovemen-
tioned liquid crystal display device wherein at least one of the
circular polarizers has an in-plane retardation plate besides
the in-plane retardation plates that is disposed between the
polarizer and the in-plane retardation plates so that a slow axis
of the other in-plane retardation plate is perpendicular or
parallel to an absorption axis of the polarizer. In such a liquid
crystal display device, the viewing angle characteristics of the
linear polarizer are enhanced, and the viewing angle charac-
teristics of the liquid crystal display device are also further
enhanced.

[0050] The abovementioned liquid crystal display device is
preferably configured so that the sum of the retardation
between two of the polarizers in a thickness direction of the
constituent members is 0 during black display in the liquid
crystal display device. In such a liquid crystal display device,
the sum of the retardation in the thickness direction of the
liquid crystal layer and the Rth of the in-plane retardation
plates, the protective films, and other components is substan-
tially zero during black display in the liquid crystal display
device, and the viewing angle characteristics of the liquid
crystal display device are thereby enhanced.

[0051] A configuration may be adopted in the abovemen-
tioned liquid crystal display device wherein a liquid crystal
layer compensating plate for optically compensating for the
liquid crystal layer is disposed between the circular polarizer
and the liquid crystal cell. In such a liquid crystal display
device, since the optical anisotropy of the liquid crystal layer
is compensated for by the liquid crystal layer compensating
plate, the contrast ratio and the viewing angle characteristics
of'the liquid crystal display device are enhanced.

[0052] Intheabovementioned liquid crystal display device,
the liquid crystal layer may be a liquid crystal layer that is
vertically aligned during black display. In such a liquid crys-
tal display device, the contrast ratio and the viewing angle
characteristics of the liquid crystal display device are
enhanced through the use of vertical-alignment-mode liquid
crystals having excellent contrast ratio and viewing angle
characteristics.

[0053] Inthe abovementioned liquid crystal display device
having a liquid crystal compensating plate, a configuration
may be adopted wherein the liquid crystal cell has a reflective
display region and a transmissive display region, the liquid
crystal layer has a retardation in an in-plane direction parallel
to a display surface, and at least the liquid crystal layer of the
transmissive display region is driven by a lateral field. In such
aliquid crystal display device, providing a liquid crystal layer
compensating plate for cancelling out the in-plane retardation
in the display plane of the liquid crystal layer in a lateral-field-
driven semi-transmissive liquid crystal display device makes
it possible to provide a liquid crystal display device that is
capable of a suitable display even when a circular polarizer is
used. Specifically, even when a circular polarizer is used in a
lateral-field-driven semi-transmissive liquid crystal display
device, the transmissive display region and the reflective dis-
play region can be matched with each other in a normally
black mode. Since the liquid crystal layer is driven by a lateral
field, excellent viewing angle characteristics can be provided,
and since the compensating plate acts to cancel out the refrac-
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tive index anisotropy of the liquid crystal layer, it is possible
to prevent adverse effects on the viewing angle performance
that are caused by refractive index anisotropy.

[0054] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein one each of the liquid
crystal layer compensating plate is provided between the
liquid crystal layer and the two circular polarizers, one liquid
crystal layer compensating plate of two of the liquid crystal
layer compensating plates reduces a retardation in an in-plane
direction of the liquid crystal layer in the reflective display
region, and two of the liquid crystal layer compensating
plates reduce a retardation in an in-plane direction of the
liquid crystal layer in the transmissive display region. This
configuration makes it possible to compensate for the in-
plane retardation in both the reflective display region and the
transmissive display region, and to provide a lateral-field-
driven liquid crystal display device having excellent display
quality.

[0055] A configuration may be adopted in which one liquid
crystal layer compensating plate of two of the liquid crystal
layer compensating plates reduces a retardation in a thickness
direction of the liquid crystal layer in the reflective display
region, and two of the liquid crystal layer compensating
plates reduce a retardation in a thickness direction of the
liquid crystal layer in the transmissive display region. Since
this configuration makes it possible to compensate for the
thickness-direction retardation in both the reflective display
region and the transmissive display region, a lateral-field-
driven liquid crystal display device having enhanced viewing
angle characteristics can be provided.

[0056] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein the liquid crystal
layer compensating plate is provided only between the liquid
crystal layer and one of the two circular polarizers, and the
single liquid crystal layer compensating plate reduces a retar-
dation in an in-plane direction of the liquid crystal layer in the
reflective display region, and a retardation in an in-plane
direction of the liquid crystal layer in the transmissive display
region. The number of liquid crystal layer compensating
plates used can thereby be reduced, and cost can be reduced.
[0057] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein the liquid crystal
layer compensating plate reduces a retardation in a thickness
direction of the liquid crystal layer in the reflective display
region, and a retardation in a thickness direction of the liquid
crystal layer in the transmissive display region. Since adopt-
ing such a configuration makes it possible to compensate for
the retardation in the thickness direction for both the reflec-
tive display region and the transmissive display region, a
lateral-field-driven liquid crystal display device having
enhanced viewing angle characteristics can be provided.
[0058] In a preferred configuration of the abovementioned
liquid crystal display device, the liquid crystal layer compen-
sating plate has a retardation in an in-plane direction, and the
retardation in the thickness direction is negative. The in-plane
retardation and the thickness-direction retardation of the lig-
uid crystal layers of the reflective display region and the
transmissive display region can thereby be effectively
negated.

[0059] Intheabovementioned liquid crystal display device,
the liquid crystal layer compensating plate may be set to a
value so as to cancel out and render isotropic the retardation
in the in-plane direction of the liquid crystal layer in the
transmissive display region. The performance of the trans-
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missive display can thereby be increased, since the perfor-
mance desired in a transmissive display is generally higher
than in a reflective display.

[0060] Intheabovementioned liquid crystal display device,
the liquid crystal layer compensating plate may be set to a
value so as to cancel out and render isotropic the retardation
in the in-plane direction of the liquid crystal layer in the
reflective display region. The performance of the reflective
display can thereby be increased.

[0061] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein the wavelength
dependency of in-plane birefringence of the liquid crystal
layer compensating plate increases in monotone fashion with
respect to an increase in wavelength. The wavelength depen-
dency of in-plane birefringence of a liquid crystal layer often
increases in monotone fashion with respect to an increase in
wavelength. Accordingly, when a configuration is adopted in
which the wavelength dependency of the in-plane birefrin-
gence of the liquid crystal layer compensating plate increases
in monotone fashion with respect to an increase in wave-
length, there is not often a significant difference in the wave-
length dependency of birefringence between the liquid crys-
tal layer and the liquid crystal layer compensating plate, the
in-plane retardation of the liquid crystal layer in a broad band
of visible light can be effectively reduced, and contrast ratio
can be enhanced.

[0062] The terminal device according to the present inven-
tion has the abovementioned liquid crystal display device
mounted therein.

[0063] The liquid crystal display device according to the
present invention has a reflective display region and a trans-
missive display region; and the liquid crystal display device
comprises a circular polarizer having a polarizer and an in-
plane retardation plate that has a positive retardation in an
in-plane direction and a positive retardation in a thickness
direction, and is disposed towards the liquid crystal layer with
respect to the polarizer; and a circular polarizer having a
polarizer and an in-plane retardation plate that has a positive
retardation in an in-plane direction and a negative retardation
in a thickness direction, and is disposed towards the liquid
crystal layer with respect to the polarizer; wherein the circular
polarizers sandwich the liquid crystal layer, the liquid crystal
layer of the liquid crystal display device has a retardation in
an in-plane direction in a plane parallel to a display surface,
and the liquid crystal layer of at least the transmissive display
region is driven by a lateral field; and a liquid crystal layer
compensating plate is provided between said liquid crystal
layer and at least one of said two circular polarizers, and the
liquid crystal layer compensating plate reduces a retardation
in an in-plane direction of the liquid crystal layer.

[0064] In the present invention, the in-plane retardation
plates reduce the thickness-direction retardation of each
other, whereby the viewing angle characteristics are
enhanced in a lateral-field-driven semi-transmissive liquid
crystal display device. Furthermore, providing a liquid crystal
layer compensating plate for cancelling out the in-plane retar-
dation in the display plane of the liquid crystal layer in a
lateral-field-driven semi-transmissive liquid crystal display
device makes it possible to provide a liquid crystal display
device that is capable of a suitable display even when a
circular polarizer is used. Specifically, even when a circular
polarizer is used in a lateral-field-driven semi-transmissive
liquid crystal display device, the transmissive display region
and the reflective display region can be matched with each
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other in a normally black mode. Since the liquid crystal layer
is driven by a lateral field, excellent viewing angle character-
istics can be provided, and since the compensating plate acts
to cancel out the refractive index anisotropy of the liquid
crystal layer, it is possible to prevent adverse effects on the
viewing angle performance that are caused by refractive
index anisotropy.

[0065] The liquid crystal display device according to the
present invention has a reflective display region and a trans-
missive display region; and the liquid crystal display device
comprises two circular polarizers composed solely of a polar-
izer and an in-plane retardation plate that has a positive retar-
dation in an in-plane direction and a retardation of zero in a
thickness direction, and is disposed towards the liquid crystal
layer with respect to the polarizer; wherein the circular polar-
izers sandwich the liquid crystal layer, the liquid crystal layer
of the liquid crystal display device has a retardation in an
in-plane direction in a plane parallel to a display surface, and
the liquid crystal layer of at least the transmissive display
region is driven by a lateral field; and a liquid crystal layer
compensating plate is provided between the liquid crystal
layer and at least one of the circular polarizers, wherein the
liquid crystal layer compensating plate reduces a retardation
in an in-plane direction of the liquid crystal layer.

[0066] In the present invention, an increase in the thick-
ness-direction retardation of the circular polarizer is sup-
pressed through the use of a circular polarizer that has at least
one in-plane retardation plate whose Rth is substantially zero,
and the viewing angle characteristics are thereby enhanced in
the lateral-field-driven semi-transmissive liquid crystal dis-
play device.

[0067] The in-plane retardation plates may be A/4 plates or
M2 plates. Such a liquid crystal display device enables the use
of A/4 plates and A/2 plates that are widely circulated in the
current market for the circular polarizers in the liquid crystal
display device, and cost can be lowered relative to developing
all new components.

[0068] In the liquid crystal display device, a configuration
may be adopted wherein the wavelength dependency of in-
plane birefringence of the in-plane retardation plates
decreases in monotone fashion with respect to an increase in
wavelength. A configuration may also be adopted in the liquid
crystal display device wherein the wavelength dependency of
in-plane birefringence of the in-plane retardation plates
increases in monotone fashion with respect to an increase in
wavelength. In such a liquid crystal display device, the wave-
length dispersion characteristics of the in-plane retardations
can be compensated for between the in-plane retardation
plates of the circular polarizers provided to both sides of the
liquid crystal layer, and the decrease in contrast ratio of the
transmissive display region caused by the use of circular
polarizers is suppressed.

[0069] A configuration may be adopted wherein the above-
mentioned liquid crystal display device comprises another
in-plane retardation plate between the polarizer and the in-
plane retardation plates in at least one of the two circular
polarizers, wherein the other in-plane retardation plate is
disposed so that an absorption axis and a slow axis of the
polarizer are perpendicular or parallel to each other. In such a
liquid crystal display device, the viewing angle characteris-
tics of the linear polarizer are enhanced, and the viewing
angle characteristics of the liquid crystal display device are
further enhanced.
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[0070] Intheabovementioned liquid crystal display device,
aconfiguration may be adopted wherein one each of the liquid
crystal layer compensating plate is provided between the
liquid crystal layer and the two circular polarizers, one liquid
crystal layer compensating plate of two of the liquid crystal
layer compensating plates reduces a retardation in an in-plane
direction of the liquid crystal layer in the reflective display
region, and two of the liquid crystal layer compensating
plates reduce a retardation in an in-plane direction of the
liquid crystal layer in the transmissive display region. This
configuration makes it possible to compensate for the in-
plane retardation in both the reflective display region and the
transmissive display region, and to provide a lateral-field-
driven liquid crystal display device having excellent display
quality.

[0071] A configuration may be adopted in which one liquid
crystal layer compensating plate of two of the liquid crystal
layer compensating plates reduces a retardation in a thickness
direction of the liquid crystal layer in the reflective display
region, and two of the liquid crystal layer compensating
plates reduce a retardation in a thickness direction of the
liquid crystal layer in the transmissive display region. This
configuration makes it possible to compensate for the thick-
ness-direction retardation in both the reflective display region
and the transmissive display region, and to provide a lateral-
field-driven liquid crystal display device having enhanced
viewing angle characteristics.

[0072] A configuration may be adopted in which the liquid
crystal layer compensating plate is provided only between the
liquid crystal layer and one of the two circular polarizers, and
the single liquid crystal layer compensating plate reduces a
retardation in an in-plane direction of the liquid crystal layer
in the reflective display region, and a retardation in an in-
plane direction of the liquid crystal layer in the transmissive
display region. The number of liquid crystal layer compen-
sating plates used can thereby be reduced, and cost can be
reduced.

[0073] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein the liquid crystal
layer compensating plate reduces a retardation in a thickness
direction of the liquid crystal layer in the reflective display
region, and a retardation in a thickness direction of the liquid
crystal layer in the transmissive display region. Since the
thickness-direction retardation can thereby be compensated
for in both the reflective display region and the transmissive
display region, a lateral-field-driven liquid crystal display
device having enhanced viewing angle characteristics can be
provided.

[0074] In a preferred configuration of the abovementioned
liquid crystal display device, the liquid crystal layer compen-
sating plate has a retardation in an in-plane direction, and the
retardation in the thickness direction is negative. The in-plane
retardation and the thickness-direction retardation of the lig-
uid crystal layers of the reflective display region and the
transmissive display region can thereby be effectively
negated.

[0075] Intheabovementioned liquid crystal display device,
the liquid crystal layer compensating plate is preferably set to
avalue so as to cancel out and render isotropic the retardation
in the in-plane direction of the liquid crystal layer in the
transmissive display region. The performance of the trans-
missive display can thereby be increased, since the perfor-
mance desired in a transmissive display is generally higher
than in a reflective display.
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[0076] Intheabovementioned liquid crystal display device,
the liquid crystal layer compensating plate is preferably set to
a value so as to cancel out and render isotropic the retardation
in the in-plane direction of the liquid crystal layer in the
reflective display region. The performance of the reflective
display can thereby be increased.

[0077] Intheabovementioned liquid crystal display device,
a configuration may be adopted wherein the wavelength
dependency of in-plane birefringence of the liquid crystal
layer compensating plate increases in monotone fashion with
respect to an increase in wavelength.

[0078] The terminal device according to the present inven-
tion has the abovementioned liquid crystal display device
mounted therein.

[0079] According to the present invention, the retardations
in the thickness direction of the retardation plates can be
reduced in the in-plane retardation plates that constitute the
circular polarizers, the effects of misalignment of the retar-
dations during viewing at an angle can be reduced, and it is
possible to provide a circular polarizer having excellent view-
ing angle characteristics, and a liquid crystal display device
and terminal device that use the circular polarizer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] FIG. 1 is a sectional view showing the vertical-
alignment-mode semi-transmissive liquid crystal panel used
in the first conventional liquid crystal display device
described in AsiaDisplay/IDWO1, p. 134;

[0081] FIG. 2 is a schematic sectional view showing the
vertical-alignment-mode semi-transmissive liquid crystal
panel used in the second conventional liquid crystal display
device described in Japanese Laid-open Patent Application
No. 2000-035570;

[0082] FIG.3isadiagram showinga schematic perspective
view of the structure of the liquid crystal display device
according to Embodiment 1, and a diagram showing the
structure of the circular polarizer of the present invention;
[0083] FIG. 4 is a front view showing the angles at which
the retardation plates and the polarizer are disposed;

[0084] FIG. 5 is a sectional view showing the structure of
the liquid crystal display device according to Embodiment 1;
[0085] FIG. 6 is a diagram showing the positional relation-
ship between the XYZ coordinate system and the comb elec-
trode in the liquid crystal display device according to
Embodiment 1;

[0086] FIG. 7 is a schematic diagram showing the optical
operations that occur when a voltage is not applied between
the pixel electrodes and the common electrodes in the liquid
crystal display device according to Embodiment 1;

[0087] FIG. 8 is a schematic diagram showing the optical
operations that occur when a voltage is applied between the
pixel electrodes and the common electrodes in the liquid
crystal display device according to Embodiment 1;

[0088] FIG. 9 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 1;

[0089] FIG. 10 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 1;

[0090] FIG. 11 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
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the transmissive display region of the liquid crystal display
device according to Comparative Structure Example 1;
[0091] FIG. 12 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Comparative Structure Example 1;
[0092] FIG. 13 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Comparative Structure Example 2;
[0093] FIG. 14 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Comparative Structure Example 2;
[0094] FIG. 15 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 10;

[0095] FIG. 16 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 10;

[0096] FIG. 17 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 11;

[0097] FIG. 18 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 11;

[0098] FIG. 19 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 12;

[0099] FIG. 20 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 12;

[0100] FIG. 21 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Comparative Structure Example 3;
[0101] FIG. 22 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Comparative Structure Example 3;
[0102] FIG. 23 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 15;

[0103] FIG. 24 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 15;

[0104] FIG. 25 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 16;

[0105] FIG. 26 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 16;

[0106] FIG. 27 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
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the transmissive display region of the liquid crystal display
device according to Comparative Structure Example 4;
[0107] FIG. 28 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Comparative Structure Example 4;
[0108] FIG. 29 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 17;

[0109] FIG. 30 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 17;

[0110] FIG. 31 is an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Comparative Structure Example 5;
[0111] FIG. 32 is a an equal contrast ratio diagram showing
the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Comparative Structure Example 5;
[0112] FIG. 33 is a perspective view showing the terminal
device in which the liquid crystal display device according to
Embodiment 8 is mounted;

[0113] FIG. 34 is a perspective view showing the structure
of the liquid crystal display device according to Comparative
Structure Example 1;

[0114] FIG. 35 is a perspective view showing the structure
of'the liquid crystal display device according to Comparative
Structure Example 2;

[0115] FIG. 36 is a perspective view showing the structure
oftheliquid crystal display device according to Typical Struc-
ture Examples 2 through 9;

[0116] FIG. 37 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Embodiment 2, and a diagram showing the
structure of the circular polarizer of the present invention;
[0117] FIG. 38 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Embodiment 3, and a diagram showing the
structure of the circular polarizer of the present invention;
[0118] FIG. 39 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Embodiment 4, and a diagram showing the
structure of the circular polarizer of the present invention;
[0119] FIG. 40 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Comparative Structure Example 3, and a dia-
gram showing the structure of the circular polarizer of the
present invention;

[0120] FIG. 41 is a perspective view showing the structure
ofthe liquid crystal display device according to Typical Struc-
ture Examples 13 and 14;

[0121] FIG. 42 is a perspective view showing the structure
ofthe liquid crystal display device according to Typical Struc-
ture Example 15;

[0122] FIG. 43 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Embodiment 6, and a diagram showing the
structure of the circular polarizer of the present invention;
[0123] FIG. 44 is a perspective view showing the structure
of'the liquid crystal display device according to Comparative
Structure Example 4;
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[0124] FIG. 45 is a diagram showing a schematic perspec-
tive view of the structure of the liquid crystal display device
according to Embodiment 7, and a diagram showing the
structure of the circular polarizer of the present invention; and
[0125] FIG. 46 is a perspective view showing the structure
of the liquid crystal display device according to Comparative
Structure Example 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0126] Embodiments of the present invention will be
described in detail hereinafter with reference to the accom-
panying drawings. FIG. 3 is a diagram showing a schematic
perspective view of the structure of the liquid crystal display
device according to Embodiment 1, and a diagram showing
the structure of the circular polarizer of the present invention.
FIG. 5 is also a sectional view showing the structure of the
liquid crystal display device according to Embodiment 1.
[0127] Inthe liquid crystal display device 47 according to
Embodiment 1 as shown in FIG. 5, an upper substrate 48a and
a lower substrate 485 are disposed so as to face each other
across a minute gap, and a liquid crystal layer 51 is held in the
gap. Two types of electrodes that include pixel electrodes 49a
and common electrodes 4956 are formed on the surface of the
lower substrate 486 that faces the upper substrate 48a. These
two types of electrodes are formed in a comb shape, and the
pixel electrodes 49a and the common electrodes 496 are
arranged so as to alternate in the direction (Y direction)
orthogonal to the longitudinal direction of the comb. These
electrodes are formed from ITO (Indium Tin Oxide) or
another transparent conductor. A reflector 53 and an insula-
tion layer 54 are provided between the electrodes and the
lower substrate 485 in part of the region in which the pixel
electrodes 494 and the common electrodes 495 are formed.
When the liquid crystal display device 47 is viewed from the
display side, the portion in which the reflector 53 is provided
acts as a reflective display region 474, and the other portion
acts as a transmissive display region 47b. A reflective display
region 47a and a transmissive display region 475 are thus
formed in a single pixel, and the liquid crystal display device
47 is composed of numerous pixels arranged in a matrix. The
thickness of the liquid crystal layer 51 in the reflective display
region 47a is half the thickness of the liquid crystal layer in
the transmissive display region 475, due to the presence of the
insulation layer 54.

[0128] An upper liquid crystal layer compensating plate
52a is provided to the surface of the upper substrate 48a
opposite the lower substrate 485, and an upper circular polar-
izer 50q is furthermore provided on the surface of the upper
liquid crystal layer compensating plate 52a. In the same man-
ner, a lower liquid crystal layer compensating plate 524 is
provided to the surface of the lower substrate 485 opposite the
upper substrate 48a, and a lower circular polarizer 5056 is
furthermore provided on the surface of the lower liquid crys-
tal layer compensating plate 525. A backlight 55 that acts as
a light source for transmissive display is also provided under
the lower circular polarizer 505. In the present specification,
the portion other than the backlight in the liquid crystal dis-
play device is referred to as the liquid crystal panel. The
assembly of the liquid crystal layer and the upper and lower
substrates that sandwich the liquid crystal layer is referred to
as the liquid crystal cell.

[0129] An XYZ orthogonal coordinate system is set up as
described below for convenience in the present specification.
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The direction from the liquid crystal layer 51 to the polarizer
50a is the +Z direction, and the opposite direction is the —Z
direction. The +Z direction and the —-Z direction are collec-
tively referred to as the Z-axis direction. The horizontal direc-
tion of FIG. 3 is the Y-axis direction, wherein the direction to
the right is the +Y direction, and the opposite direction is the
-Y direction. The +X direction is the direction in which a
right-handed coordinate system is established. Specifically,
when the person’s right thumb is in the +X direction, and the
index finger is in the +Y direction, the middle finger is in the
+7 direction.

[0130] When the XYZ orthogonal coordinate system is set
up as described above, the direction in which the pixel elec-
trodes 49a and the common electrodes 495 are arranged in
alternating fashion is the Y-axis direction. The direction in
which the pixel electrodes 49a or the common electrodes 495
extend, i.e., the longitudinal direction of the comb-shaped
electrodes, is the X-axis direction (which is tilted 15 degrees
according to the definition given hereinafter). The display
surface of the liquid crystal display device 47 is the XY plane.
Furthermore, as for the structure in the Z-axis direction, the
backlight 55, the lower circular polarizer 505, the lower liquid
crystal layer compensating plate 525, the lower substrate 485,
the liquid crystal layer 51, the upper substrate 48a, the upper
liquid crystal layer compensating plate 52a, and the upper
circular polarizer 50a are arranged in this sequence from the
—Z direction to the +Z direction.

[0131] The upper circular polarizer 50a and the lower cir-
cular polarizer 505 are in a circular polarizer assembly
whereby the rotation directions of circularly polarized light
are opposite each other. For example, when the upper circular
polarizer 50a forms clockwise circularly polarized light from
light that enters from the -Z direction, the lower circular
polarizer 505 forms counterclockwise circularly polarized
light from light that enters from the +Z direction.

[0132] The liquid crystal layer 51 includes positive liquid
crystal molecules having positive dielectric anisotropy, for
example, and a common orientation treatment is used to
obtain a parallel orientation so that the longitudinal direction
ofthe liquid crystal molecules are substantially within the XY
plane in an initial state in which a voltage is not applied across
the pixel electrodes 49a and the common electrodes 495. For
convenience in the present invention, the longitudinal direc-
tion of the liquid crystal molecules is parallel to the X-axis,
and the longitudinal direction of the comb-shaped electrodes
is set so as to berotated +15 degrees from the X-axis in the XY
plane, as shown in FIG. 6. The counterclockwise direction is
positive.

[0133] Thein-plane retardation Re and the thickness-direc-
tion phase different Rth are defined by the following equa-
tions:

Re=(nx-ny)xd [Equation 3]

Rith=((nx+ny)/2-nz)xd [Equation 4]

(wherein nx is the refractive index in the direction in which
the maximum refractive index occurs in a retardation plate; ny
is the refractive index in the in-plane direction orthogonal to
the direction in which the maximum refractive index occurs;
nz is a refractive index in the thickness direction; and d is the
thickness).
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[0134] A retardation plate that has a retardation in an in-
plane direction is referred to as an in-plane retardation plate.
The Nz coefficient is defined by the equation below.

Nz=(nx-nz)/(nx-ny) [Equation 5]

When nx=ny, Nz cannot be defined, but the equation below is
established when nx=ny.

Rth=Re/2x(2xNz-1) [Equation 6]

The axis that is parallel to the direction of the maximum
refractive index in the plane of the film used to form the
in-plane retardation plate is referred to as the slow axis. The
in-plane retardation plates in the present invention have a Re
less than zero.

[0135] The upper liquid crystal layer compensating plate
52a is a compensating plate provided in order to cancel out an
render optically isotropic the retardation in the thickness
direction and the in-plane retardation of the liquid crystal
layer 51 in the black display state of the reflective display
region 47a, and an in-plane retardation plate in which Nz=0,
for example, is used.

[0136] Specifically, the upper liquid crystal layer compen-
sating plate 52a in Embodiment 1 has a value of the in-plane
retardation of the liquid crystal layer 51 in the black display
state of the reflective display region 474, and a value of the
retardation in the thickness direction having a difference ref-
erence numeral. The slow axis of the upper liquid crystal layer
compensating plate 524 and the longitudinal direction of the
liquid crystal molecules are arranged perpendicular to each
other. Specifically, the slow axis of the upper liquid crystal
layer compensating plate 52a is rotated 90 degrees in the XY
plane.

[0137] Inthe same manner as the upper liquid crystal layer
compensating plate 52a, an in-plane retardation plate in
which Nz=0, for example, is used for the lower liquid crystal
layer compensating plate 524, and the slow axis thereof is
positioned perpendicular to the longitudinal direction of the
liquid crystal molecules of the liquid crystal layer 51 in the
transmissive display region 475. Specifically, the slow axis of
the lower liquid crystal layer compensating plate 5256 is
rotated 90 degrees in the XY plane. The values of the retar-
dations of the lower liquid crystal layer compensating plate
525 in the in-plane direction and the thickness direction are
set in accordance with the upper liquid crystal layer compen-
sating plate 52a so as to cancel out and render isotropic the
in-plane retardation and thickness-direction retardation of the
liquid crystal layer 51 of the transmissive display region 476
when a voltage is not applied to the pixel electrodes 49a and
the common electrodes 495. For example, when the thickness
of'the liquid crystal layer 51 in the transmissive display region
47b is set to twice the thickness of the liquid crystal layer 51
in the reflective display region 47a, since the birefringence of
the liquid crystal molecules is the same for the transmissive
display region 47b and the reflective display region 47a,
retardation films that have exactly the same characteristics are
used for the upper liquid crystal layer compensating plate 52a
and the lower liquid crystal layer compensating plate 525b.
The optical anisotropy in both the liquid crystal layer 51 of the
reflective display region 47a and the liquid crystal layer 51 of
the transmissive display region 475 is cancelled out and made
isotropic by the upper liquid crystal layer compensating plate
52a and the lower liquid crystal layer compensating plate 525.
[0138] FIG. 3 is a schematic perspective view showing the
structure of the liquid crystal display device based on the
structure of the liquid crystal display device in FIG. 5. The
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XYZ coordinate system is defined in the same manner as in
FIG. 5. In the transmissive display region of the liquid crystal
display device according to Embodiment 1 as shown in FIG.
3, an upper substrate not shown in the drawing and a lower
substrate are disposed so as to face each other across a minute
gap, and a liquid crystal layer 9a is held in the gap. The liquid
crystal layer is composed of two regions that include a trans-
missive part and a reflective part that has a reflector. In the
present liquid crystal display device, a polarizer 2, a /2 plate
5 in which Rth>0, a A/4 plate 6 in which Rth<0, a liquid
crystal layer compensating plate 8, a liquid crystal layer 9a, a
liquid crystal layer compensating plate 7, a A/4 plate 4 in
which Rth>0, a A/2 plate 3 in which Rth<O0, and a polarizer 1
are provided in sequence as viewed from the display side. In
the transmissive display region of Embodiment 1, the viewing
angle characteristics of the transmissive display are enhanced
by reducing the absolute value of the sum of the retardations
in the thickness direction between the A/2 plate 3 in which
Rth<0 and the A/2 plate 5 in which Rth>0, and between the
M4 plate 4 in which Rth>0 and the A/4 plate 6 in which Rth<0.
Although not shown in the drawing, a backlight used as the
light source for the transmissive display is provided under the
polarizer 1.

[0139] In the reflective display region of the liquid crystal
display device according to Embodiment 1 as shown in FIG.
3, an upper substrate not shown in the drawing and a lower
substrate are disposed so as to face each other across a minute
gap, and a liquid crystal layer 95 is held in the gap. In the
present liquid crystal display device, the polarizer 2, the A/2
plate 5 in which Rth>0, the A/4 plate 6 in which Rth<0, the
liquid crystal layer compensating plate 8, the liquid crystal
layer 95, and a reflecting plate 10 are provided in sequence as
viewed from the display side. In such a configuration, the
viewing angle characteristics of the reflective display are
enhanced by reducing the absolute value of the sum ofthe Rth
between the A/2 plate 5 in which Rth>0 and the /4 plate 6 in
which Rth<0.

[0140] The following description is of the operation of the
liquid crystal display device according to Embodiment 1 thus
configured, i.e., the optical modulation operation of the liquid
crystal display device according to the present embodiment.
FIG. 7 is a schematic diagram showing the optical operations
that occur when a voltage is not applied between the pixel
electrodes and the common electrodes in the liquid crystal
display device according to the present embodiment; and
FIG. 8 is a schematic diagram showing the optical operations
that occur when a voltage is applied between the pixel elec-
trodes and the common electrodes.

[0141] As shownin FIG. 7, when a voltage is not applied to
the pixel electrodes 49a and the common electrodes 495,
external light that enters the upper circular polarizer 50a in
the reflective display region 47a is emitted as clockwise cir-
cularly polarized light to the upper liquid crystal layer com-
pensating plate 52a. As previously mentioned, the retardation
in the display plane of the liquid crystal layer 51 of the
reflective display region 47a is cancelled out and made iso-
tropic by the upper liquid crystal layer compensating plate
52a when a voltage is not applied to the pixel electrodes 49a
and the common electrodes 495. Therefore, the light that
passes through the upper liquid crystal layer compensating
plate 52a and the liquid crystal layer 51 of the reflective
display region 474 maintains a state of clockwise circular
polarization. The light that then passes through the insulation
layer 54 and reaches the reflector 53 is converted to counter-

May 3, 2012

clockwise circularly polarized light upon being reflected by
the reflector 53, and the light re-enters the insulation layer 54,
the liquid crystal layer 51, and the upper liquid crystal layer
compensating plate 52a of the reflective display region 47a.
In the same manner as in the approach route, the retardation in
the display plane of the liquid crystal layer 51 of the reflective
display region 47a is cancelled out and made isotropic by the
upper liquid crystal layer compensating plate 52a, and the
light emitted from the upper liquid crystal layer compensat-
ing plate 52a maintains a state of counterclockwise circular
polarization. This light enters the upper circular polarizer
50a, and although the upper circular polarizer 50a transmits
clockwise circularly polarized light, counterclockwise circu-
larly polarized light is absorbed. The light is therefore not
emitted from the upper circular polarizer 50a, and a black
display is created. Specifically, the reflective display region
47a is a black display when a voltage is not applied to the
pixel electrodes 494 and the common electrodes 495.

[0142] The following description is of the optical opera-
tions that occur in the transmissive display region 475 when a
voltage is not applied to the pixel electrodes 49a and the
common electrodes 495. The transmissive display light emit-
ted from the backlight 55 enters the lower circular polarizer
5054, and is emitted as counterclockwise circularly polarized
light. The light enters the lower liquid crystal layer compen-
sating plate 525, the liquid crystal layer 51 of the transmissive
display region 475, and the upper liquid crystal layer com-
pensating plate 52a in sequence. However, since the retarda-
tion in the display plane of the liquid crystal layer 51 of the
transmissive display region 475 is cancelled out and made
isotropic by the lower circular polarizer 505 and the upper
circular polarizer 50q, the light enters the upper circular
polarizer 50a unmodified in a state of counterclockwise cir-
cular polarization. The upper circular polarizer 50qa transmits
clockwise circularly polarized light, but absorbs counter-
clockwise circularly polarized light. The light is therefore not
emitted from the upper circular polarizer 50a, and a black
display is created. Specifically, in the same manner as in the
reflective display region 474, the transmissive display region
47b is a black display when a voltage is not applied to the
pixel electrodes 494 and the common electrodes 4954.

[0143] The following description is of the optical opera-
tions that occur in the present liquid crystal display device
when a voltage is applied to the pixel electrodes and the
common electrodes. As shown in FIG. 8, when a voltage is
applied to the pixel electrodes 49a and the common elec-
trodes 495, an orientation change occurs in the liquid crystal
layer 51 in the transmissive display region 475 and the reflec-
tive display region 47a, and the refractive index anisotropy
therefore changes. In the reflective display region 47a, exter-
nal light that is converted to clockwise circularly polarized
light and emitted from the upper circular polarizer 50a enters
the upper liquid crystal layer compensating plate 52a and the
liquid crystal layer 51 of the reflective display region 47a.
However, since the refractive index anisotropy of the liquid
crystal layer 51 is changed by the voltage as previously men-
tioned, the polarization state of the clockwise circularly
polarized light changes.

[0144] The amount of this change varies according to the
applied voltage and the thickness of the liquid crystal layer,
but a case is described in the present embodiment in which
there is a one-quarter wavelength rotation, and the light is
converted to linearly polarized light. The linearly polarized
light reaches the reflector 53, but since the reflector 53 has no
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effect that changes the state of the linearly polarized light, the
light is emitted as linearly polarized light without modifica-
tion, and the light re-enters the liquid crystal layer 51 of the
reflective display region 47a, and the upper liquid crystal
layer compensating plate 52a. In the same manner as in the
approach route, since the liquid crystal layer 51 of the reflec-
tive display region 47a and the upper liquid crystal layer
compensating plate 52a act as a A/4 plate, the linearly polar-
ized light is converted to clockwise circularly polarized light,
and enters the upper circular polarizer 50a. As previously
described, the upper circular polarizer 50a transmits clock-
wise circularly polarized light, and the light is therefore emit-
ted to create a white display. Specifically, the reflective dis-
play region is a white display when a voltage is applied to the
pixel electrodes 494 and the common electrodes 494.

[0145] The following description is of the optical opera-
tions that occur in the transmissive display region 475 when a
voltage is applied to the pixel electrodes 494 and the common
electrodes 495. The transmissive display light emitted from
the backlight 55 enters the lower circular polarizer 504, and is
emitted as counterclockwise circularly polarized light. The
light then enters the lower liquid crystal layer compensating
plate 525, the liquid crystal layer 51 of the transmissive dis-
play region 475, and the upper liquid crystal layer compen-
sating plate 52a in sequence, but since the refractive index
anisotropy of the liquid crystal layer 51 is changed by the
voltage as previously described, the polarization state of the
counterclockwise circularly polarized light changes. The
amount of this change varies according to the applied voltage
and the thickness of the liquid crystal layer, but a case is
described in the present embodiment in which there is a
one-half wavelength rotation, and the light is converted to
clockwise circularly polarized light. The clockwise circularly
polarized light that enters the upper circular polarizer 50a
passes through the upper circular polarizer 50a, and a white
display is created. Specifically, as in the reflective display
region 47a, the transmissive display region 475 is a white
display when a voltage is applied to the pixel electrodes 49a
and the common electrodes 495.

[0146] A normally black-mode semi-transmissive liquid
crystal display device is thus created in which the transmis-
sive display region and the reflective display region are both
driven by a lateral field.

[0147] The effects of the present embodiment will next be
described. According to the present embodiment, the retarda-
tions in the thickness direction of the in-plane retardation
plates that constitute the circular polarizers are reduced by the
in-plane retardation plates that constitute the circular polar-
izers, the effects of the retardations during angled viewing are
reduced, and the viewing angle characteristics are enhanced.
A circular polarizer having excellent viewing angle charac-
teristics can therefore be provided, and the viewing angle
characteristics are also enhanced in a liquid crystal display
device and a terminal device that use such a circular polarizer
of the present embodiment. The retardation in the thickness
direction can also be reduced by the in-plane retardation
plates that constitute the circular polarizer, there is no need to
add an additional retardation plate that has a retardation in the
thickness direction, the number of films can be reduced, the
thickness of the circular polarizer and the liquid crystal dis-
play device can be reduced, and the cost can be reduced.
[0148] Inthe present embodiment, the transmissive display
region is composed of the polarizer 2, the A/2 plate 5 in which
Rth>0, the A./4 plate 6 in which Rth<O0, the liquid crystal layer
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compensating plate 8, the liquid crystal layer 9a, the liquid
crystal layer compensating plate 7, the A/4 plate 4 in which
Rth>0, the A/2 plate 3 in which Rth<0, and the polarizer 1
arranged in sequence. However, in such a configuration for
reducing the absolute value of the sum of the Rth between at
least the A/2 plate 3 and the A/2 plate 5, or the A/4 plate 4 and
the A/4 plate 6, any of the in-plane retardation plates may be
designed so that Rth<0, Rth>0, or Rth=0. However, the abso-
lute value of the Rth is preferably reduced for both the A/2
plates and the A/4 plates. In the same manner, the reflective
display region in Embodiment 1 is configured so that the
absolute value of the sum of the Rth is reduced between the
A2 plate 5 in which Rth>0 and the A/4 plate 6 in which Rth<0,
but the viewing angle characteristics of the transmissive dis-
play region can be enhanced even in a configuration in which
this absolute value is not reduced.

[0149] In the present embodiment, a A/2 plate and a A/4
plate are used as in-plane retardation plates, but a configura-
tion that includes two or more of any type of in-plane retar-
dation plate is possible insofar as a broadband circular polar-
izer can be created by layering with a polarizer, as described
particularly in Japanese Laid-open Patent Application No.
2000-35570. However, since the effectiveness of an in-plane
retardation plate is minimal when the in-plane retardation is
less than 30 nm, numerous in-plane retardation plates are
necessary. An in-plane retardation of 30 nm or more is there-
fore preferred in terms of cost and reducing the thickness of
the circular polarizer.

[0150] Inthe present embodiment, the nx and ny of the A/2
plate 3 in which Rth<0 and the A/2 plate 5 in which Rth>0 are
constant and independent of wavelength, and each in-plane
retardation is also constant and independent of wavelength.
Consequently, setting the difference in the arrangement angle
of'the A/2 plate 3 in which Rth<0 and the A/2 plate 5 in which
Rth>0 to 90 enables mutual compensation of the wavelength
dispersion characteristics of the in-plane retardations, and
high contrast ratio is obtained in the transmissive display
region.

[0151] However, when the in-plane retardation of the A/2
plate 3 in which Rth<0 increases the shorter the wavelength,
and the in-plane retardation of the A/2 plate 5 in which Rth>0
decreases the shorter the wavelength, for example, the differ-
ence of the in-plane retardations increases on the short-wave-
length side and the long-wavelength side, and it becomes
difficult to compensate for the wavelength dispersion charac-
teristics of the in-plane retardations in the entire visible light
region. Accordingly, the difference between the in-plane
retardation of the A/2 plate 3 in which Rth<0 and the in-plane
retardation of the A/2 plate 5 in which Rth>0 is preferably
small and independent of wavelength. Such a configuration is
easily implemented when the wavelength dependency of in-
plane birefringence decreases in monotone fashion with
respect to both wavelengths for the A/2 plate 3 in which Rth<0
and the A/2 plate 5 in which Rth>0. Alternatively, the wave-
length dependency of in-plane birefringence may also
increase in monotone fashion with respect to both wave-
lengths for the A/2 plate 3 in which Rth<0 and the A/2 plate 5
in which Rth>0. The same applies in the case of the A/4 plate
4 in which Rth>0 and the A/4 plate 6 in which Rth<0.
[0152] Polarizers often have a structure in which a polariz-
ing layer is sandwiched between protective films. For
example, triacetyl cellulose (hereinafter referred to as TAC) is
often used in the protective film, but TAC has a retardation in
the thickness direction, although the value of the retardation
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is small. When the viewing angle characteristics are adversely
affected by the retardation in the thickness direction of the
TAC, the thickness-direction retardation of the TAC is pref-
erably taken into account in the same manner as the in-plane
retardation plates of the circular polarizer.

[0153] In the liquid crystal display device of the present
embodiment, the retardation in the display plane of the reflec-
tive display region 47a and the transmissive display region
47b is completely cancelled out by the upper liquid crystal
layer compensating plate 52a and the lower liquid crystal
layer compensating plate 525, but this configuration is not
limiting. Specifically, the extent to which the retardation is
compensated for is also related to manufacturing and design
problems, and the important point is that the retardation in the
display plane of the liquid crystal layer 51 is reduced using a
compensating plate, which is then combined with a circular
polarizer to create a lateral-field-driven semi-transmissive
liquid crystal display device. However, excellent perfor-
mance in terms of contrast ratio and viewing angle can be
obtained by cancelling out the retardation as completely as
possible.

[0154] Furthermore, a configuration is adopted in the
present embodiment wherein the thickness of the liquid crys-
tal layer 51 in the reflective display region 47a is half the
thickness of the liquid crystal layer 51 in the transmissive
display region 474, the upper liquid crystal layer compensat-
ing plate 52a cancels out and renders isotropic the retardation
in the display plane of the liquid crystal layer 51 in the
reflective display region 47a, and the lower liquid crystal
layer compensating plate 525 together with the upper liquid
crystal layer compensating plate 524 cancels out and renders
isotropic the retardation in the display plane of the liquid
crystal layer 51 in the transmissive display region 476. How-
ever, this configuration is not limiting, and difference thick-
ness conditions can be applied. It is important that the upper
liquid crystal layer compensating plate 52a cancel out the
retardation in the display plane of the liquid crystal layer 51 in
the reflective display region 474, and that the lower liquid
crystal layer compensating plate 525 together with the upper
liquid crystal layer compensating plate 52a cancel out the
refractive index anisotropy in the display plane of the liquid
crystal layer 51 in the transmissive display region 475. How-
ever, making the liquid crystal layer 51 in the reflective dis-
play region 474 half as thick as the liquid crystal layer 51 in
the transmissive display region 475 as in the present embodi-
ment enables the same compensating plate to be used for the
upper liquid crystal layer compensating plate 52a and the
lower liquid crystal layer compensating plate 525, and the
cost can therefore be reduced.

[0155] In order to prevent contrast reduction in the trans-
missive display, there is preferably a minimal difference
between the in-plane retardation of the liquid crystal layer
and the total value of the in-plane retardations of the upper
liquid crystal layer compensating plate 52a and the lower
liquid crystal layer compensating plate 524 in each wave-
length band of visible light. The reason for this is the same as
for compensating for the wavelength dependency by setting a
90 degree angle between the slow axes of the in-plane retar-
dation plates. However, since the wavelength dependency of
in-plane birefringence of the liquid crystal increases in mono-
tone fashion with respect to an increase in wavelength, a
configuration is preferably adopted so that the wavelength
dependency of in-plane birefringence in the liquid crystal
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layer compensating plates increases in monotone fashion
with respect to an increase in wavelength.

[0156] The upper liquid crystal layer compensating plate
524 and the lower liquid crystal layer compensating plate 525
were provided separately in the present embodiment, but
these components may also be provided as a single unit.

[0157] The longitudinal direction of the pixel electrodes
49a and the common electrodes 495 was described as being
rotated +15 degrees from the X-axis in the present embodi-
ment, but this configuration is not limiting. The longitudinal
direction of the pixel electrodes 49a and the common elec-
trodes 496 may be tilted at another angle with respect to the
X-axis direction, or the tilt angle may have a different value
according to coordinates on the X-axis to create a multi-
domain configuration. A multi-domain configuration enables
improved viewing angle characteristics particularly when a
voltage is applied.

[0158] The reflecting plate in the liquid crystal display
device of the present embodiment was described as function-
ing merely as a mirror, but minute surface irregularities may
also be provided to the reflecting plate. The reflection char-
acteristics with respect to external light can thereby be con-
trolled.

[0159] Theliquidcrystallayer was also described as having
different thicknesses in the reflective display region and the
transmissive display region in the liquid crystal display
device of the present embodiment, but this configuration
enables contrast ratio to be adjusted in the reflective display
and the transmissive display.

[0160] Furthermore, an FFS (Fringe Field Switching)
scheme, an AFFS (Advanced Fringe Field Switching)
scheme, or other scheme in the same form with a slightly
different structure/arrangement of electrodes may be appro-
priately used in the liquid crystal display device of the present
embodiment. The common electrodes or the pixel electrodes
may also serve as reflecting plates.

[0161] The liquid crystal molecules were described as hav-
ing positive dielectric anisotropy in the liquid crystal display
device of the present embodiment, but this configuration is
not limiting, and liquid crystal molecules having negative
dielectric anisotropy may also be used. However, since liquid
crystal molecules having negative dielectric anisotropy align
in the direction perpendicular to the field direction when a
voltage is applied, the initial orientation direction must be set
substantially parallel to the field direction. Specifically, the
initial orientation direction must be set to the +Y direction
that is rotated 90 degrees in the XY plane from the direction
of the previously described present embodiment. The posi-
tions of the upper liquid crystal layer compensating plate 52a
and the lower liquid crystal layer compensating plate 526
must also be accordingly rotated 90 degrees in the XY plane.

[0162] The present embodiment will next be described in
further detail by comparing typical structure examples and
comparative examples of the present embodiment. Table 1
shows the composition of the transmissive display region of
the liquid crystal display device according to Typical Struc-
ture Example 1. The values of Re and Rth in Table 1 are values
for a wavelength of 550 nm. Table 2 shows the refractive
indices of the A/4 plate and the A/2 plate for which Nz=1.

[0163] AsshowninFIG.4A,the alignment angle 13a ofthe
retardation plate is the angle formed by the X-axis and the
slow axis 11 of the retardation plate. The counterclockwise
direction is defined as positive. In the same manner, the align-
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ment angle 135 of the polarizer as shown in FIG. 4B is the
angle formed by the X-axis and the absorption axis 12 of the
polarizer.

[0164] Higher contrast ratio is required in the transmissive
display than in the reflective display. The difference in the
alignment angles of the /2 plate 3 in which Rth<0 and the A/2
plate 5in which Rth>0 is therefore set to 90 degrees so that the
plates compensate for the wavelength dispersion characteris-
tics of the in-plane retardations of each other. At this time,
since the retardations at each wavelength of the A/2 plate 3 in
which Rth<0 and the A/2 plate 5 in which Rth>0 are substan-
tially the same, the wavelength dispersion characteristics of
the in-plane retardations can be compensated for. The differ-
ence of the alignment angles of the A/4 plate 4 in which Rth>0
and the A/4 plate 4 in which Rth<0 is set to 90 degrees in the
same manner.

[0165] Other parameters that are necessary for evaluating
the viewing angle characteristics will next be described. The
refractive index anisotropy An of the liquid crystal layer 9a of
the transmissive display region was 0.07125 (wherein the
wavelength is 550 nm), the thickness was 4.0 um, and the
wavelength dependency was such that the refractive index
anisotropy increased the shorter the wavelength, the same as
in common liquid crystals. In horizontally oriented liquid
crystals, Nz=1.0. The refractive indices of the A/2 plate 3 in
which Rth<0 and the A/2 plate 5 in which Rth>0 were based
on the refractive index of the A/2 plate in Table 2 in which
Nz=1; nx and ny were fixed at the values thereof when Nz=1,
and the nz for each Nz coefficient was calculated using the
abovementioned Equation 5 and used. The refractive indices
for wavelengths other than 400, 500, and 600 nm that are not
shown in Table 2 were in accordance with the Cauchy for-
mula. The refractive indices of the A/4 plate 4 in which Rth>0
and the A/4 plate 6 in which Rth<0 were also calculated in the
same manner.

[0166] In the liquid crystal layer compensating plates 7, 8
of the horizontally oriented liquid crystals, nx and ny were
fixed at the values thereof when Nz=1, and the nz for each Nz
coefficient was calculated using the abovementioned

[0167] Equation 5 and used based on the change in the
thickness d of the A/2 plate in which Nz=1 in Table 2, and the
refractive index ofthe A/2 plate in which Nz=1 in Table 2. The
refractive indices for wavelengths other than 400, 500, and
600 nm were in accordance with the Cauchy formula.

TABLE 1
alignment
Re Rth angle
Nz (nm) (nm) (degrees)

polarizer 2 — — — 90.0
M2 plate 5 1.0 275.0 137.5 100.0
in which Rth >0
M4 plate 6 0.0 138.0 —-69.0 155.0
in which Rth <0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 8
liquid crystal layer 1.0 285.0 142.5 0.0
9a
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 7
M4 plate 4 1.0 138.0 69.0 65.0
in which Rth >0
M2 plate 3 0.0 2750 -1375 10.0
in which Rth <0
polarizer 1 — — — 0.0
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TABLE 2
retardation wavelength
plate (nm) nx ny nz
M4 plate in 400 1.5870 1.5842 1.5842
which Nz =1 500 1.5867 1.5842 1.5842
600 1.5865 1.5842 1.5842
M2 plate in 400 1.5887 1.5835 1.5835
which Nz = 1 500 1.5882 1.5835 1.5835
600 1.5879 1.5835 1.5835
[0168] FIG. 9 is an equal contrast ratio diagram showing

the results of evaluating the viewing angle characteristics in
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 1. In FIG. 9,
the liquid crystal drive voltage was varied to obtain the lumi-
nance of the maximum white state, and an equal contrast ratio
diagram of the viewing angle characteristics was then calcu-
lated by dividing the white-state luminance by the luminance
of the black state that occurs in the initial state of the liquid
crystals. The contrast ratio is displayed from values of 3 to
1000, and a whiter color indicates a higher contrast ratio.
Equal contrast ratio curves at contrast ratios of 300, 200, 100,
50, and 10 are also shown. The X-axis, the Y-axis, and the
Z-axis shown are the same as defined by the coordinates in
FIG. 3. The point at the center of the circle in the equal
contrast ratio diagram indicates the contrast ratio when the
liquid crystal display device is viewed from the Z-axis. The
four concentric circles shown in the diagram indicate the
contrast ratio at angles (the tilt angles are referred to as polar
angles) of 20, 40, 60, and 80 degrees from the Z-axis.

[0169] Table 3 shows the composition of the reflective dis-
play region of the liquid crystal display device according to
Typical Structure Example 1. The values of Re and Rth in
Table 3 are values for a wavelength of 550 nm. The refractive
indices used in each composition were the same as those of
the transmissive display region of the liquid crystal display
device according to Typical Structure Example 1. The thick-
ness of the liquid crystal layer 95 of the reflective display
region was 2.0 pum, and the reflecting plate 10 was treated as
having mirror reflection characteristics.

TABLE 3
alignment
Re Rth angle
Nz (nm)  (nm) (degrees)
polarizer 2 — — — 90.0
N2 plate 5 1.0 275.0 1375 100.0
in which Rth >0
M4 plate 6 0.0 138.0 -69.0 155.0
in which Rth <0
liquid crystal layer 0.0 1425 -71.3 90.0
compensating plate 8
liquid crystal layer 1.0 142.5 71.3 0.0
9b
[0170] FIG. 10 is an equal contrast ratio diagram showing

the results of evaluating the viewing angle characteristics in
the reflective display region of the liquid crystal display
device according to Typical Structure Example 1. The con-
trast ratio is displayed from values of 3 to 1000, and a whiter
color indicates a higher contrast ratio, the same as in FIG. 9.
Equal contrast ratio curves at contrast ratios of 300, 200, 100,
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50, and 10 are also shown. The X-axis, the Y-axis, and the
Z-axis shown are the same as defined by the coordinates in
FIG. 3.

[0171] Comparative examples will next be described.
Comparative Structure Example 1 will first be described.
FIG. 34 is a perspective view showing the structure of the
liquid crystal display device according to Comparative Struc-
ture Example 1. As shown in FIG. 34, Comparative Structure
Example 1 differs from Typical Structure Example 1 in that
the circular polarizer on the backlight side is composed of a
polarizer 61, a /2 plate 63 in which Rth>0, and a /4 plate 64
in which Rth>0, and the circular polarizer on the display side
is composed of a polarizer 62, a A/2 plate 65 in which Rth>0,
and a M4 plate 66 in which Rth>0. Specifically, the retarda-
tions in the thickness direction of the in-plane retardation
plates are all positive. Other aspects of the structure are the
same as in Typical Structure Example 1.

[0172] Tables 4 and 5 show the compositions (values for a
wavelength of 550 nm) of the transmissive display region and
the reflective display region, respectively, of the liquid crystal
display device according to Comparative Structure Example
1. FIGS. 11 and 12 are equal contrast ratio diagrams showing
the results of evaluating the viewing angle characteristics in
the transmissive display region and the reflective display
region, respectively, of the liquid crystal display device
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Structure Example 2. As shown in FIG. 35, Comparative
Structure Example 2 differs from Typical Structure Example
1 in that the circular polarizer on the backlight side is com-
posed of a polarizer 70, a A/2 plate 72 in which Rth<0, and a
M4 plate 73 in which Rth>0, and the circular polarizer on the
display side is composed of a polarizer 71, a A/2 plate 74 in
which Rth<0, and a A/4 plate 75 in which Rth>0. The total of
the retardations in the thickness direction for the four in-plane
retardation plates is small, being 1.0 nm, but since the refer-
ence symbol of the Rth is the same between the /2 plate 72
in which Rth<0 and the A/2 plate 74 in which Rth<0, and
between the A/4 plate 73 in which Rth>0 and the A/4 plate 75
in which Rth>0, the Rth does not decrease. Other aspects of
the structure are the same as in Typical Structure Example 1.
[0174] Tables 6 and 7 show the compositions (values for a
wavelength of 550 nm) of the transmissive display region and
the reflective display region, respectively, of the liquid crystal
display device according to Comparative Structure Example
2.FIGS. 13 and 14 are equal contrast ratio diagrams showing
the results of evaluating the viewing angle characteristics in
the transmissive display region and the reflective display
region, respectively, of the liquid crystal display device
according to Comparative Structure Example 2.

according to Comparative Structure Example 1. TABLE 6
alignment
TABLE 4 Re Rth angle
Nz (nm) (nm) (degrees)
alignment
Re Rth angle polarizer 71 — — — 90.0
Nz (nm) (nm) (degrees) N2 plate 74 0.0 275.0 -137.5 100.0
in which Rth <0
polarizer 62 — — — 90.0 N4 plate 75 1.5 138.0 138.0 155.0
M2 plate 65 1.0 275.0 137.5 100.0 in which Rth >0
in which Rth > 0; liquid crystal layer 0.0 142.5 -71.3 90.0
M4 plate 66 1.0 138.0 69.0 155.0 compensating plate 77
in which Rth > 0; liquid crystal layer 1.0 285.0 142.5 0.0
Liquid crystal 0.0 142.5 -71.3 90.0 78a
Layer compensating liquid crystal layer 0.0 142.5 -71.3 90.0
plate 68 compensating plate 76
liquid crystal layer 1.0 285.0 142.5 0.0 W4 plate 73 1.5 138.0 138.0 65.0
69a in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0 M2 plate 72 0.0 275.0 -137.5 10.0
compensating plate 67 in which Rth <0
M4 plate 64 1.0 138.0 69.0 65.0 polarizer 70 — — — 0.0
in which Rth >0
M2 plate 63 1.0 275.0 -137.5 10.0
in which Rth >0
polarizer 61 — — 0.0 TABLE 7
alignment
Re Rth angle
TABLE 5 Nz (nm) (nm) (degrees)
alignment polarizer 71 — — — 90.0
Re Rth angle M2 plate 74 in which 0.0 275.0 -137.5 100.0
Nz (nm) (nm) (degrees) Rth<0
M4 plate 75 in which 1.5 138.0 138.0 155.0
polarizer 62 — — — 90.0 Rth>0
M2 plate 65 1.0 275.0 137.5 100.0 liquid crystal layer 0.0 1425 -71.3 90.0
in which Rth >0 compensating plate 77
M4 plate 66 1.0 138.0 69.0 155.0 liquid crystal layer 1.0 142.5 71.3 0.0
in which Rth >0 78b
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 68
liquid crystal layer Lo 1425 713 0.0 [0175] Following is a comparison of the viewing angle
6% characteristics in Typical Structure Example 1, Comparative
Structure Example 1, and Comparative Structure Example 2
[0173] Comparative Structure Example 2 will next be described above. As shown in FIG. 9, in the viewing angle

described. F1G. 35 is a perspective view showing the structure
of'the liquid crystal display device according to Comparative

characteristics of the transmissive display region in Typical
Structure Example 1, the region in which the contrast ratio is
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300 or higher is wider, and the viewing angle characteristics
are enhanced in relation to Comparative Structure Example 1
(FIG. 11). These are effects of reducing the absolute value of
the sum of the retardation in the thickness direction between
the A/2 plate 3 in which Rth<0 and the A/2 plate 5 in which
Rth>0, and between the A/4 plate 4 in which Rth>0 and the
M4 plate 6 in which Rth<0. Furthermore, as shown in FIG. 10,
the viewing angle characteristics of the reflective display
region in Typical Structure Example 1 are enhanced overall in
relation to Comparative Structure Example 1 (FIG. 12). This
is an effect of reducing the retardation in the thickness direc-
tion between the A/2 plate 5 in which Rth>0 and the A/4 plate
6 in which Rth<0.

[0176] As shown in FIG. 13, the regions of the equal con-
trast ratio curves are smaller in Comparative Structure
Example 2 than in Comparative Structure Example 1 (FIG.
11), and the viewing angle characteristics of the transmissive
display region are poor. As shown in FIG. 14, the viewing
angle characteristics of the reflective display region are poor
overall in relation to Comparative Structure Example 1 (FIG.
12).

[0177] As is apparent from Comparative Structure
Example 2, even when the circular polarizer is composed of
in-plane retardation plates having a negative retardation in the
thickness direction, the improvement gained by using an in-
plane retardation plate in which Rth<0 is minimal when the
absolute value of the sum of the Rth is not reduced between
the pair of in-plane retardation plates, such as between the A/2
plate of the circular polarizer on the backlight side and the A/2
plate of the circular polarizer on the display side.

[0178] Therefore, the effect of reducing the absolute value
of the sum of the Rth between the A/2 plate 3 in which Rth<0
and the A/2 plate 5 in which Rth>0, and between the A/4 plate
4 in which Rth>0 and the A/4 plate 6 in which Rth<0 as in
Typical Structure Example 1 makes it possible to obtain
higher contrast ratio in both the reflective display region and
the viewing angle characteristics of the transmissive display
region of the liquid crystal display device.

[0179] An example in which the thickness-direction retar-
dations of the in-plane retardation plates are varied with
respect to Typical Structure Example 1 will next be described.
FIG. 36 is a perspective view showing the structure of the
liquid crystal display device according to Typical Structure
Examples 2 through 9. As shown in FIG. 36, the transmissive
display region in Typical Structure Examples 2 through 9 is
composed of a polarizer 80, a A/2 plate 83, a A/4 plate 84, a
liquid crystal compensating plate 86, a liquid crystal layer
874, a liquid crystal layer compensating plate 85, a A/4 plate
82, a \/2 plate 81, and a polarizer 79 layered in sequence as
viewed from the display side. Tables 8 through 11 show the
specific compositions (values for a wavelength of 550 nm) of
Typical Structure Examples 2 through 9.

[0180] The alignment angles and the retardations Re in the
in-plane direction are the same for Typical Structure
Examples 2 through 9. The liquid crystal layer compensation
plates 85, 86, and the liquid crystal layer 87a are also the same
for Typical Structure Examples 2 through 9. Other structural
aspects are the same as in Typical Structure Example 1.
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TABLE 8
Typical Typical
common values Structure Structure
alignment Example 2 Example 3
Re angle Rth Rth
composition (nm) (degrees) Nz (nm) Nz (nm)
polarizer 80 — 90 — — — _
N2 plate 83 275.0 100.0 1.5 2750 1.0 137.5
M4 plate 84 138.0 155.0 -0.5 -1380 1.0 69.0
liquid crystal layer 142.5 90.0 00 =713 00 -713
compensating
plate 86
liquid crystal layer 285.0 0.0 1.0 1425 1.0 142.5
87a
liquid crystal layer 142.5 90.0 00 =713 00 -71.3
compensating
plate 85
M4 plate 82 138.0 65.0 1.5 138.0 0.0 —69.0
M2 plate 81 275.0 10.0 -0.5 -275.0 0.0 -1375
polarizer 79 — 0.0 — — — —
TABLE 9
Typical Typical
common values Structure Structure
alignment Example 4 _ Example 5
Re angle Rth Rth
composition (nm)  (degrees) Nz (nm) Nz (nm)
polarizer 80 — 90 — — — —
W2 plate 83 275.0 100.0 0.0 -137.5 0.0 -137.5
W4 plate 84 138.0 155.0 0.0 -69.0 1.0 69.0
liquid crystal layer 142.5 90.0 0.0 -71.3 00 -713
compensating
plate 86
liquid crystal layer 285.0 0.0 1.0 1425 1.0 1425
87a
liquid crystal layer 142.5 90.0 00 -71.3 0.0 =713
compensating
plate 85
M4 plate 82 138.0 65.0 1.0 69.0 0.0 -69.0
N2 plate 81 275.0 10.0 1.0 1375 1.0 137.5
polarizer 79 — 0.0 — — — —
TABLE 10
Typical Typical
common values Structure Structure
alignment Example 6 Example 7
Re angle Rth Rth
composition (nm) (degrees) Nz (nm) Nz (nm)
polarizer 80 — 90 — — — —
N2 plate 83 275.0 100.0 0.0 -1375 1.0 137.5
M4 plate 84 138.0 155.0 1.5 138.0 -0.5 -138.0
liquid crystal layer 142.5 90.0 0.0 -71.3 0.0 =713
compensating
plate 86
liquid crystal layer 285.0 0.0 1.0 142.5 1.0 142.5
87a
liquid crystal layer 142.5 90.0 0.0 -71.3 0.0 -713
compensating
plate 85
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TABLE 10-continued

Typical Typical
common values Structure Structure
alignment Example 6 Example 7
Re angle Rth Rth
composition (nm) (degrees) Nz (nm) Nz (nm)
M4 plate 82 138.0 65.0 -0.5 -138.0 1.5 138.0
M2 plate 81 275.0 10.0 1.0 137.5 0.0 -1375
polarizer 79 — 0.0 — — — —
TABLE 11
Typical Typical
common values Structure Structure
alignment Example 8 Example 9
Re angle Rth Rth
composition (nm) (degrees) Nz (nm) Nz (nm)
polarizer 80 — 90 — — — —
M2 plate 83 275.0 100.0 -0.5 -275.0 1.0 137.5
M4 plate 84 138.0 155.0 2.0 207.0 -0.5 -1375
liquid crystal layer 142.5 90.0 00 -71.3 00 -713
compensating
plate 86
liquid crystal layer 285.0 0.0 1.0 142.5 1.0 1425
87a
liquid crystal layer 1425 90.0 0.0 -71.3 00 -713
compensating
plate 85
W4 plate 82 138.0 65.0 -1.0 -207.0 1.5 137.5
W2 plate 81 275.0 10.0 1.5 2750 0.0 1375
polarizer 79 — 0.0 — — — —
[0181] The viewing angle characteristics of the transmis-

sive display are also enhanced in Typical Structure Examples
2 through 9 in the same manner as in Typical Structure
Example 1. In Typical Structure Examples 2 through 7, the
absolute value of Rth of the A/2 plate 81 and the A/4 plate 82
is smaller than in Typical Structure Example 8, and the light
incident on the liquid crystal layer 87a does not significantly
deviate from circularly polarized light when viewed from an
angle. The viewing angle characteristics of the transmissive
display are therefore enhanced with respect to Typical Struc-
ture Example 8. In comparison to Typical Structure Example
9, the absolute value of Rth is reduced not only between the
M4 plate 82 and the M4 plate 84, but also between the A/2
plate 81 and the A/2 plate 83 in Typical Structure Examples 2
through 7, and the viewing angle characteristics of the trans-
missive display are therefore further enhanced.

[0182] The liquid crystal display device is described as a
semi-transmissive liquid crystal display device in all of the
embodiments and typical structure examples of the present
invention, but the present invention can also be suitably
applied to transmissive liquid crystal display devices and
reflective liquid crystal display devices by substituting the
structure of the transmissive display part for the structure of a
transmissive liquid crystal display device, and substituting
the structure of the reflective display part for the structure of
a reflective liquid crystal display device.

[0183] The liquid crystal display device according to
Embodiment 2 of the present invention will next be described.
The present embodiment is also an embodiment of the struc-
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ture of the circular polarizer. FIG. 37 is a diagram showing a
schematic perspective view of the structure of the liquid crys-
tal display device according to Embodiment 2, and a diagram
showing the structure of the circular polarizer of the present
invention. The present embodiment differs from Embodiment
1 in that a polarizer compensating plate as another in-plane
retardation plate is provided between the polarizer and the
in-plane retardation plate, and the polarizer compensating
plate is positioned so that the transmission axis of the polar-
izer and the slow axis of the polarizer compensating plate are
parallel to each other. Specifically, as shown in FIG. 37, a
polarizer compensating plate 15 is provided between the
polarizer 2 and the A/2 plate 5 in which Rth>0, and a polarizer
compensating plate 14 is provided between the polarizer 1
and the A/2 plate 3 in which Rth<0. Other structural aspects
are the same as in Embodiment 1. By such a configuration, the
viewing angle characteristics of the polarizers are enhanced
as well as the viewing angle characteristics of the circular
polarizer, and the viewing angle characteristics of the trans-
missive display region are even further enhanced. Other
operations and effects are the same as in Embodiment 1.

[0184] The present embodiment will next be described in
further detail using Typical Structure Example 10 of the
presentembodiment. Tables 12 and 13 show the compositions
(values for a wavelength of 550 nm) of the transmissive
display region and the reflective display region, respectively,
of'the liquid crystal display device according to Typical Struc-
ture Example 10. FIGS. 15 and 16 are equal contrast ratio
diagrams showing the results of evaluating the viewing angle
characteristics in the transmissive display region and the
reflective display region, respectively, of the liquid crystal
display device according to Typical Structure Example 10.
The refractive indices used for the polarizer compensating
layers 14, 15 were calculated by varying the thickness d ofthe
A2 plate in which Nz=1 in Table 2. The refractive indices for
wavelengths other than 400, 500, and 600 nm were in accor-
dance with the Cauchy formula.

TABLE 12
alignment
Re Rth angle
Nz (nmy) (nm) (degrees)

polarizer 2 — 90.0
polarizer compensating 1.0 100.0 50.0 90.0
plate 15
N2 plate 5 1.0 275.0 137.5 100.0
in which Rth >0
M4 plate 6 0.0 138.0 -69.0 155.0
in which Rth <0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 8
liquid crystal layer 1.0 285.0 142.5 0.0
Qa
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 7
M4 plate 4 1.0 138.0 69.0 65.0
in which Rth >0
M2 plate 3 0.0 275.0 -137.5 10.0
in which Rth <0
polarizer compensating 1.0 100.0 50.0 0.0
plate 14
polarizer 1 — — — 0.0
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TABLE 13
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 2 — — — 90.0
polarizer compensating 1.0 100.0 50.0 90.0
plate 15
M2 plate 5 1.0 275.0 137.5 100.0
in which Rth >0
M4 plate 6 0.0 138.0 -69.0 155.0
in which Rth <0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 8
liquid crystal layer 9b 1.0 1425 71.3 0.0

[0185] As shown in FIG. 15, in the viewing angle charac-
teristics of the transmissive display region in Typical Struc-
ture Example 10, the region in which the contrast ratio is 300
or higher is wider, and the viewing angle characteristics are
enhanced in relation to Comparative Structure Example 1
(FIG. 11). Furthermore, in the viewing angle characteristics
of the transmissive display region in Typical Structure
Example 10, the region in which the contrast ratio is 10 or
higher is wider, and the viewing angle characteristics are
enhanced in relation to Typical Structure Example 1 (FIG. 9).
As shown in FIG. 16, the viewing angle characteristics in the
reflective display region of Typical Structure Example 10 are
enhanced overall in relation to Comparative Structure
Example 1 (FIG. 12). The viewing angle characteristics in the
reflective display region of Typical Structure Example 10 are
about the same as in Typical Structure Example 1 (FIG. 10).
[0186] In the present embodiment, the polarizer compen-
sating plates 14, 15 were used in the circular polarizers on
both the backlight side and the display side, but this configu-
ration is not limiting, and a polarizer compensating plate may
be used on only one side. Polarizer compensating plates in
which Nz=1.0 were also used in the present embodiment, but
a polarizer compensating plate having a difference Nz coet-
ficient may also be used.

[0187] The polarizer compensating plates 14 and 15 both
had the same characteristics in the present embodiment, but
the polarizer compensating plates may also have different
characteristics. The slow axes of a polarizer compensating
plates, and the absorption axes of the polarizers were also set
s0 as to be parallel to each other in the present embodiment,
but these axes may also be set perpendicular to each other. A
polarizer compensating plate may also be applied to other
embodiments to further enhance the viewing angle character-
istics.

[0188] The liquid crystal display device according to
Embodiment 3 of the present invention will next be described.
The present embodiment is also an embodiment of the struc-
ture of the circular polarizer. FIG. 38 is a diagram showing a
schematic perspective view of the structure of the liquid crys-
tal display device according to Embodiment 3, and a diagram
showing the structure of the circular polarizer of the present
invention. As shown in FIG. 38, the present embodiment
differs from Embodiment 1 in that the circular polarizer on
the backlight side is composed of a polarizer 88, aA/2 plate 90
in which Rth=0, and a A/4 plate 91 in which Rth=0; and the
circular polarizer on the display side is composed of a polar-
izer 89, a A/2 plate 92 in which Rth=0, and a A/4 plate 93 in
which Rth=0. Other structural aspects are the same as in
Embodiment 1. By such a configuration, the viewing angle
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characteristics in the transmissive display are enhanced by
setting the Rth of each in-plane retardation plate constituting
the circular polarizers to zero or substantially to zero. Other
operations and effects are the same as in Embodiment 1.
[0189] The present embodiment will next be described in
further detail using Typical Structure Example 11 of the
presentembodiment. Tables 14 and 15 show the compositions
(values for a wavelength of 550 nm) of the transmissive
display region and the reflective display region, respectively,
oftheliquid crystal display device according to Typical Struc-
ture Example 11. FIGS. 17 and 18 are equal contrast ratio
diagrams showing the results of evaluating the viewing angle
characteristics in the transmissive display region and the
reflective display region, respectively, of the liquid crystal
display device according to Typical Structure Example 11.

TABLE 14
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 89 — — — 90.0
M2 plate 92 0.5 275.0 0.0 100.0
in which Rth = 0
M4 plate 93 0.5 138.0 0.0 155.0
in which Rth = 0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 95
liquid crystal layer 1.0 285.0 142.5 0.0
96a
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 94
N4 plate 91 0.5 138.0 0.0 65.0
in which Rth =0
N2 plate 90 0.5 275.0 0.0 10.0
in which Rth =0
polarizer 88 — — — 0.0
TABLE 15
alignment
Re Rth angle
Nz (nmy) (nmy) (degrees)
polarizer 89 — — — 90.0
N2 plate 92 0.5 275.0 0.0 100.0
in which Rth =0
N4 plate 93 0.5 138.0 0.0 155.0
in which Rth =0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 95
liquid crystal layer 1.0 142.5 71.3 0.0
96b
[0190] As shown in FIG. 17, in the viewing angle charac-

teristics of the transmissive display region in Typical Struc-
ture Example 11, the region in which the contrast ratio is 300
or higher is wider, and the viewing angle characteristics are
enhanced in relation to Comparative Structure Example 1
(FIG. 11). Furthermore, as shown in FIG. 18, the viewing
angle characteristics in the reflective display region of Typical
Structure Example 11 are enhanced overall in relation to
Comparative Structure Example 1 (FIG. 12). The viewing
angle characteristics in the reflective display region are
enhanced overall, but the shapes of the equal contrast ratio
curves are different from those of Typical Structure Example
1 (FIG. 10).

[0191] The liquid crystal display device according to
Embodiment 4 of the present invention will next be described.
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The present embodiment is also an embodiment of the struc-
ture of the circular polarizer. FIG. 39 is a diagram showing a
schematic perspective view of the structure of the liquid crys-
tal display device according to Embodiment 4, and a diagram
showing the structure of the circular polarizer of the present
invention. As shown in FIG. 39, the present embodiment
differs from Embodiment 1 in that the circular polarizer on
the backlight side is composed of a polarizer 97, a /2 plate 99
in which Rth<0, a A/2 plate 100 in which Rth>0, and a A/4
plate 101 in which Rth<0; and the circular polarizer on the
display side is composed of a polarizer 98, a A/2 plate 102 in
which Rth>0, a A/2 plate 103 in which Rth<0, and a A/4 plate
104 in which Rth>0. Specifically, Embodiment 1 was a broad-
band circular polarizer in which Two retardation plates were
used, Embodiment 4 is a broadband circular polarizer in
which three retardation plates are used. The broadband char-
acteristics of the broadband circular polarizer are enhanced
by increasing the number of retardation plates. The transmis-
sive viewing angle characteristics are enhanced by reducing
the absolute value of the sum of Rth between the A/2 plate 99
in which Rth<0 and the A/2 plate 102 in which Rth>0,
between the A/2 plate 100 in which Rth>0 and the A/2 103 in
which Rth<0, and between the A/4 plate 101 in which Rth<0
and the A/4 plate 104 in which Rth>0. Other structural aspects
are the same as in Embodiment 1. Other operations and
effects are also the same as in Embodiment 1.

[0192] The present embodiment will next be described in
further detail by comparing a typical structure example of the
present embodiment with a comparative example. Tables 16
and 17 show the compositions (values fora wavelength of 550
nm) of the transmissive display region and the reflective dis-
play region, respectively, of the liquid crystal display device
according to Typical Structure Example 12. FIGS. 19 and 20
are equal contrast ratio diagrams showing the results of evalu-
ating the viewing angle characteristics in the transmissive
display region and the reflective display region, respectively,
oftheliquid crystal display device according to Typical Struc-
ture Example 12.

TABLE 16
alignment
Re Rth angle
Nz (nm) (nm) (degrees)

polarizer 98 — — — 90.0
M2 plate 102 1.0 275.0 137.5 96.9
in which Rth >0
M2 plate 103 0.0 275.0 -137.5 124.5
in which Rth <0
M4 plate 104 1.0 138.0 69.0 190.4
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 106
liquid crystal layer 107a 1.0 285.0 142.5 0.0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 105
W4 plate 101 0.0 138.0 -69.0 100.4
in which Rth <0
W2 plate 100 1.0 2750 137.5 34.5
in which Rth >0
M2 plate 99 0.0  275.0 -137.5 6.9
in which Rth <0
polarizer 97 — — — 0.0
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TABLE 17
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 98 — — — 90.0
N2 plate 102 1.0 275.0 137.5 96.9
in which Rth >0
M2 plate 103 0.0 275.0 -137.5 124.5
in which Rth <0
M4 plate 104 1.0 138.0 69.0 190.4
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 106
liquid crystal layer 107b 1.0 1425 71.3 0.0
[0193] A comparative example will next be described. FIG.

40 is a diagram showing a schematic perspective view of the
structure of the liquid crystal display device according to
Comparative Structure Example 3, and a diagram showing
the structure of the circular polarizer of the present invention.
As shown in FIG. 40, Comparative Structure Example 3
differs from Embodiment 4 in that all of the in-plane retarda-
tion plates have an Rth greater than zero. Tables 18 and 19
show the compositions (values for awavelength of 550 nm) of
the transmissive display region and the reflective display
region, respectively, of the liquid crystal display device
according to Comparative Structure Example 3. FIGS. 21 and
22 are equal contrast ratio diagrams showing the results of
evaluating the viewing angle characteristics in the transmis-
sive display region and the reflective display region, respec-
tively, of the liquid crystal display device according to Com-
parative Structure Example 3.

TABLE 18
alignment
Re Rth angle
Nz (nm) (nmy) (degrees)
polarizer 109 — 90.0
M2 plate 113 1.0 2755 137.5 96.9
in which Rth >0
N2 plate 114 1.0 275.5 137.5 124.5
in which Rth >0
N4 plate 115 1.0 138.0 69.0 190.4
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 117
liquid crystal layer 118a 1.0 285.5 142.5 0.0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 116
W4 plate 112 1.0 138.0 69.0 100.4
in which Rth >0
M2 plate 111 1.0 275.0 137.5 34.5
in which Rth >0
M2 plate 110 1.0 275.0 137.5 6.9
in which Rth <0
polarizer 108 — — — 0.0
TABLE 19
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 109 — 90.0

W2 plate 113 1.0 2750 1375 96.9
in which Rth >0
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TABLE 19-continued

alignment
Re Rth angle
Nz (nm) (nm) (degrees)
M2 plate 114 1.0 275.0 137.5 124.5
in which Rth >0
M4 plate 115 1.0 138.0 69.0 190.4
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 117
liquid crystal layer 118b 1.0 142.5 71.3 0.0
[0194] As shown in FIG. 19, the viewing angle character-

istics in the transmissive display region of Typical Structure
Example 12 are enhanced in comparison to Comparative
Structure Example 3 (FIG. 21). Furthermore, as shown in
FIG. 20, the viewing angle characteristics in the reflective
display region of Typical Structure Example 12 are slightly
enhanced in comparison to Comparative Structure Example 3
(FIG. 21).

[0195] An example in which the thickness-direction retar-
dations of the in-plane retardation plates are varied with
respect to Typical Structure Example 12 will next be
described. FIG. 41 is a perspective view showing the structure
ofthe liquid crystal display device according to Typical Struc-
ture Examples 13 and 14. As shown in FIG. 41, the transmis-
sive display region in Typical Structure Examples 13 and 14
is composed of a polarizer 119, a A/2 plate 121, a A/2 plate
122, a A4 plate 123, a liquid crystal compensating plate 127,
a liquid crystal layer 1294, a liquid crystal layer compensat-
ing plate 128, a A/4 plate 126, a A/2 plate 125, a A/2 plate 124,
and a polarizer 120 layered in sequence as viewed from the
display side. Table 20 shows the specific composition of
Typical Structure Examples 13 and 14.

[0196] The alignment angles and the retardations Re in the
in-plane direction are the same for Typical Structure
Examples 13 and 14. The liquid crystal layer compensation
plates 127, 128, and the liquid crystal layer 1294 are also the
same for Typical Structure Examples 13 and 14.

TABLE 20
Typical Typical
common values Structure Structure
alignment _Example 13 _Example 14
Re angle Rth Rth
composition (nmy) (degrees) Nz (um) Nz (nm)
polarizer 120 — 90 — — — —
M2 plate 124 275.0 96.9 1.0 1375 0.0 -1375
M2 plate 125 275.0 1245 1.0 1375 1.0 1375
M4 plate 126 138.0 190.4 1.0 69.0 0.0 -69.0
liquid crystal layer 142.5 90.0 0.0 -71.3 00 -71.3
compensating
plate 128
liquid crystal layer 285.0 0.0 1.0 1425 1.0 1425
129a
liquid crystal layer 142.5 90.0 00 -71.3 00 -713
compensating
plate 127
M4 plate 123 138.0 100.4 0.0 -69.0 1.0 69.0
W2 plate 122 275.0 345 0.0 -137.5 0.0 -137.5
M2 plate 121 275.0 6.9 0.0 -137.5 1.0 1375
polarizer 119 — 0.0 — — — —
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[0197] According to such a configuration, the viewing
angle characteristics of the transmissive display are also
enhanced in Typical Structure Examples 13 and 14 in the
same manner as in Typical Structure Example 12.

[0198] The liquid crystal display device according to
Embodiment 5 of the present invention will next be described.
The present embodiment is also an embodiment of the struc-
ture of the circular polarizer. Embodiment 5 of the present
invention differs from Embodiment 4 in that all of the in-
plane retardation plates have an Rth substantially equal to
zero. Other structural aspects are the same as in Embodiment
4. The viewing angle characteristics are enhanced by such a
configuration.

[0199] The present embodiment will next be described in
further detail using Typical Structure Example 15 of the
present embodiment. FIG. 42 is a perspective view showing
the structure of the liquid crystal display device according to
Typical Structure Example 15, wherein the Rth of the A/2
plates and the A/4 plates as the in-plane retardation plates are
all zero. Tables 21 and 22 show the compositions (values for
a wavelength of 550 nm) of the transmissive display region
and the reflective display region, respectively, of the liquid
crystal display device according to Typical Structure
Example 15. FIGS. 23 and 24 are equal contrast ratio dia-
grams showing the results of evaluating the viewing angle
characteristics in the transmissive display region and the
reflective display region, respectively, of the liquid crystal
display device according to Typical Structure Example 15.

TABLE 21
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 120 — — — 90.0
W2 plate 124 0.5 2755 0.0 96.9
in which Rth = 0
M2 plate 125 0.5 2755 0.0 1245
in which Rth = 0
M4 plate 126 0.5 138.0 0.0 190.4
in which Rth = 0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 128
liquid crystal layer 129a 1.0 285.5 142.5 0.0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 127
M4 plate 123 0.5 138.0 0.0 10.4
in which Rth =0
N2 plate 122 0.5 275.0 0.0 34.5
in which Rth =0
M2 plate 121 0.5 2750 0.0 6.9
in which Rth = 0
polarizer 119 — — — 0.0
TABLE 22
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 120 — — — 90.0
N2 plate 124 0.5 275.0 0.0 96.9
in which Rth =0
M2 plate 125 0.5 2750 0.0 1245
in which Rth = 0
M4 plate 126 0.5 138.0 0.0 190.4

in which Rth=0
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TABLE 22-continued

alignment
Re Rth angle
Nz (nm) (nm) (degrees)
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 128
liquid crystal layer 129b 1.0 142.5 71.3 0.0

[0200] As shown in FIG. 23, the viewing angle character-
istics in the transmissive display region of Typical Structure
Example 15 are enhanced in comparison to Comparative
Structure Example 3 (FIG. 21). Furthermore, as shown in
FIG. 24, the viewing angle characteristics in the reflective
display region of Typical Structure Example 15 are enhanced
overall in comparison to Comparative Structure Example 3
(FIG. 22).

[0201] The liquid crystal display device according to
Embodiment 6 of the present invention will next be described.
The present embodiment is also an embodiment of the struc-
ture of the circular polarizer. FIG. 43 is a diagram showing a
schematic perspective view of the structure of the liquid crys-
tal display device according to Embodiment 6, and a diagram
showing the structure of the circular polarizer of the present
invention. As shown in FIG. 43, the present embodiment
differs from Embodiment 1 in that the circular polarizer on
the backlight side is composed of a polarizer 130 and a A/4
plate 132 in which Rth>0; and the circular polarizer on the
display side is composed of a polarizer 131 and a A/4 plate
133 in which Rth<0. Other aspects of the structure are the
same as in Typical Structure Example 1. Embodiment 6 is
thus a circular polarizer having a single retardation plate. The
transmissive viewing angle characteristics are enhanced in
such a structure by reducing the absolute value of the sum of
the thickness-direction retardations between the A/4 plate 132
in which Rth>0, and the A/4 plate 133 in which Rth<0.
[0202] The present embodiment will next be described in
further detail by comparing a typical structure example of the
present embodiment with a comparative example. Typical
Structure Example 16 of the present embodiment will first be
described. Tables 23 and 24 show the compositions (values
for a wavelength of 550 nm) of the transmissive display
region and the reflective display region, respectively, of the
liquid crystal display device according to Typical Structure
Example 16. FIGS. 25 and 26 are equal contrast ratio dia-
grams showing the results of evaluating the viewing angle
characteristics in the transmissive display region and the
reflective display region, respectively, of the liquid crystal
display device according to Typical Structure Example 16.

TABLE 23
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 131 — — — 90.0
W4 plate 133 0.0 138.0  -69.0 135.0
in which Rth <0
liquid crystal layer 0.0 1425 -713 90.0

compensating plate 135
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TABLE 23-continued
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
liquid crystal layer 136a 1.0 285.0 142.5 0.0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 134
W4 plate 132 1.0 138.0 69.0 45.0
in which Rth >0
polarizer 130 — — — 0.0
TABLE 24
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 131 — — — 90.0
M4 plate 133 0.0 138.0 -69.0 135.0
in which Rth <0
liquid crystal layer 0.0 1425 -71.3 90.0
compensating plate 135
liquid crystal layer 136b 1.0 142.5 71.3 0.0
[0203] Comparative Structure Example 4 will next be

described. FIG. 44 is a perspective view showing the structure
of'the liquid crystal display device according to Comparative
Structure Example 4. As shown in FIG. 4, the present com-
parative structure example differs from Embodiment 6 in that
a M4 plate 140 in which Rth>0 and a A/4 plate 139 in which
Rth>0 are provided on the display side and on the backlight
side, the circular polarizers have a single retardation plate,
and the in-plane retardation plates that constitute the polariz-
ers all have an Rth greater than zero. Other structural aspects
are the same as in Embodiment 6. Tables 25 and 26 show the
compositions of the transmissive display region and the
reflective display region, respectively, of the liquid crystal
display device according to Comparative Structure Example
4.FIGS. 27 and 28 are equal contrast ratio diagrams showing
the results of evaluating the viewing angle characteristics in
the transmissive display region and the reflective display
region, respectively, of the liquid crystal display device
according to Comparative Structure Example 4.

TABLE 25
alignment
Re Rth angle
Nz (nm) (nmy) (degrees)
polarizer 138 — — — 90.0
N4 plate 140 1.0 138.0 69.0 135.0
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 142
liquid crystal layer 143a 1.0 285.0 142.5 0.0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 141
M4 plate 139 1.0 138.0 69.0 45.0
in which Rth >0
polarizer 137 — — — 0.0




US 2012/0105775 Al

TABLE 26
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 138 — — — 90.0
W4 plate 140 1.0 138.0 69.0 135.0
in which Rth >0
liquid crystal layer 0.0 142.5 -71.3 90.0
compensating plate 142
liquid crystal layer 143b 1.0 142.5 71.3 0.0

[0204] As shown in FIG. 25, in the viewing angle charac-
teristics of the transmissive display region in Typical Struc-
ture Example 16, the regions in which the contrast ratio is
300, 200, 100, 50, and 10 or higher are wider, and the viewing
angle characteristics are enhanced in relation to Comparative
Structure Example 4 (FIG. 27).

[0205] The liquid crystal display device according to
Embodiment 7 of the present invention will next be described.
The present embodiment is also an embodiment of the struc-
ture of the circular polarizer. FIG. 45 is a diagram showing a
schematic perspective view of the structure of the liquid crys-
tal display device according to Embodiment 7, and a diagram
showing the structure of the circular polarizer of the present
invention. The present embodiment differs from Embodiment
1 in that vertically aligned liquid crystals are used instead of
horizontally aligned liquid crystals that are driven by a lateral
field. Other aspects of the structure are the same as in Embodi-
ment 1.

[0206] According to the present embodiment, the pairs of
in-plane retardation plates constituting the pair of circular
polarizers are arranged so as to compensate for the Rth of
each other, whereby the viewing angle characteristics of the
transmissive display are enhanced in a vertical-alignment
liquid crystal display device such as the one described in
AsiaDisplay/IDWO1, p. 134.

[0207] A wide-viewing-angle VA (Vertical Alignment)
mode is preferred among modes in which liquid crystals are
driven by a vertical field. VA modes include MVA (Multi-
domain Vertical Alignment) schemes in which viewing angle
dependency is reduced in a multi-domain scheme, as well as
PVA (Patterned Vertical Alignment) schemes, ASV (Ad-
vanced Super V) schemes, and the like.

[0208] The present embodiment will next be described in
further detail by comparing a typical structure example of the
present embodiment with a comparative example. Typical
Structure Example 17 of the present embodiment will first be
described. Table 27 shows the composition (values for a
wavelength of 550 nm) of the transmissive display region of
the liquid crystal display device according to Typical Struc-
ture Example 17. Table 28 also shows the composition (values
for a wavelength of 550 nm) of the reflective display region of
the liquid crystal display device according to Typical Struc-
ture Example 17.

[0209] The liquid crystals are placed in a four-division ver-
tical alignment mode whereby the liquid crystal molecules lie
indirections 0f45 degrees, 135 degrees, 225 degrees, and 315
degrees according to the electric field, wherein 0 degrees is
the direction of liquid crystal molecules that lie in the X-axis
direction. The refractive index anisotropy An of the liquid
crystal layer 152a was 0.1 (wherein the wavelength is 550
nm), the thickness was 3.5 pm, and the wavelength depen-
dency was such that the refractive index anisotropy increased
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the shorter the wavelength, the same as in common liquid
crystals. In the liquid crystal layer compensating plates 150
and 151 of the vertical alignment mode, nx=ny=1.5000, and
nz=1.4986, and the refractive indices thereof were the same
for all wavelengths. The thickness of the liquid crystal layer
15256 was 1.75 pm.

TABLE 27
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 145 — — — 90.0
W2 plate 148 1.0 2750 137.5 100.0
in which Rth >0
M4 plate 149 0.0 138.0 -69.0 155.0
in which Rth <0
liquid crystal layer — 0 182.2 —
compensating plate 151
liquid crystal layer 152a — 0 -350.1 —
liquid crystal layer — 0 182.2 —
compensating plate 150
M4 plate 147 1.0 138.0 69.0 65.0
in which Rth >0
W2 plate 146 0.0 2750 -137.5 10.0
in which Rth <0
polarizer 144 — — — 0.0
TABLE 28
alignment
Re Rth angle
Nz (nm) (nm) (degrees)
polarizer 145 — — — 90.0
M2 plate 148 1.0 275.0 137.5 100.0
in which Rth >0
W4 plate 149 0.0 1380 -69.0 155.0
in which Rth <0
liquid crystal layer — 0 182.2 —
compensating plate 151
liquid crystal layer 152b — 0 -175.1 —

[0210] Comparative Structure Example 5 will next be
described. FIG. 46 is a perspective view showing the structure
of'the liquid crystal display device according to Comparative
Structure Example 5. As shown in FIG. 46, Comparative
Structure Example 5 differs from Embodiment 7 in that the
in-plane retardation plates constituting the circular polarizers
all have an Rth greater than zero. Other structural aspects are
the same as in Embodiment 7.

[0211] Tables 29 and 30 show the compositions of the
transmissive display region and the reflective display region,
respectively, of the liquid crystal display device according to
Comparative Structure Example 5. FIGS. 31 and 32 are equal
contrast ratio diagrams showing the results of evaluating the
viewing angle characteristics in the transmissive display
region and the reflective display region, respectively, of the
liquid crystal display device according to Comparative Struc-
ture Example 5.

[0212] Since the conditions of the circular polarizers are
different, the Rth values found as a result of recalculating the
Rth of the liquid crystal layer compensating plates for
improving the viewing angle characteristics of the transmis-
sive display differed between the liquid crystal layer compen-
sating plates 150, 151 of Typical Structure Example 17 and
the liquid crystal layer compensating plates 159, 160 of Com-
parative Structure Example 5.
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with those of Comparative Structure Examples 1 through 5, in

TABLE 29 which the same number of in-plane retardation plates were
- used.
alignment
Re Rth angle
Nz (nm) (nm) (degrees) TABLE 31
polarizer 154 — — — 90.0 number of
M2 plate 157 1.0 275.0 137.5 100.0 in-plane transmissive
in which Rth >0 retardation  S1 S2  viewing angle
N4 plate 158 1.0 138.0 69.0 155.0 conditions plates (nm) (nm) characteristics
in which Rth >0
liquid crystal layer — 0 98.3 — Typical 1 2 0.0 0.0 Enhanced relative
compensating plate 160 Structure 2 2 0.0 0.0 to Comparative
liquid crystal layer 161a — 0 -350.1 — Example 3 2 0.0 0.0 Structure Example
liquid crystal layer — 0 98.3 — 4 2 0.0 00 1
compensating plate 159 5 2 0.0 0.0
W4 plate 156 1.0 138.0 69.0 65.0 6 2 0.0 0.0
in which Rth >0 7 2 0.0 0.0
M2 plate 155 1.0 2750 137.5 10.0 8 2 0.0 0.0
in which Rth >0 9 2 275.0 275.0
polarizer 153 — — — 0.0 10 2 0.0 0.0
11 2 0.0 0.0
12 3 0.0 0.0 enhanced relative
13 3 0.0 0.0 to Comparative
TABLE 30 14 3 0.0 0.0 Structure Example
15 3 0.0 0.0 3
alignment 16 1 0.0 0.0 enhanced relative
Re Rth angle to Comparative
Nz (nm) (nm) (degrees) itructu.re Example
polarizer 154 _ _ _ 90.0 17 2 0.0 14.2 enhanced relative
W2 plate 157 1.0 2750 137.5 100.0 to Comparative
in which Rth >0 Structure Example
W4 plate 158 1.0 138.0 69.0 155.0 5
in which Rth >0 Comparative 1 2 413.0 413.0 standard for
liquid crystal layer _ 0 08.3 _ Example 3 3 688.0 688.0 comparison
compensating plate 160 4 1 1380 1380
liquid crystal layer 161b — 0 -175.1 — 5 2 413.0 2595
[0213] As shown in FIG. 29, in the viewing angle charac- ~ [0217] ~As shown in Table 31, when S1 was 0.0 and 0.5 for

teristics of the transmissive display region in Typical Struc-
ture Example 17, the regions in which the contrast ratio is
300, 200, 100, 50, and 10 or higher are wider, and the contrast
is enhanced overall in relation to Comparative Structure
Example 5 (FIG. 31). The viewing angle characteristics of the
transmissive display are also enhanced in Embodiment 7 of
the present invention by the same combination of in-plane
retardation plates as in Embodiment 1 of the present inven-
tion.

[0214] The effect of the present invention will next be com-
pared in terms of the sum of the retardations in the thickness
direction. First, the sum of the retardations in the thickness
direction of the in-plane retardation plates for two polarizers
is designated as S1. The designation S2 is for the sum of the
retardations in the thickness direction of the constituent mem-
bers for two polarizers during black display in the liquid
crystal display device.

[0215] Using Typical Structure Example 1 as an example,
S1 is the sum of the Rth of the A/2 plate 5 in which Rth>0, the
M4 plate 6 in which Rth<0, the A/4 plate 4 in which Rth>0,
and the A/2 plate 3 in which Rth<0. The sum S2 is the sum of
the Rth of the A/2 plate 5 in which Rth>0, the A/4 plate 6 in
which Rth<0, the liquid crystal layer compensating plate 8,
the liquid crystal layer 9a, the liquid crystal layer compensat-
ing plate 7, the A/4 plate 4 in which Rth>0, and the A/2 plate
3 in which Rth<0.

[0216] The S1 and S2 for Typical Structure Examples 1
through 17 are shown in Table 31. The viewing angle char-
acteristics of the transmissive display region are compared

both modes that include the horizontal alignment mode (Typi-
cal Structure Examples 1 through 16) and the vertical align-
ment mode (Typical Structure Example 17), the transmissive
viewing angle characteristics were enhanced relative to the
Comparative Structure Examples. In the horizontal alignment
mode, the transmissive viewing angle characteristics were
enhanced relative to the Comparative Structure Examples
when S2 was 0.0 and 0.5.

[0218] FIG. 33 is a perspective view showing a mobile
terminal device in which the liquid crystal display device
according to Embodiment 8 of the present invention is
mounted. As shown in FIG. 33, the liquid crystal display
device 302 of the present invention is mounted in a mobile
telephone 301, for example. The mobile terminal device is not
limited to a mobile telephone, and the present invention may
also be applied to PDAs (Personal Digital Assistant), gaming
devices, digital cameras, digital video cameras, and various
other types of mobile terminal devices. The present invention
is also not limited to mobile terminal devices, and may also be
applied to notebook personal computers, cash dispensers,
automatic vending machines, and various other types of ter-
minal devices.

[0219] The present invention can be suitably used in the
display devices of mobile telephones, PDAs, gaming devices,
digital cameras, video cameras, video players, and other
mobile terminal devices; and the display devices of notebook
personal computers, cash dispensers, automatic vending
machines, and other terminal devices.
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What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal cell in which a liquid crystal layer is pro-

vided between a pair of substrates; and

a circular polarizer provided to each substrate of the liquid

crystal cell, each of said circular polarizers having

a plurality of in-plane retardation plates having a retarda-

tion Re>0 in an in-plane direction when the retardation
Re of an in-plane direction is (nx-ny)xd, and a retarda-
tion Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which
a maximum refractive index occurs in a plane, ny is a
refractive index in an in-plane direction orthogonal to
the direction in which the maximum refractive index
occurs, nz is a refractive index in a thickness direction,
and d is a thickness), and

a polarizer disposed on an opposite side of said liquid

crystal layer from said in-plane retardation plates, each
of said in-plane retardation plates having a slow axis not
perpendicular to an absorption axis of said polarizer, in
each of said circular polarizers,

wherein a first pair of said in-plane retardation plates is

formed by i) a first one of the plurality of said in-plane
retardation plates ina first of said circular polarizers, and
ii) a second one of the plurality of said in-plane retarda-
tion plates in a second of said circular polarizers, said
first of said circular polarizers being disposed on a first
side of the liquid crystal cell and said second of said
circular polarizers being disposed on a second side of the
liquid crystal cell opposite the first side of the liquid
crystal cell, a first of said first pair of said in-plane
retardation plates configured such that Rth>0, and a
second of said first pair of said in-plane retardation
plates configured such that Rth<0,

wherein a second pair of said in-plane retardation plates is

formed by i) a third one of the plurality of said in-plane
retardation plates in the first of said circular polarizers,
and ii) a fourth one of the plurality of said in-plane
retardation plates in the second of said circular polariz-
ers, a first of said second pair of said in-plane retardation
plates configured such that Rth>0, and a second of said
second pair of said in-plane retardation plates config-
ured such that Rth<0,

wherein said first pair of said in-plane retardation plates is

closer to the liquid crystal cell than the second pair of
said in-plane retardation plates, and

wherein said in-plane retardation plates in which Rth>0

and said in-plane retardation plates in which Rth<0 con-
stitute a plurality of said pairs of in-plane retardation
plates, and said in-plane retardation plates of each of
said pairs of in-plane retardation plates are configured to
compensate for each other.

2. The liquid crystal display device according to claim 1,
wherein a sum of Rth of the in-plane retardation plates that
constitute said circular polarizers and are disposed in between
two of said polarizers is O.

3. The liquid crystal display device according to claim 1,
wherein each of said polarizers has a protective film on said
in-plane retardation plates, and a sum of the sum of Rth of the
in-plane retardation plates that constitute said circular polar-
izers in between two of said polarizers, and a retardation in a
thickness direction of said protective film is 0.

4. The liquid crystal display device according to claim 1,
wherein at least one of the circular polarizers has an in-plane
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retardation plate besides said in-plane retardation plates that
is disposed between said polarizer and said in-plane retarda-
tion plates so that a slow axis of the other in-plane retardation
plate is perpendicular or parallel to an absorption axis of said
polarizer.

5. The liquid crystal display device according to claim 1,
wherein a sum of the retardation between two of said polar-
izers in a thickness direction of the liquid crystal device is 0
during black display in said liquid crystal display device.

6. The liquid crystal display device according to claim 1,
further comprising:

at least one liquid crystal layer compensating plate for

optically compensating for said liquid crystal layer, dis-
posed between at least one of said circular polarizers and
said liquid crystal cell.

7. The liquid crystal display device according to claim 1,
wherein said liquid crystal layer is a liquid crystal layer that is
vertically aligned during black display.

8. The liquid crystal display device according to claim 6,
wherein

said liquid crystal cell has a reflective display region and a

transmissive display region;

said liquid crystal layer has a retardation in an in-plane

direction parallel to a display surface; and

at least the liquid crystal layer of said transmissive display

region is driven by a lateral field.
9. The liquid crystal display device according to claim 8,
wherein
said at least one liquid crystal layer compensating plate
comprises a first liquid crystal layer compensating plate
provided between said liquid crystal layer and one of
said two circular polarizers and a second liquid crystal
layer compensating plate provided between said liquid
crystal layer and the other of said two circular polarizers;

one liquid crystal layer compensating plate of two of said
liquid crystal layer compensating plates reduces a retar-
dation in an in-plane direction of the liquid crystal layer
in said reflective display region; and

two of said liquid crystal layer compensating plates reduce

aretardation in an in-plane direction of the liquid crystal
layer in said transmissive display region.

10. The liquid crystal display device according to claim 9,

wherein one liquid crystal layer compensating plate of two

of said liquid crystal layer compensating plates reduces
aretardation in a thickness direction of the liquid crystal
layer in said reflective display region; and

two of'said liquid crystal layer compensating plates reduce

aretardation in a thickness direction of the liquid crystal
layer in said transmissive display region.

11. The liquid crystal display device according to claim 9,
wherein said liquid crystal layer compensating plates have a
retardation in an in-plane direction, and the retardation in the
thickness direction is negative.

12. The liquid crystal display device according to claim 9,
wherein said liquid crystal layer compensating plates are set
to a value so as to cancel out and render isotropic the retar-
dation in the in-plane direction of the liquid crystal layer in
said transmissive display region.

13. The liquid crystal display device according to claim 9,
wherein said liquid crystal layer compensating plates are set
to a value so as to cancel out and render isotropic the retar-
dation in the in-plane direction of the liquid crystal layer in
said reflective display region.
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14. The liquid crystal display device according to claim 6,
wherein a wavelength dependency of an in-plane birefrin-
gence of said liquid crystal layer compensating plate
increases in monotonic fashion with respect to an increase in
wavelength.

15. A terminal device in which the liquid crystal display
device according to claim 1 is mounted.

16. A liquid crystal display device, comprising:

an upper substrate;

a lower substrate;

a liquid crystal layer between said upper and lower sub-
strates;

an upper circular polarizer beneath the upper substrate and
above a first side of the liquid crystal layer, the upper
circular polarizer having an upper pair of in-plane retar-
dation plates and an upper polarizer, the upper pair of
in-plane retardation plates being interposed between the
upper polarizer and the liquid crystal layer, each of said
upper pair of in-plane retardation plates having a slow
axis not perpendicular to an absorption axis of the upper
circular polarizer;

a lower circular polarizer above the lower substrate and
beneath a second side of the liquid crystal layer, the
lower circular polarizer having a lower pair of in-plane
retardation plates and a lower polarizer, the lower pair of
in-plane retardation plates being interposed between the
lower polarizer and the liquid crystal layer, each of said
lower pair of in-plane retardation plates having a slow
axis not perpendicular to an absorption axis of the lower
circular polarizer,

wherein each of the upper and lower pairs of in-plane
retardation plates has a retardation Re>0 in an in-plane
direction when the retardation Re of an in-plane direc-
tion is

(nx—ny)xd
and a retardation Rth in a thickness direction is
((nx+ny)/2-nz)xd)

nx being a refractive index in a direction in which a maxi-
mum refractive index occurs in a plane,

ny being a refractive index in an in-plane direction orthogo-
nal to the direction in which the maximum refractive
index occurs, and

nz being a refractive index in a thickness direction, and d is
a thickness,

wherein a first of the upper pair of in-plane retardation
plates is configured such that Rth<0, and a second of the
upper pair of in-plane retardation plates is configured
such that Rth>0,

wherein a first of the lower pair of in-plane retardation
plates is configured such that Rth>0, and a second of the
lower pair of in-plane retardation plates is configured
such that Rth<0,

wherein said first of the upper pair of in-plane retardation
plates is between said second of the upper pair of in-
plane retardation plates and said liquid crystal layer,

wherein said first of the lower pair of in-plane retardation
plates is between said second of the lower pair of in-
plane retardation plates and said liquid crystal layer, and

wherein said first of the upper pair of in-plane retardation
plates is configured to compensate for said first of the
lower pair of in-plane retardation plates, and said second
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of the upper pair of in-plane retardation plates is config-
ured to compensate for said second of the lower pair of
in-plane retardation plates.

17. A liquid crystal display device, comprising:
a liquid crystal cell in which a liquid crystal layer is pro-
vided between a pair of substrates; and

a circular polarizer provided to each substrate of the liquid
crystal cell, each of said circular polarizers having

a plurality of in-plane retardation plates having a retarda-
tion Re>0 in an in-plane direction when the retardation
Re of an in-plane direction is (nx—ny)xd, and a retarda-
tion Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which
a maximum refractive index occurs in a plane, ny is a
refractive index in an in-plane direction orthogonal to
the direction in which the maximum refractive index
occurs, nz is a refractive index in a thickness direction,
and d is a thickness), and

a polarizer disposed on an opposite side of said liquid
crystal layer from said in-plane retardation plates, at
least one of said in-plane retardation plates having a
slow axis not perpendicular to an absorption axis of said
polarizer, in each of said circular polarizers,

wherein a first pair of said in-plane retardation plates is
formed by i) a first one of the plurality of said in-plane
retardation plates in a first of said circular polarizers, and
ii) a second one of the plurality of said in-plane retarda-
tion plates in a second of said circular polarizers, said
first of said circular polarizers being disposed on a first
side of the liquid crystal cell and said second of said
circular polarizers being disposed on a second side of the
liquid crystal cell opposite the first side of the liquid
crystal cell, a first of said first pair of said in-plane
retardation plates configured such that Rth>0, and a
second of said first pair of said in-plane retardation
plates configured such that Rth<O0,

wherein a second pair of said in-plane retardation plates is
formed by 1) a third one of the plurality of said in-plane
retardation plates in the first of said circular polarizers,
and ii) a fourth one of the plurality of said in-plane
retardation plates in the second of said circular polariz-
ers, a first of said second pair of said in-plane retardation
plates configured such that Rth>0, and a second of said
second pair of said in-plane retardation plates config-
ured such that Rth<0,

wherein said first pair of said in-plane retardation plates is
closer to the liquid crystal cell than the second pair of
said in-plane retardation plates,

wherein said in-plane retardation plates in which Rth>0
and said in-plane retardation plates in which Rth<0 con-
stitute a plurality of said pairs of in-plane retardation
plates, and said in-plane retardation plates of each of
said pairs of in-plane retardation plates are configured to
compensate for each other,

wherein each of the circular polarizers has two of said
in-plane retardation plates, and

wherein said in-plane retardation plates are provided in an
order of said in-plane retardation plate in which Rth>0,
said in-plane retardation plate in which Rth<0, said in-
plane retardation plate in which Rth>0, and said in-plane
retardation plate in which Rth<0, as viewed from a dis-
play side.
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18. A liquid crystal display device, comprising:

a liquid crystal cell in which a liquid crystal layer is pro-
vided between a pair of substrates; and

a circular polarizer provided to each substrate of the liquid
crystal cell, each of said circular polarizers having

a plurality of in-plane retardation plates having a retarda-
tion Re>0 in an in-plane direction when the retardation
Re of an in-plane direction is (nx—ny)xd, and a retarda-
tion Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which
a maximum refractive index occurs in a plane, ny is a
refractive index in an in-plane direction orthogonal to
the direction in which the maximum refractive index
occurs, nz is a refractive index in a thickness direction,
and d is a thickness), and

a polarizer disposed on an opposite side of said liquid
crystal layer from said in-plane retardation plates, at
least one of said in-plane retardation plates having a
slow axis not perpendicular to an absorption axis of said
polarizer, in each of said circular polarizers,

wherein a first pair of said in-plane retardation plates is
formed by 1) a first one of the plurality of said in-plane
retardation plates in a first of said circular polarizers, and
ii) a second one of the plurality of said in-plane retarda-
tion plates in a second of said circular polarizers, said
first of said circular polarizers being disposed on a first
side of the liquid crystal cell and said second of said
circular polarizers being disposed on a second side of the
liquid crystal cell opposite the first side of the liquid
crystal cell, a first of said first pair of said in-plane
retardation plates configured such that Rth>0, and a
second of said first pair of said in-plane retardation
plates configured such that Rth<0,

wherein a second pair of said in-plane retardation plates is
formed by 1) a third one of the plurality of said in-plane
retardation plates in the first of said circular polarizers,
and ii) a fourth one of the plurality of said in-plane
retardation plates in the second of said circular polariz-
ers, a first of said second pair of said in-plane retardation
plates configured such that Rth>0, and a second of said
second pair of said in-plane retardation plates config-
ured such that Rth<0,

wherein said first pair of said in-plane retardation plates is
closer to the liquid crystal cell than the second pair of
said in-plane retardation plates,

wherein said in-plane retardation plates in which Rth>0
and said in-plane retardation plates in which Rth<0 con-
stitute a plurality of said pairs of in-plane retardation
plates, and said in-plane retardation plates of each of
said pairs of in-plane retardation plates are configured to
compensate for each other,

wherein each of the circular polarizers has two of said
in-plane retardation plates, and

wherein said in-plane retardation plates are provided in an
order of said in-plane retardation plate in which Rth<O0,
said in-plane retardation plate in which Rth>0, said in-
plane retardation plate in which Rth<0, and said in-plane
retardation plate in which Rth>0, as viewed from a dis-
play side.

19. A liquid crystal display device, comprising:

a liquid crystal cell in which a liquid crystal layer is pro-
vided between a pair of substrates; and

a circular polarizer provided to each substrate of the liquid
crystal cell, each of said circular polarizers having
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a plurality of in-plane retardation plates having a retarda-
tion Re>0 in an in-plane direction when the retardation
Re of an in-plane direction is (nx—ny)xd, and a retarda-
tion Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which
a maximum refractive index occurs in a plane, ny is a
refractive index in an in-plane direction orthogonal to
the direction in which the maximum refractive index
occurs, nz is a refractive index in a thickness direction,
and d is a thickness), and

a polarizer disposed on an opposite side of said liquid
crystal layer from said in-plane retardation plates, at
least one of said in-plane retardation plates having a
slow axis not perpendicular to an absorption axis of said
polarizer, in each of said circular polarizers,

wherein a first pair of said in-plane retardation plates is
formed by 1) a first one of the plurality of said in-plane
retardation plates in a first of said circular polarizers, and
ii) a second one of the plurality of said in-plane retarda-
tion plates in a second of said circular polarizers, said
first of said circular polarizers being disposed on a first
side of the liquid crystal cell and said second of said
circular polarizers being disposed on a second side of the
liquid crystal cell opposite the first side of the liquid
crystal cell, a first of said first pair of said in-plane
retardation plates configured such that Rth>0, and a
second of said first pair of said in-plane retardation
plates configured such that Rth<O0,

wherein a second pair of said in-plane retardation plates is
formed by 1) a third one of the plurality of said in-plane
retardation plates in the first of said circular polarizers,
and ii) a fourth one of the plurality of said in-plane
retardation plates in the second of said circular polariz-
ers, a first of said second pair of said in-plane retardation
plates configured such that Rth>0, and a second of said
second pair of said in-plane retardation plates config-
ured such that Rth<0,

wherein said first pair of said in-plane retardation plates is
closer to the liquid crystal cell than the second pair of
said in-plane retardation plates,

wherein said in-plane retardation plates in which Rth>0
and said in-plane retardation plates in which Rth<0 con-
stitute a plurality of said pairs of in-plane retardation
plates, and said in-plane retardation plates of each of
said pairs of in-plane retardation plates are configured to
compensate for each other,

wherein each of the circular polarizers has two of said
in-plane retardation plates, and

wherein said in-plane retardation plates are provided in an
order of said in-plane retardation plate in which Rth>0,
said in-plane retardation plate in which Rth>0, said in-
plane retardation plate in which Rth<0, and said in-plane
retardation plate in which Rth<0, as viewed from a dis-
play side.

20. A liquid crystal display device, comprising:

a liquid crystal cell in which a liquid crystal layer is pro-
vided between a pair of substrates; and

a circular polarizer provided to each substrate of the liquid
crystal cell, each of said circular polarizers having

a plurality of in-plane retardation plates having a retarda-
tion Re>0 in an in-plane direction when the retardation
Re of an in-plane direction is (nx—ny)xd, and a retarda-
tion Rth in a thickness direction is ((nx+ny)/2-nz)xd
(wherein nx is a refractive index in a direction in which
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a maximum refractive index occurs in a plane, ny is a
refractive index in an in-plane direction orthogonal to
the direction in which the maximum refractive index
occurs, nz is a refractive index in a thickness direction,
and d is a thickness), and

a polarizer disposed on an opposite side of said liquid
crystal layer from said in-plane retardation plates, at
least one of said in-plane retardation plates having a
slow axis not perpendicular to an absorption axis of said
polarizer, in each of said circular polarizers,

wherein a first pair of said in-plane retardation plates is
formed by 1) a first one of the plurality of said in-plane
retardation plates ina first of said circular polarizers, and
ii) a second one of the plurality of said in-plane retarda-
tion plates in a second of said circular polarizers, said
first of said circular polarizers being disposed on a first
side of the liquid crystal cell and said second of said
circular polarizers being disposed on a second side of the
liquid crystal cell opposite the first side of the liquid
crystal cell, a first of said first pair of said in-plane
retardation plates configured such that Rth>0, and a
second of said first pair of said in-plane retardation
plates configured such that Rth<0,

wherein a second pair of said in-plane retardation plates is
formed by i) a third one of the plurality of said in-plane
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retardation plates in the first of said circular polarizers,
and ii) a fourth one of the plurality of said in-plane
retardation plates in the second of said circular polariz-
ers, a first of said second pair of said in-plane retardation
plates configured such that Rth>0, and a second of said
second pair of said in-plane retardation plates config-
ured such that Rth<0,

wherein said first pair of said in-plane retardation plates is
closer to the liquid crystal cell than the second pair of
said in-plane retardation plates,

wherein said in-plane retardation plates in which Rth>0
and said in-plane retardation plates in which Rth<0 con-
stitute a plurality of said pairs of in-plane retardation
plates, and said in-plane retardation plates of each of
said pairs of in-plane retardation plates are configured to
compensate for each other,

wherein each of the circular polarizers has two of said
in-plane retardation plates, and

wherein said in-plane retardation plates are provided in an
order of said in-plane retardation plate in which Rth<0,
said in-plane retardation plate in which Rth<0, said in-
plane retardation plate in which Rth>0, and said in-plane
retardation plate in which Rth>0, as viewed from a dis-
play side.
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