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Description

[0001] The present invention relates to a liquid crystal
display having a wide viewing angle range.
[0002] Conventional liquid crystal displays generally
use TN (Twisted Nematic) or STN (Super Twisted
Nematic) type apparatuses.
[0003] Each of these liquid crystal displays comprises
a liquid crystal cell having a liquid crystal layer in which
liquid crystal molecules are twisted at a predetermined
twist angle between a pair of transparent substrates on
the front and rear sides, each of which has a transparent
electrode on its inner surface, and front and rear polar-
izers sandwiching the liquid crystal cell.
[0004] However, the TN- or STN-type liquid crystal
display has a narrow observation angle range, i.e., view-
ing angle in which display with satisfactory contrast can
be observed.
[0005] More specifically, in the conventional TN-type
liquid crystal display, light obliquely incident on the liquid
crystal display with respect to light incident from the nor-
mal direction has an optical path length through the liq-
uid crystal layer, which changes depending on the inci-
dent angle. For this reason, retardation corresponding
to the incident angle occurs, and the transmittance
changes depending on the direction of light incidence,
i.e., the observation direction. Hence, the observation
angle range, i.e., viewing angle in which display with sat-
isfactory contrast can be observed becomes narrow,
and the display suffers color tinge.
[0006] It is an object of the present invention to pro-
vide a liquid crystal display capable of obtaining a wide
viewing angle.
[0007] In order to achieve the above object, according
to the first aspect of the present invention, there is pro-
vided a liquid crystal display as recited in claim 1.
[0008] According to the liquid crystal display of the
first aspect of the present invention,

when a voltage is applied to the electrodes sand-
wiching the liquid crystal layer, residual retardation gen-
erated due to the influence of liquid crystal molecules
which are not sufficiently aligned in the application di-
rection near the front and rear substrates of the liquid
crystal layer is compensated by the first and second re-
tardation films, and

the retardation difference that changes depending
on the incident angle when light that has passed through
one of the polarizers passes through the liquid crystal
layer is compensated by the third retardation film.
[0009] Hence, the liquid crystal display of the present
invention can realize bright display and dark display
within a wide viewing angle range and can also realize
display with high contrast as the ratio of the maximum
transmittance to the minimum transmittance.
[0010] In the liquid crystal display of the present in-
vention, each of the first and second retardation films
comprises a discotic liquid crystal layer in which liquid
crystal molecules are aligned to gradually rise from an

aligned state along one surface, from one surface to-
ward the other surface of the first or second retardation
film, and has the axial direction, in which the refractive
index is minimized, in a direction along an average mo-
lecular axis direction of discotic liquid crystal molecules
in an intermediate direction in a direction of thickness of
the discotic liquid crystal layer, and the direction com-
ponent of the axial direction in the film plane of each of
the first and second retardation films is set parallel to
the direction of the aligning treatment of the correspond-
ing adjacent substrate.
[0011] According to this liquid crystal display, the dis-
cotic liquid crystal layers of the first and second retar-
dation films can compensate residual retardation due to
the liquid crystal molecules near the front and rear sub-
strates.
[0012] In the liquid crystal display of the present in-
vention,

the liquid crystal cell in which the direction of align-
ing treatment of the alignment film formed on the front
substrate is perpendicular to that of the alignment film
formed on the rear substrate has the twisted liquid crys-
tal layer sandwiched by the substrate,

the pair of polarizers have the absorption axes
parallel to the direction of aligning treatment of the align-
ment films formed on the adjacent substrates of the liq-
uid crystal cell; and

the third retardation film/films has/have the direc-
tion in which the refractive index in the film plane is max-
imized in substantially parallel to the absorption axis of
the adjacent polarizer.
[0013] According to this liquid crystal display, when
light that has passed through one of the polarizers pass-
es through the liquid crystal layer, the retardation differ-
ence due to the difference in incident angle is compen-
sated by the third retardation film/films, so the transmit-
tance does not change depending on the incident angle.
In addition, when a voltage is applied to the electrodes
sandwiching the liquid crystal layer, the first retardation
film compensates residual retardation due to the align-
ment of liquid crystal molecules near the front substrate,
and the second retardation film compensates residual
retardation due to the alignment of liquid crystal mole-
cules near the rear substrate. Hence, a decrease in con-
trast due to the residual retardation can be prevented.
[0014] More specifically, retardation of light that be-
comes incident on the liquid crystal layer obliquely with
respect to the normal direction to the liquid crystal cell
is different from that of light incident in the normal direc-
tion. when this retardation difference is almost canceled
by refractive index anisotropy in the film plane of the
third retardation film when the light passes through the
film, the retardation difference generated when the light
passes through the liquid crystal layer can be compen-
sated.
[0015] Hence, irrespective of the incident angle, when
a voltage is applied to the electrodes, the light that has
passed through the rear polarizer is polarized to oscil-
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late in a direction almost parallel to the absorption axis
of the front polarizer, so the light is absorbed. When no
voltage is applied to the electrodes, the light is polarized
to oscillate in a direction perpendicular to the absorption
axis of the front polarizer, so the light can pass through
the front polarizer.
[0016] Additionally, when a voltage is applied to the
electrodes sandwiching the liquid crystal layer, the first
and second retardation films compensate residual re-
tardation in liquid crystal molecules aligned along the
substrate surfaces near the substrates, excluding the in-
termediate portion of the liquid crystal layer, where the
liquid crystal molecules are aligned in the application di-
rection. Light incident from one of the polarizers passes
through the first and second retardation films while re-
maining the linearly polarized and is absorbed by the
absorption axis of the other polarizer, so the display be-
comes dark.
[0017] Hence, in the liquid crystal display of the
present invention, since the retardation difference in the
liquid crystal layer due to the difference in incident angle
to the liquid crystal cell or residual retardation generated
by the liquid crystal molecules in the part of the liquid
crystal layer near the substrates when a voltage is ap-
plied is compensated, a change in transmittance due to
the difference in incident angle to the liquid crystal cell
is minimum. In addition, since the transmittance can be
satisfactorily controlled by controlling the voltage to be
applied to the liquid crystal layer, the contrast as the ratio
of the maximum transmittance to the minimum transmit-
tance can be improved within a wide viewing angle
range.
[0018] The third retardation film/films is/are preferably
inserted in a position between the front polarizer and the
first retardation film or/and a position between the rear
polarizer and the second retardation film.
[0019] For each third retardation film, if an s-axis rep-
resents the direction in which the refractive index is max-
imized in the film plane, an f-axis represents a direction
perpendicular to the s-axis in the film plane, and a z-axis
represents a normal direction to the film plane, letting
ns be a refractive index along the s-axis, nf be a refrac-
tive index along the f-axis, and nz be a refractive index
along the z-axis, the refractive indices preferably satisfy

[0020] Preferably, a value of a product ∆nd of a bire-
fringence index and liquid crystal layer thickness d of
the liquid crystal cell falls within a range of 300 to 500
nm, and letting d' be a thickness of each third retardation
film, each third retardation film has retardation with
which

a value (ns - nf)·d' falls within a range of 250 to
450 nm, and

a value (ns - nz)·d' falls within a range of 70 to 450
nm.

0 < (ns - nz)/(ns - nf) % 1.

[0021] Each third retardation film may be laid out such
that the direction in which the refractive index in the film
plane is maximized is substantially perpendicular to the
absorption axis of the adjacent polarizer.
[0022] This summary of the invention does not nec-
essarily describe all necessary features so that the in-
vention may also be a sub-combination of these de-
scribed features.
[0023] The invention can be more fully under stood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is an exploded perspective view showing a
liquid crystal display according to the first embodi-
ment of the present invention;
FIG. 2 is a sectional view showing part of the liquid
crystal display;
FIG. 3 is a schematic sectional view showing an op-
tical anisotropic film used in the liquid crystal dis-
play;
FIG. 4 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 260 nm, and (ns - nz)d' = 260 nm, and
has an s-axis parallel to the absorption axis of the
front polarizer;
FIG. 5 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 260 nm, and (ns - nz)d' = 260 nm, and
has an s-axis perpendicular to the absorption axis
of the front polarizer;
FIG. 6 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 350 nm, and (ns - nz)d' = 350 nm, and
has an s-axis parallel to the absorption axis of the
front polarizer;
FIG. 7 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 350 nm, and (ns - nz)d' = 350 nm, and
has an s-axis perpendicular to the absorption axis
of the front polarizer;
FIG. 8 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 440 nm, and (ns - nz)d' = 440 nm, and
has an s-axis parallel to the absorption axis of the
front polarizer;
FIG. 9 is a view showing the viewing angle range of
a liquid crystal display which uses a third retardation
film having characteristics of (ns - nz)/(ns - nf) = 1,
(ns - nf)d' = 440 nm, and (ns - nz)d' = 440 nm, and
has an s-axis perpendicular to the absorption axis
of the front polarizer;
FIG. 10 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
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dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3, (ns - nf)d' = 205 nm, and (ns - nz)d' = 80
nm, and has an s-axis parallel to the absorption axis
of the front polarizer;
FIG. 11 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3, (ns - nf)d' = 205 nm, and (ns - nz)d' = 80
nm, and has an s-axis perpendicular to the absorp-
tion axis of the front polarizer;
FIG. 12 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3, (ns - nf)d' = 350 nm, and (ns - nz)d' = 105
nm, and has an s-axis parallel to the absorption axis
of the front polarizer;
FIG. 13 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3, (ns - nf)d' = 350 nm, and (ns - nz)d' = 105
nm, and has an s-axis perpendicular to the absorp-
tion axis of the front polarizer;
FIG. 14 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3, (ns - nf)d' = 420 nm, and (ns - nz)d' = 126
nm, and has an s-axis parallel to the absorption axis
of the front polarizer;
FIG. 15 is a view showing the viewing angle range
of a liquid crystal display which uses a third retar-
dation film having characteristics of (ns - nz)/(ns -
nf) = 0.3; (ns - nf)d' = 420 nm, and (ns - nz)d' = 126
nm, and has an s-axis perpendicular to the absorp-
tion axis of the front polarizer;
FIG. 16 is a view showing the viewing angle range
of a comparative apparatus having no third retarda-
tion film;
FIG. 17 is an exploded perspective view showing a
liquid crystal display according to the second em-
bodiment of the present invention; and
FIG. 18 is an exploded perspective view showing a
liquid crystal display according to the third embod-
iment of the present invention.

[0024] Liquid crystal display devices will be described
below as embodiments of the present invention with ref-
erence to the accompanying drawing.

[First Embodiment]

[0025] FIGS. 1 to 15 show the first embodiment of the
present invention. FIG. 1 is an exploded perspective
view of a liquid crystal display. FIG. 2 is a sectional view
showing part of the liquid crystal display.
[0026] As shown in FIGS. 1 and 2, the liquid crystal
display of this embodiment has a liquid crystal cell 1,
and front and rear polarizers 11 and 12 sandwiching the
liquid crystal cell 1. A first retardation film 13 is inserted

between the liquid crystal cell 1 and the front polarizer
11. A second retardation film 14 is inserted between the
liquid crystal cell 1 and the rear polarizer 12. A third re-
tardation film 19 is inserted between the first retardation
film 13 and the adjacent front polarizer 11.
[0027] In the liquid crystal cell 1, a nematic liquid crys-
tal layer 9 is formed between a pair of transparent sub-
strates 2 and 3 on the front and rear sides, which are
jointed via a frame-like sealing material (not shown), so
as to be present in a region enclosed by the sealing ma-
terial. The pair of substrates 2 and 3 have transparent
electrodes 4 and 5 on their inner surfaces, respectively.
[0028] The liquid crystal cell 1 used in this embodi-
ment employs the active matrix scheme. The electrode
5 formed on the inner surface of the rear substrate (low-
er substrate in FIG. 2) 3 comprises a plurality of pixel
electrodes arrayed in the row and column directions to
form a matrix. The electrode 4 formed on the inner sur-
face of the front substrate 2 is a film-like counter elec-
trode opposing the plurality of pixel electrodes 5. A plu-
rality of TFTs (thin-film transistors) 6 are formed on the
inner surface of the rear substrate 3 in correspondence
with the plurality of pixel electrodes 5, respectively. A
plurality of gate interconnections (not shown) for sup-
plying gate signals to the TFTs 6 of rows and a plurality
of data interconnections (not shown) for supplying data
signals to the TFTs 6 of columns are also formed on the
inner surface of the substrate 3. The plurality of pixel
electrodes 5 are connected to the corresponding TFTs
6, respectively. Although FIG. 2 schematically illustrates
each TFT 6, it comprises a gate electrode formed on the
substrate 3, a transparent gate insulating film formed on
almost the entire surface of the substrate 3 so as to cov-
er the gate electrode, an i-type semiconductor film
formed on the gate insulating film and opposing the gate
electrode, and source and drain electrodes formed on
both side portions of the I-type semiconductor film via
an n-type semiconductor film. The pair of substrates 2
and 3 have, on their inner surfaces, alignment films 7
and 8 covering the electrodes 4 and 5, respectively. The
alignment films 7 and 8 are aligned by rubbing their film
planes in predetermined directions.
[0029] The liquid crystal display of this embodiment is
a TN-type liquid crystal display. The alignment direc-
tions near the substrates 2 and 3 are regulated by align-
ing the alignment films 7 and 8 formed on the inner sur-
faces of the pair of substrates 2 and 3. The liquid crystal
molecules are twisted at a twist angle of about 90° be-
tween the substrates 2 and 3. The front polarizer 11 and
rear polarizer 12 are arranged having their absorption
axes 11a and 12a (FIG. 1) almost perpendicular to each
other.
[0030] The first and second retardation films 13 and
14 inserted between the liquid crystal cell 1 and the front
polarizer 11 and between the liquid crystal cell 1 and the
rear polarizer 12, respectively, have negative optical an-
isotropy with which the refractive index is minimized in
a direction tilted in a predetermined direction with re-
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spect to the normal line to the film plane.
[0031] FIG. 3 is a schematic sectional view of the first
and second retardation films 13 and 14. Each of the first
and second retardation films 13 and 14 used in this em-
bodiment is formed from a discotic liquid crystal layer
17 in which discotic liquid crystal molecules 18 aligned
along the film plane are hybrid-aligned to gradually rise
from one surface toward the other surface.
[0032] Each of the first and second retardation films
13 and 14, each of which comprises the discotic liquid
crystal layer 17, is manufactured by the following meth-
od: an aligning treatment film 16 for tilting the discotic
liquid crystal molecules 18 in one direction at a uniform
pretilt angle is formed on a transparent base film 15 by
obliquely depositing SiO (silicon oxide), for example, a
photo-setting discotic polymer liquid crystal is applied to
the surface of the aligning treatment film 16 to a prede-
termined thickness, then, an electric or magnetic field is
applied from the upper surface side to hybrid-align the
tilted discotic liquid crystal molecules 18 to make them
gradually rise from the upper surface toward the liquid
crystal layer surface of the base film 15, and in this state,
the discotic polymer liquid crystal is hardened by light
irradiation.
[0033] The first and second retardation films 13 and
14 have negative optical anisotropy along the tilt direc-
tion of the hybrid-aligned discotic liquid crystal mole-
cules 18. The refractive index is minimized in a direction
along an average molecular axis 18a of the discotic liq-
uid crystal molecules 18 in the intermediate layer of the
discotic liquid crystal layer 17 and toward the surface
(surface on the base film 15 side) on which the discotic
liquid crystal molecules 18 are tilt-aligned, i.e., a direc-
tion N indicated by an arrow in FIG. 3. The direction N
in which the refractive index is minimized will be referred
to as the axial direction of the first or second retardation
film.
[0034] The first and second retardation films 13 and
14 are inserted between the liquid crystal cell 1 and the
front polarizer 11 and between the liquid crystal cell 1
and the rear polarizer 12, respectively, having, in prede-
termined directions, their axial directions N in which the
refractive indices are minimized.
[0035] As shown in FIG. 1, the third retardation film
19 has an s-axis along which the refractive index is max-
imized in the film plane, an f-axis perpendicular to the
s-axis in the film plane, and a z-axis along the normal
line to the film plane. Let ns, nf, and nz be the refractive
indices along the respective axes. The third retardation
film 19 is a uniaxial (ns > nz = nf) or biaxial (ns > nz >
nf) retardation film whose refractive indices have a re-
lationship ns > nz ^ nf. The third retardation film 19 is
inserted between the first retardation film 13 and the ad-
jacent front polarizer 11 having, in a predetermined di-
rection, the s-axis direction in which the refractive index
is maximized in the film plane.
[0036] FIG. 1 shows the layout of the elements of the
liquid crystal display according to this embodiment, and

the layout directions of the elements.
[0037] The liquid crystal cell 1 is laid out such that an
aligning treatment direction 2a of the front substrate 2
is shifted by about 45° counterclockwise with respect to
an abscissa x of the screen, which is indicated by an
alternate long and short dashed line, when viewed from
the front side, while an aligning treatment direction 3a
of the rear substrate 3 is shifted by about 45° clockwise
with respect to the abscissa x when viewed from the
front side. Hence, the liquid crystal molecules in the liq-
uid crystal layer 9 of the liquid crystal cell 1 are twisted
counterclockwise at almost 90° from the rear substrate
3 toward the front substrate 2, when viewed from the
front side, as indicated by a broken arrow in FIG. 1.
[0038] The first retardation film 13 is laid out such that
the direction component along the film plane in the axial
direction N, in which the refractive index is minimized,
is shifted by about 45° counterclockwise with respect to
the abscissa x when viewed from the front side. The sec-
ond retardation film 14 is laid out such that the direction
component along the film plane in the axial direction N,
in which the refractive index is minimized, is shifted by
about 45° clockwise with respect to the abscissa x when
viewed from the front side.
[0039] Hence, the direction component of the first re-
tardation film 13 along the film plane in the axial direction
N, in which the refractive index is minimized, and the
aligning treatment direction 2a of the front substrate 2
are almost parallel to each other in opposite directions.
The direction component of the second retardation film
14 along the film plane in the axial direction N, in which
the refractive index is minimized, and the aligning treat-
ment direction 3a of the rear substrate 3 are almost par-
allel to each other in opposite directions.
[0040] The direction components of the first and sec-
ond retardation films 13 and 14 along the film planes in
the axial directions N, in which the refractive indices are
minimized, only need be parallel to the aligning treat-
ment directions 2a and 3a. The surface opposing the
liquid crystal cell 1 may be either the surface on the base
film 15 side, on which the discotic liquid crystal mole-
cules 18 are aligned along the film plane, or the surface
on which the discotic liquid crystal molecules 18 are
raised with respect to the surface of the base film 15.
[0041] The front polarizer 11 is laid out such that the
absorption axis 11a is shifted by about 45° counterclock-
wise with respect to the abscissa x when viewed from
the front side so as to be almost parallel to the aligning
treatment direction 2a of the front substrate 2. The rear
polarizer 12 is laid out such that the absorption axis 12a
is shifted by about 45° clockwise with respect to the ab-
scissa x when viewed from the front side so as to be
almost parallel to the aligning treatment direction 3a of
the rear substrate 3. Hence, the absorption axes 11a
and 12a of the front and rear polarizers 11 and 12 are
perpendicular to each other.
[0042] The third retardation film 19 is laid out such that
the direction (s-axis) in which the refractive index is max-
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imized in the film plane is shifted by about 45° counter-
clockwise or clockwise (counterclockwise in FIG. 1) with
respect to the abscissa x when viewed from the front
side.
[0043] Hence, the s-axis of the third retardation film
19 is almost parallel to the absorption axis 11a of the
front polarizer 11 adjacent to the third retardation film 19
and also parallel or perpendicular to the aligning treat-
ment direction 2a of the front substrate 2. The refractive
indices ns, nf, and nz in the directions of s-, f-, and z-
axes of the third retardation film 19 have a following re-
lationship.

[0044] The refractive index anisotropy (ns - nf) in the
film plane is equal to or larger than the refractive index
anisotropy (ns - nz) in the direction of film thickness.
[0045] The third retardation film 19 has retardation
corresponding to a product ∆nd of a birefringence index
∆n and thickness d of the liquid crystal layer 9 of the
liquid crystal cell 1. In this embodiment, when the value
∆nd of the liquid crystal cell 1 falls within the range of
300 to 500 nm, and the thickness of the third retardation
film 19 is represented by d', it has retardation with which

a value (ns - nf)d' falls within the range of 250 to
450 nm, and

a value (ns - nz)d' falls within the range of 70 to
450 nm.
[0046] The liquid crystal display having the above ar-
rangement can obtain high-contrast display at a wide
viewing angle because the first and second retardation
films 13 and 14 having negative optical anisotropy with
which the refractive index is minimized in the axial di-
rection N tilted in a predetermined direction with respect
to the normal line to the film plane are inserted between
the liquid crystal cell 1 and the front polarizer 11 and
between the liquid crystal cell 1 and the rear polarizer
12, respectively, such that the axial direction N in which
the refractive index is minimized is directed in a prede-
termined direction, and the third retardation film 19 is
inserted between the first retardation film 13 and the ad-
jacent front polarizer 11.
[0047] More specifically, in the conventional TN-type
liquid crystal display, when no voltage is applied to two
electrodes sandwiching the liquid crystal layer, light in-
cident on the liquid crystal layer of the liquid crystal cell
through the incident-side polarizer changes its retarda-
tion in the liquid crystal layer depending on the incident
angle, so the transmittance changes depending on the
direction of light incidence.
[0048] When a voltage is applied to two electrodes
sandwiching the liquid crystal layer, the liquid crystal
molecules in the intermediate portion of the liquid crystal
layer align themselves in the direction of voltage appli-
cation though the liquid crystal molecules near a sub-
strate do not completely align themselves in the direc-

0 < (ns - nz)/(ns - nf) % 1

tion of voltage application. For this reason, retardation
remains due to the influence of the liquid crystal mole-
cules near the substrate, which are aligned parallel or
oblique to the substrate. Due to this residual retardation,
the transmittance cannot be made sufficiently low, and
the contrast becomes low even when the voltage is ap-
plied.
[0049] To the contrary, in the liquid crystal display of
this embodiment, the first and second retardation films
13 and 14 are inserted between the liquid crystal cell 1
and the front and rear polarizers 11 and 12, respectively,
such that the direction components along the film planes
in the axial directions N, in which the refractive indices
are minimized, are set along the aligning treatment di-
rections 2a and 3a of the substrates 2 and 3, respec-
tively. In addition, the third retardation film 19 is inserted
between the front polarizer 11 and the first retardation
film 13 such that the direction (s-axis) which has refrac-
tive index anisotropy in the film plane and in which the
refractive index in the film plane is maximized becomes
parallel to the absorption axis 11a of the front polarizer
11. For this reason, the retardation difference generated
by the difference in incident angle of light that becomes
incident obliquely with respect to the normal direction to
the liquid crystal display and passes through the liquid
crystal layer 9, and residual retardation generated in the
liquid crystal molecules near the substrates 2 and 3 of
the liquid crystal layer 9 when a voltage is applied to the
electrodes 5 and 6 sandwiching the liquid crystal layer
9 can be compensated.
[0050] Light passing through the liquid crystal display
when no voltage is applied to the electrodes 5 and 6
sandwiching the liquid crystal layer 9 will be described.
[0051] Light incident from the normal direction to the
liquid crystal display passes through the rear polarizer
12. The light passes through the second retardation film
14 while oscillating in a direction perpendicular to the
direction component along the film plane in the axial di-
rection N in which the refractive index is minimized. The
light also passes through the liquid crystal layer 9 with
twist alignment while changing the oscillation direction
by almost 90°. The oscillation direction is perpendicular
to the aligning treatment direction 2a of the front sub-
strate 2. Then, the light passes through the first retar-
dation film 13 while oscillating in a direction perpendic-
ular to the direction component along the film plane in
the axial direction N in which the refractive index is min-
imized, and emerges from the first retardation film 13.
The polarized light becomes incident on the third retar-
dation film 19 almost perpendicularly to the s-axis par-
allel to the aligning treatment direction 2a. The light in
the linearly polarized state passes through the third re-
tardation film 19 without changing the oscillation direc-
tion. The light finally passes through the front polarizer
11 having the absorption axis 11a parallel to the s-axis
and emerges from the liquid crystal display.
[0052] Light incident obliquely with respect to the nor-
mal direction of the liquid crystal display emerges from
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the liquid crystal layer 9 while obtaining retardation dif-
ferent from that of light incident from the normal direction
because the apparent thickness of the liquid crystal lay-
er 9 changes during passage through the layer. Then,
the light passes through the first retardation film 13 and
becomes incident on the third retardation film along the
s-axis. Light incident on the third retardation film while
oscillating in a direction neither parallel nor perpendic-
ular to the s-axis is affected by refractive index anisot-
ropy (ns - nf) of the film plane of the third retardation
film. For this reason, the retardation difference between
the incident light and light incident from the normal di-
rection is canceled by the refractive index anisotropy, so
the light passes through the front polarizer 11.
[0053] Light passing through the liquid crystal display
when a voltage is applied to the electrodes 5 and 6 sand-
wiching the liquid crystal layer 9 will be described. Light
incident on the liquid crystal display from the normal di-
rection passes through the rear polarizer 12. The light
passes through the second retardation film 14 while os-
cillating in a direction perpendicular to the direction com-
ponent along the film plane in the axial direction N in
which the refractive index is minimized.
[0054] For the light incident on the liquid crystal cell
1, residual retardation generated by liquid crystal mole-
cules aligned along the inner surface of the substrate 3
in the liquid crystal layer 9 near the substrate 3 is com-
pensated by the second retardation film whose direction
component along the film plane in the axial direction N
is parallel to the aligning treatment direction 3a. The light
passes through liquid crystal molecules at the interme-
diate portion of the liquid crystal layer 9, which are
aligned in the direction of voltage application, without
changing the oscillation direction. Residual retardation
generated by liquid crystal molecules aligned along the
inner surface of the substrate 2 in the liquid crystal layer
9 near the substrate 2 is compensated by the first retar-
dation film 13 arranged in front of the liquid crystal cell
1, whose direction component along the film plane in the
axial direction N is parallel to the aligning treatment di-
rection 2a.
[0055] Hence, the light incident on the liquid crystal
display from the normal direction becomes polarized
light that propagates through the portion between the
second retardation film 14 and the first retardation film
13 without changing its oscillation direction perpendic-
ular to the absorption axis 12a of the rear polarizer 12.
The polarized light becomes incident on the third retar-
dation film, whose s-axis is arranged parallel to the
aligning treatment direction 2a, almost perpendicularly
to the s-axis. The polarized light in the linear polarized
state passes through the third retardation film without
changing the oscillation direction, i.e., with an oscillation
component perpendicular to the absorption axis 12a of
the rear polarizer 12. The polarized light is absorbed by
the absorption axis 11a of the front polarizer 11, which
is perpendicular to the absorption axis 12a of the rear
polarizer 12.

[0056] As in the above-described case wherein no
voltage is applied to the electrodes sandwiching the liq-
uid crystal layer 9, for light incident obliquely with re-
spect to the normal direction to the liquid crystal display,
the difference between retardation generated in ob-
liquely passing through the liquid crystal layer 9 and that
in passing in the normal direction is compensated by the
third retardation film 19. For this reason, the light inci-
dent on the second retardation film 14 can emerge from
the third retardation film 19 with almost no change in
oscillation direction and is absorbed by the absorption
axis 11a of the front polarizer 11, which is perpendicular
to the absorption axis 12a of the rear polarizer 12.
[0057] Hence, when a voltage is applied to the elec-
trodes 5 and 6 sandwiching the liquid crystal layer 9, for
light incident on the liquid crystal display, residual retar-
dation generated in the liquid crystal molecules in the
liquid crystal layer 9 near the substrates 2 and 3 is com-
pensated by the first and second retardation films 13
and 14, i.e., the internal discotic liquid crystal layers 18.
In addition, the retardation difference caused by the dif-
ference in incident angle is compensated by the third
retardation film. For this reason, sufficiently black dis-
play with low transmittance can be obtained independ-
ently of the incident angle of light.
[0058] Since the first and second retardation films 13
and 14 are formed by aligning the discotic liquid crystal
molecules 18, the refractive index anisotropy of the
component perpendicular to the film plane direction is
small. For this reason, the first and second retardation
films 13 and 14 can compensate only residual retarda-
tion generated near the substrates 2 and 3 of the liquid
crystal layer 9 without generating any retardation to
compensate the retardation generated in accordance
with the incident angle when the light obliquely passes
through the liquid crystal layer 9.
[0059] The retardation difference due to the differ-
ence in incident angle can be compensated independ-
ently of whether the s-axis of the third retardation film
19 is set parallel or perpendicular to the absorption axis
11a of the front polarizer 11 and the aligning treatment
direction 2a. In any case, the retardation difference due
to the difference in incident angle of light is compensat-
ed by the refractive index anisotropy (ns - nf) of the film
plane.
[0060] In the third retardation film 19 used in this em-
bodiment, the refractive indices ns, nf, and nz in the di-
rections of s-, f-, and z-axes have the following relation-
ship.

[0061] Since the refractive index anisotropy (ns - nf)
in the film plane is equal to or larger than the refractive
index anisotropy (ns - nz) of the section in the direction
of film thickness, light incident in a direction neither par-
allel nor perpendicular to the s-axis can be elliptically

0 < (ns - nz)/(ns - nf) % 1
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polarized. For this reason, the retardation difference can
be compensated by the third retardation film 19, and the
viewing angle range can be made sufficiently wide.
[0062] As described above, when the value ∆nd of the
liquid crystal cell 1 falls within, e.g., the range of 300 to
500 nm, a third retardation film 19 having retardation
with which

the value (ns - nf)d' falls within the range of 250 to
450 nm, and

the value (ns - nz)d' falls within the range of 70 to
450 nm

is preferably used. When a third retardation film
19 with such characteristics is used, the viewing angle
range can be made sufficiently wide, and high-contrast
display with satisfactory color appearance and almost
no stripe colors can be obtained.
[0063] FIGS. 4 to 15 are views showing measurement
data of the viewing angle range of the liquid crystal dis-
play of this embodiment. FIG. 16 is a view showing the
measurement data of the viewing angle range of a liquid
crystal display as a comparative example having no
third retardation film. These figures show the viewing
angle ranges in which display with contrast CR of 20 or
more can be observed.
[0064] Referring to FIGS. 4 to 15 and 16, a plurality
of concentric circles indicated by broken lines represent
observation angles of 20°, 40°, 60°, and 80° with re-
spect to the normal line (0°) to the screen of the liquid
crystal display. Angles at the outer periphery represent
the display observation directions, in which 0° indicates
the right of the screen in the horizontal direction, 90°
indicates the upper side of the screen in the vertical di-
rection, 180° indicates the left of the screen in the hor-
izontal direction, and 270° indicates the lower side of
the screen in the vertical direction.
[0065] In these measurement data, the characteris-
tics of the third retardation film 19, the layout directions
of the third retardation film 19 with respect to the absorp-
tion axis 11a of the front polarizer 11, and the viewing
angle ranges (vertical and horizontal angle ranges of the
screen in which the contrast CR of 20 or more can be
obtained) are as follows.

Mode 1

[0066]

· In Mode 1, the third retardation film 19 has following
characteristics.

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 260 nm,

(ns - nz)d' = 260 nm,

The s-axis was arranged to be parallel to the absorption
axis 11a of the front polarizer 11.
[0067] As shown in FIG. 4, the viewing angle ranges
in Mode 1 are 40° (upper) to 50° (lower), and 46° (left)
to 50° (right).

Mode 2

[0068]

· In Mode 2, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0069] As shown in FIG. 5, the viewing angle ranges
in Mode 2 are 30° (upper) to 50° (lower), and 50° (left)
to 50° (right).

Mode 3

[0070]

· In Mode 3, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be parallel to the absorption
axis 11a of the front polarizer 11.
[0071] As shown in FIG. 6, the viewing angle ranges
in Mode 3 are 36° (upper) to 58° (lower), and 60° (left)
to 50° (right).

Mode 4

[0072]

· In Mode 4, the third retardation film 19 has following
characteristics.

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 260 nm,

(ns - nz)d' = 260 nm,

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 350 nm,

(ns - nz)d' = 350 nm,
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The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0073] As shown in FIG. 7, the viewing angle ranges
in Mode 4 are 40° (upper) to 50° (lower), and 80° (left)
to 50° (right).

Mode 5

[0074]

· In Mode 5, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be parallel to the absorption
axis 11a of the front polarizer 11.
[0075] As shown in FIG. 8, the viewing angle ranges
in Mode 5 are 30° (upper) to 54° (lower), and 52° (left)
to 46° (right).

Mode 6

[0076]

· In Mode 6, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0077] As shown in FIG. 9, the viewing angle ranges
in Mode 6 are 45° (upper) to 45° (lower), and 80° (left)
to 60° (right).

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 350 nm,

(ns - nz)d' = 350 nm,

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 440 nm,

(ns - nz)d' = 440 nm,

(ns - nz)/(ns - nf) = 1,

(ns - nf)d' = 440 nm,

(ns - nz)d' = 440 nm,

Mode 7

[0078]

· In Mode 7, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be parallel to the ab-
sorption axis 11a of the front polarizer 11.

[0079] As shown in FIG. 10, the viewing angle ranges
in Mode 7 are 38° (upper) to 60° (lower), and 80° (left)
to 54° (right).

Mode 8

[0080]

· In Mode 8, the third retardation film 19 has following
characteristics.

The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0081] As shown in FIG. 11, the viewing angle ranges
in Mode 8 are 38° (upper) to 60° (lower), and 80° (left)
to 58° (right).

Mode 9

[0082]

· In Mode 9, the third retardation film 19 has following
characteristics.

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 205 nm,

(ns - nz)d' = 80 nm,

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 205 nm,

(ns - nz)d' = 80 nm,

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 350 nm,
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The s-axis was arranged to be parallel to the absorption
axis 11a of the front polarizer 11.
[0083] As shown in FIG. 12, the viewing angle ranges
in Mode 9 are 30° (upper) to 50° (lower), and 50° (left)
to 50° (right).

Mode 10

[0084]

· In Mode 10, the third retardation film 19 has follow-
ing characteristics.

The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0085] As shown in FIG. 13, the viewing angle ranges
in Mode 10 are 58° (upper) to 36° (lower), and 65° (left)
to 80° (right).

Mode 11

[0086]

· In Mode 11, the third retardation film 19 has follow-
ing characteristics.

The s-axis was arranged to be parallel to the absorption
axis 11a of the front polarizer 11.
[0087] As shown in FIG. 14, the viewing angle ranges
in Mode 11 are 28° (upper) to 38° (lower), and 48° (left)
to 44° (right).

Mode 12

[0088]

· In Mode 12, the third retardation film 19 has follow-

(ns - nz)d' = 105 nm,

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 350 nm,

(ns - nz)d' = 105 nm,

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 420 nm,

(ns - nz)d' = 126 nm,

ing characteristics

The s-axis was arranged to be perpendicular to the ab-
sorption axis 11a of the front polarizer 11.
[0089] As shown in FIG. 15, the viewing angle ranges
in Mode 12 are 56° (upper) to 34° (lower), and 70° (left)
to 80° (right).
[0090] In the comparative apparatus shown in FIG.
16, the vertical and horizontal viewing angle ranges of
the screen in which the contrast CR of 20 or more can
be obtained are 40° (upper) to 40° (lower), and 44° (left)
to 46° (right), as shown in FIG. 16. However, in each of
the liquid crystal displays in the above modes, which has
the third retardation film 19 of the first embodiment, for
the vertical and horizontal viewing angle ranges of the
screen in which the contrast CR of 20 or more can be
obtained, the horizontal viewing angles of the screens
are wider as compared to the comparative apparatus.
[0091] Generally, a liquid crystal display is mainly re-
quired to have a wide horizontal viewing angle. Each of
the liquid crystal displays in Modes 1 to 12 of the first
embodiment, which has the third retardation film 19 in
addition to the first and second retardation films 13 and
14, has a sufficiently wide horizontal viewing angle.
[0092] In each of the liquid crystal displays in Modes
1 to 12, the color appearance of display has a very small
chromaticity shift from the achromatic color point on the
CIE chromaticity diagram. Hence, high-contrast display
with satisfactory tincture and almost no color tinge can
be obtained.
[0093] That is, as in the liquid crystal display of this
embodiment, a liquid crystal display in which the align-
ing treatment directions 2a and 3a of the front and rear
substrates 2 and 3 of the liquid crystal cell 1 are shifted
by about 45° with respect to the abscissa x of the screen,
and the liquid crystal molecules in the liquid crystal cell
1 are twisted at a twist angle of about 90° between the
substrates 2 and 3.
[0094] Where the direction components of the first
and second retardation films 13 and 14 along the film
planes in the axial directions N are almost parallel to the
aligning treatment directions 2a and 3a, the absorption
axis 11a of the front polarizer 11 is almost parallel to the
aligning treatment direction 2a, the absorption axis 12a
of the rear polarizer 12 is almost parallel to the aligning
treatment direction 3a, the third retardation film 19 is laid
out such that the direction (s-axis) which has refractive
index anisotropy in the film plane and in which the re-
fractive index in the film plane is maximized becomes

(ns - nz)/(ns - nf) = 0.3,

(ns - nf)d' = 420 nm,

(ns - nz)d' = 126 nm,
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almost parallel or perpendicular to the absorption axis
11a of the adjacent front polarizer 11, the refractive in-
dices ns, nf, and nz in the directions of s-, f-, and z-axes
of the third retardation film 19 have

the relationship 0 < (ns - nz)/(ns - nf) % 1,
the value ∆nd of the liquid crystal cell 1 falls within, e.g.,
300 to 500 nm, and the third retardation film 19 has re-
tardation with which

the value (ns - nf)d' falls within the range of 250 to
450 nm, and

the value (ns - nz)d' falls within the range of 70 to
450 nm,

at least the horizontal viewing angle of the screen
can be made sufficiently wide, and high-contrast display
with satisfactory tincture and almost no color tinge can
be obtained.
[0095] The cases (Modes 1, 3, 5, 7, 9, and 11) wherein
the s-axis is set parallel to the absorption axis 11a of the
front polarizer 11 using the third retardation films 19 hav-
ing the same characteristics and the cases (Modes 2,
4, 6, 8, 10, and 12) wherein the s-axis is set perpendic-
ular to the absorption axis 11a of the front polarizer 11
will be compared. As is apparent from comparison be-
tween FIGS. 4 and 5, FIGS. 6 and 7, FIGS. 8 and 9,
FIGS. 10 and 11, FIGS. 12 and 13, and FIGS. 14 and
15 in association with the viewing angle ranges of the
liquid crystal displays, if the retardation characteristic is
the same, the viewing angle range tends to be wide
when the s-axis is set perpendicular to the absorption
axis 11a of the front polarizer 11.
[0096] The viewing angle characteristics in Modes 1
to 12 will be compared. Especially, in Mode 3 shown in
FIG. 6, Mode 4 shown in FIG. 7, Mode 6 shown in FIG.
9, Mode 7 shown in FIG. 10, Mode 8 shown in FIG. 11,
Mode 10 shown in FIG. 13, and Mode 12 shown in FIG.
15, the horizontal viewing angle is wider than that of the
comparative apparatus having no third retardation film
19, and the vertical viewing angle is also sufficiently
wide. For the horizontal viewing angle, the characteris-
tics shown in FIG. 11 (Mode 8), FIG. 13 (Mode 10), and
FIG. 15 (Mode 12) are excellent. Especially, the charac-
teristic shown in FIG. 13 (Mode 10) is most satisfactory.
[0097] That is, preferable modes are Modes 3, 4, 6,
7, 8, 10, and 12. More preferable modes are Modes 8,
10, and 12. A much more preferable mode is Mode 10.
[0098] Preferable Modes 3, 4, 6, 7, 8, 10, and 12 will
be applied to the characteristics of the third retardation
film 19. When the s-axis in which the refractive index in
the film plane is maximized is set almost parallel to the
absorption axis 11a of the adjacent front polarizer 11, a
uniaxial retardation film that satisfies (ns - nz)/(ns - nf)
= 1 and has values (nd - nf)d' and (ns - nz)d' close to
350 nm, as in Mode 3, is preferably used as the third
retardation film 19.
[0099] When the s-axis is set almost perpendicular to
the absorption axis 11a of the adjacent front polarizer
11, a uniaxial retardation film that satisfies (ns - nz)/(ns
- nf) = 1 and has values (nd - nf)d' and (ns - nz)d' close

to 350 to 440 nm, as in Modes 4 and 6, is preferably
used as the third retardation film 19.
[0100] In Modes 7, 8, 10, and 12, a biaxial retardation
film that satisfies (ns - nz)/(ns - nf) = 0.3 and has a value
(nd - nf)d' close to 265 to 420 nm and a value (ns - nz)
d' close to 80 to 126 nm is preferably used.
[0101] In more preferable Modes 8, 10, and 12 of
these preferable modes, a biaxial retardation film that
has the s-axis set almost perpendicular to the absorp-
tion axis 11a of the front polarizer 11, satisfies (ns - nz)
/(ns - nf) = 0.3, and has retardation with which the value
(nd - nf)d' is close to 265 to 420 nm and the value (ns -
nz)d' is close to 80 to 126 nm, and more preferably, the
value (nd - nf)d' is close to 350 nm and the value (ns -
nz)d' is close to 105 nm is used as the third retardation
film 19.
[0102] The liquid crystal cell 1 used in the above em-
bodiment employs the active matrix scheme. However,
the liquid crystal cell 1 may employ a simple matrix
scheme in which a plurality of scan electrodes along the
row direction are formed on the inner surface of one of
the pair of substrates 2 and 3, and a plurality of signal
electrodes along the column direction are formed on the
inner surface of the other substrate. The liquid crystal
cell 1 may display either a monochrome image or a mul-
ti-color image by using color filters of a plurality of colors,
for example, three colors (red, green, and blue) in cor-
respondence with the plurality of pixel regions.
[0103] The liquid crystal display of the above embod-
iment is a TN-type liquid crystal display in which the liq-
uid crystal molecules of the liquid crystal cell 1 are
aligned at a twist angle of about 90°. However, the
present invention can also be applied to, e.g., an STN-
type liquid crystal display in which liquid crystal mole-
cules are aligned at a twist angle of 180° to 270° (nor-
mally 220° to 250°), or homogeneous liquid crystal dis-
play. In this case as well, the first and second retardation
films are inserted between the liquid crystal cell and the
rear and front polarizers, the axial directions are set
along the aligning treatment directions of the substrates,
and the third retardation film 19 whose refractive indices
along the s-, f-, and z-axes have the relationship ns >
nz ^ nf is inserted between at least one of the first and
second retardation film and the adjacent polarizer
whereby the residual retardation generated near the
substrates in the liquid crystal layer and the retardation
difference generated in the liquid crystal layer by the dif-
ference in incident angle when light becomes obliquely
incident can be compensated.

[Second Embodiment]

[0104] FIG. 17 is an exploded perspective view show-
ing a liquid crystal display according to the second em-
bodiment of the present invention. In this embodiment,
a third retardation film 19' is inserted between a second
retardation film 14 and an adjacent rear polarizer 12.
This liquid crystal display is different from that of the first
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embodiment only in the insertion position of the third re-
tardation film 19'. The same reference numerals as in
the first embodiment denote the same parts in the sec-
ond embodiment, and a detailed description thereof will
be omitted.
[0105] In the liquid crystal display of the second em-
bodiment, aligning treatment directions 2a and 3a of
front substrate 2 and rear substrate 3 of a liquid crystal
cell 1, the twist angle of liquid crystal molecules, axial
directions N in which the refractive indices of first retar-
dation film 13 and second retardation film 14 are mini-
mized, and the directions of absorption axes 11a and
12a of front polarizer 11 and rear polarizer 12 are the
same as in the first embodiment.
[0106] The third retardation film 19' inserted between
the second retardation film 14 and the rear polarizer 12
has a direction which has refractive index anisotropy in
the film plane and in which the refractive index in the
film plane is maximized. The direction in which the re-
fractive index in the film plane is maximized is set almost
parallel or perpendicular to the absorption axis 12a of
the adjacent rear polarizer 12.
[0107] In this embodiment as well, for the third retar-
dation film 19', refractive indices ns, nf, and nz of the s-
axis along which the refractive index in the film plane is
maximized, the f-axis perpendicular to the s-axis in the
film plane, and the z-axis in the normal direction to the
film plane have a relationship ns > nz ^ nf, and prefer-
ably,

[0108] In the liquid crystal display of this embodiment,
the first and second retardation films 13 and 14 are ar-
ranged on the front and rear sides of the liquid crystal
cell 1, respectively. In addition, the front polarizer 11 and
rear polarizer 12 are arranged outside the first and sec-
ond retardation films 13 and 14. The third retardation
film 19' is inserted between the second retardation film
14 and the rear polarizer 12.
[0109] Incoming light on this liquid crystal display
passes through the rear polarizer 12. Then, polarized
light oscillating in a direction perpendicular to the ab-
sorption axis of the polarizer 12 enters the third retarda-
tion film 19' at an angle corresponding to the s-axis
along which the refractive index in the film plane is max-
imized and the incident angle with respect to the normal
line to the liquid crystal display. When light comes from
the normal direction to the liquid crystal display, the os-
cillation direction of the polarized light is perpendicular
to the s-axis, so the light passes through the third retar-
dation film without changing the oscillation direction. As
the incident angle with respect to the normal direction
becomes large, the shift from the state in which the os-
cillation direction of the polarized light is perpendicular
to the s-axis becomes large. Hence, elliptically polarized
light is incident on the third retardation film 19' and

0 < (ns - nz)/(ns - nf) % 1.

emerges therefrom while having a retardation difference
corresponding to the incident angle. A retardation differ-
ence newly generated when the light passes through a
liquid crystal layer 9 at the same incident angle can be
compensated by the retardation difference generated
when the light passes through the third retardation film
19'. For this reason, when no voltage is applied to the
electrodes sandwiching the liquid crystal layer 9, high
transmittance can be obtained independently of the in-
cident angle.
[0110] In addition, like the liquid crystal display of the
first embodiment, the residual retardation due to the liq-
uid crystal molecules near the substrates 2 and 3 of the
liquid crystal layer 9 is compensated by the first and sec-
ond retardation films 13 and 14. When a voltage is ap-
plied to the liquid crystal layer 9, the light that has
passed through the rear polarizer 12 oscillates in a di-
rection parallel to the absorption axis 11a of the front
polarizer 11 and therefore is absorbed by the absorption
axis 11a. For this reason, black display with low trans-
mittance can be obtained.
[0111] Hence, in this liquid crystal display, display with
high transmittance can be obtained independently of the
incident angle of light when no voltage is applied to the
electrodes sandwiching the liquid crystal layer, and dis-
play with low transmittance can be obtained when a volt-
age is applied to the electrodes sandwiching the liquid
crystal layer, so high-contrast display can be realized in
a wide viewing angle range.

[Third Embodiment]

[0112] FIG. 18 is an exploded perspective view show-
ing a liquid crystal display according to the third embod-
iment of the present invention. In this embodiment, third
retardation films 19 and 19' are respectively inserted be-
tween a first retardation film 13 and a front polarizer 11
and between a second retardation film 14 and a rear
polarizer 12. This liquid crystal display is different from
that of the first embodiment only in the insertion position
of the third retardation film 19'. The same reference nu-
merals as in the first embodiment denote the same parts
in the third embodiment, and a detailed description
thereof will be omitted.
[0113] In the liquid crystal display of the third embod-
iment, aligning treatment directions 2a and 3a of front
substrate 2 and rear substrate 3 of a liquid crystal cell
1, the twist angle of liquid crystal molecules, axial direc-
tions N in which the refractive indices of the first retar-
dation film 13 and second retardation film 14 are mini-
mized, and the directions of absorption axes 11a and
12a of front polarizer 11 and rear polarizer 12 are the
same as in the first embodiment.
[0114] The third retardation film 19 inserted between
the first retardation film 13 and the front polarizer 11 is
arranged such that the direction which has refractive in-
dex anisotropy in the film plane and in which the refrac-
tive index in the film plane is maximized is set almost
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parallel or perpendicular to the absorption axis 11a of
the adjacent front polarizer 11.
[0115] The third retardation film 19' inserted between
the second retardation film 14 and the rear polarizer 12
is arranged such that the direction which has refractive
index anisotropy in the film plane and in which the re-
fractive index in the film plane is maximized is set almost
parallel or perpendicular to the absorption axis 12a of
the adjacent rear polarizer 12.
[0116] In this embodiment as well, for each of the third
retardation films 19 and 19', refractive indices ns, nf, and
nz of the s-axis along which the refractive index in the
film plane is maximized, the f-axis perpendicular to the
s-axis in the film plane, and the z-axis in the normal di-
rection to the film plane have a relationship ns > nz ^

nf, and preferably, 0 < (ns - nz)/(ns - nf) % 1.
[0117] In the liquid crystal display of this embodiment,
the first and second retardation films 13 and 14 are ar-
ranged on the front and rear sides of the liquid crystal
cell 1, respectively. In addition, the front polarizer 11 and
rear polarizer 12 are arranged outside the first and sec-
ond retardation films 13 and 14. The third retardation
film 19 is inserted between the first retardation film 13
and the front polarizer 11. The third retardation film 19'
is inserted between the second retardation film 14 and
the rear polarizer 12. Hence, like the liquid crystal dis-
play of the first embodiment, the residual retardation due
to the liquid crystal molecules near the substrates 2 and
3 of a liquid crystal layer 9 is compensated by the first
and second retardation films 13 and 14. when a voltage
is applied to the electrodes sandwiching the liquid crys-
tal layer 9, light that has passed through the rear polar-
izer 12 oscillates in a direction parallel to the absorption
axis 11a of the front polarizer 11 and therefore is ab-
sorbed by the absorption axis 11a. For this reason, black
display with low transmittance can be obtained.
[0118] For this liquid crystal display, the refractive in-
dices in the ns, nf, and nz-axis directions and film thick-
ness d' of each of the third retardation films 19 and 19'
are set such that the retardation difference generated in
correspondence with the incident angle from the normal
direction to the liquid crystal display when light passes
through the liquid crystal layer 9 is compensated by the
retardation difference generated when the light passes
through a corresponding one of the third retardation
films 19 and 19' located in front and rear sides of the
liquid crystal cell 1. With this arrangement, when a volt-
age is applied to electrodes 5 and 6 sandwiching the
liquid crystal layer 9, display with high transmittance can
be obtained independently of the incident angle of light.
[0119] More specifically, light incident on this liquid
crystal display passes through the rear polarizer 12.
Then, polarized light oscillating in a direction perpendic-
ular to the absorption axis of the polarizer 12 becomes
incident on the third retardation film 19' at an angle cor-
responding to the s-axis and the incident angle. When
light arrives from the normal direction to the liquid crystal
display, the oscillation direction of the polarized light is

perpendicular to the s-axis, so the light passes through
the third retardation film without changing the oscillation
direction. As the incident angle with respect to the nor-
mal direction becomes large, the shift from the state in
which the oscillation direction of the polarized light is
perpendicular to the s-axis becomes large. Hence, el-
liptically polarized light is incident on the third retarda-
tion film 19' and emerges therefrom while having a re-
tardation difference corresponding to the incident angle.
[0120] A retardation difference generated in corre-
spondence with the incident angle with respect to the
normal direction when light passes through the liquid
crystal layer 9 is compensated by the retardation differ-
ence generated when the light passes through the third
retardation film 19' obliquely with respect to the normal
direction and that generated by the elliptically polarized
light when the light passes through the third retardation
film 19 arranged on the front side of the liquid crystal
cell 1, as described for the liquid crystal display of the
first embodiment.
[0121] Hence, in this liquid crystal display, display with
high transmittance can be obtained independently of the
incident angle of light when no voltage is applied to the
electrodes 5 and 6 sandwiching the liquid crystal layer
9, and display with low transmittance can be obtained
when a voltage is applied to the electrodes 5 and 6 sand-
wiching the liquid crystal layer 9, so high-contrast dis-
play can be realized in a wide viewing angle range.

Claims

1. A liquid crystal display comprising:

a liquid crystal cell having alignment films
formed on inner surfaces of a pair of front and
rear substrates opposing each other, respec-
tively, so as to be aligned in predetermined di-
rections, and a liquid crystal layer placed be-
tween the pair of substrates;

a pair of polarizers, one polarizer being ar-
ranged on the front side, also called observa-
tion side, of said liquid crystal cell, and the other
polarizer on the rear side, also called opposing
side, wherein each polarizer has an absorption
axis making a predetermined angle with the
aligning treatment direction of the alignment
film formed on the corresponding adjacent sub-
strate;

a first planar retardation film inserted between
said liquid crystal cell and said polarizer on the
front side of said liquid crystal cell so as to have
an axial direction, in which the refractive index
is minimized, in a direction tilted in a predeter-
mined direction with respect to the normal line
to the film plane of the first retardation film, and
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so that a direction component of the axial direc-
tion in the film plane is set along the direction
of the aligning treatment of the alignment film
formed on the substrate on the front side of said
liquid crystal cell;

a second planar retardation film inserted be-
tween said liquid crystal cell and said polarizer
on the rear side of said liquid crystal cell so as
to have an axial direction, in which the refrac-
tive index is minimized, in a direction tilted in a
predetermined direction with respect to the nor-
mal line to the film plane of the second retarda-
tion film, and so that a direction component of
the axial direction in the film plane is set along
the direction of the aligning treatment of the
alignment film formed on the substrate on the
rear side of said liquid crystal cell; and

one or two third retardation films having refrac-
tive index anisotropy in the film plane, said third
retardation film/films being arranged in a posi-
tion between said first retardation film and the
front polarizer or/and a position between said
second retardation film and said rear polarizer,
so that the direction in which the refractive in-
dex in the film plane is maximized is substan-
tially parallel or perpendicular to the absorption
axis of said adjacent polarizer.

2. A display according to claim 1, characterized in
that each of said first and second retardation films
comprises a discotic liquid crystal layer in which liq-
uid crystal molecules are aligned to gradually rise
from an aligned state along one surface, from the
one surface toward the other surface of said film,
and has the axial direction, in which the refractive
index is minimized, in a direction along an average
molecular axis direction of discotic liquid crystal
molecules in an intermediate direction in a direction
of thickness of said discotic liquid crystal layer, and
the direction component of the axial direction in the
film plane of each of said first and second retarda-
tion films is set parallel to the direction of the align-
ing treatment of the corresponding adjacent sub-
strate.

3. A display according to claim 2, characterized in
that
said liquid crystal cell in which the direction of align-
ing treatment of the alignment film formed on the
front substrate is perpendicular to that of the align-
ment film formed on the rear substrate has the twist-
ed liquid crystal layer sandwiched by the substrate,
said pair of polarizers have the absorption axes par-
allel to the direction of aligning treatment of the
alignment films formed on the adjacent substrates
of said liquid crystal cell; and

each third retardation film has the direction in which
the refractive index is maximized in substantially
parallel to the absorption axis of said adjacent po-
larizer.

4. A display according to claim 3, comprising one third
retardation film which is arranged between said
front polarizer and said first retardation film.

5. A display according to claim 3, comprising one third
retardation film which is arranged between said rear
polarizer and said second retardation film.

6. A display according to claim 3, comprising two third
retardation films which are respectively arranged
between said front polarizer and said first retarda-
tion film and between said rear polarizer and said
second retardation film.

7. A display according to claim 3, characterized in
that for each third retardation film, if an s-axis rep-
resents the direction in which the refractive index is
maximized in the film plane of each third retardation
film, an f-axis represents a direction perpendicular
to the s-axis in the film plane, and a z-axis repre-
sents a normal direction to the film plane, letting ns
be a refractive index along the s-axis, nf be a refrac-
tive index along the f-axis, and nz be a refractive
index along the z-axis, the refractive indices satisfy
a relationship 0 < (ns - nz)/(ns - nf) ≤ 1.

8. A display according to claim 7, characterized in
that a value of a product ∆nd of a birefringence in-
dex and liquid crystal layer thickness d of said liquid
crystal cell falls within a range of 300 to 500 nm,
and letting d' be a thickness of each third retardation
film, each third retardation film has retardation with
which
a value (ns - nf).d' falls within a range of 250 to 450
nm, and
a value (ns - nz).d' falls within a range of 70 to 450
nm.

9. A display according to claim 2, characterized in
that
said liquid crystal cell in which the direction of align-
ing treatment of the alignment film formed on the
front substrate is perpendicular to that of the align-
ment film formed on the rear substrate has the twist-
ed liquid crystal layer sandwiched by the substrate,
said pair of polarizers have the absorption axes par-
allel to the direction of aligning treatment of the
alignment films formed on the adjacent substrates
of said liquid crystal cell; and
each third retardation film has the direction in which
the refractive index in the film plane is maximized
in substantially perpendicular to the absorption axis
of said adjacent polarizer.
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10. A display according to claim 9, comprising one third
retardation film which is arranged between said
front polarizer and said first retardation film.

11. A display according to claim 9, comprising one third
retardation film which is arranged between said rear
polarizer and said second retardation film.

12. A display according to claim 9, comprising two third
retardation films which are respectively arranged
between said front polarizer and said first retarda-
tion film and between said rear polarizer and said
second retardation film.

13. A display according to claim 9, characterized in
that for each third retardation film, if an s-axis rep-
resents the direction in which the refractive index is
maximized in the film plane, an f-axis represents a
direction perpendicular to the s-axis in the film
plane, and a z-axis represents a normal direction to
the film plane, letting ns be a refractive index along
the s-axis, nf be a refractive index along the f-axis,
and nz be a refractive index along the z-axis, the
refractive indices satisfy a relationship 0 < (ns - nz)
/(ns - nf) ≤ 1.

14. A display according to claim 13, characterized in
that a value of a product ∆nd of a birefringence in-
dex and liquid crystal layer thickness d of said liquid
crystal cell falls within a range of 300 to 500 nm,
and letting d' be a thickness of each third retardation
film, each third retardation film has retardation with
which
a value (ns - nf).d' falls within a range of 250 to 450
nm, and
a value (ns - nz).d' falls within a range of 70 to 450
nm.

Patentansprüche

1. Eine Flüssigkristallanzeigevorrichtung, umfassend:

eine Flüssigkristallzelle mit Ausrichtungsfil-
men, die auf den inneren, sich jeweils gegen-
über liegenden Oberflächen eines Substrat-
paars bestehend aus einem vorderen und ei-
nem hinteren Substrat gebildet sind, um so in
vorbestimmten Richtungen ausgerichtet zu
werden, und einer Flüssigkristallschicht, die
zwischen dem Substratpaar vorgesehen ist;

ein Polarisatorenpaar, wobei ein Polarisator auf
der Vorderseite, auch Beobachtungsseite ge-
nannt, der Flüssigkristallzelle angeordnet ist,
und der andere Polarisator auf der Rückseite,
auch gegenüberliegende Seite genannt, ange-
ordnet ist, und wobei jeder Polarisator eine Ab-

sorptionsachse hat, die mit der Ausrichtungs-
behandlungsrichtung des Ausrichtungsfilmes,
der auf dem entsprechenden angrenzenden
Substrat gebildet ist, einen vorbestimmten Win-
kel bildet;

einen ersten planaren Retardationsfilm, der
zwischen der Flüssigkristallzelle und dem Po-
larisator auf der Vorderseite der Flüssigkristall-
zelle so eingefügt ist, dass eine axiale Rich-
tung, in der der Brechungsindex minimiert ist,
eine Richtung ist, die in einer vorbestimmten
Richtung bezüglich der Normalen zur Filmebe-
ne des ersten Retardationsfilmes verkippt ist,
und dass eine Richtungskomponente der axia-
len Richtung in der Filmebene entlang der Rich-
tung der Ausrichtungsbehandlung des Ausrich-
tungsfilmes, der auf dem Substrat auf der Vor-
derseite der Flüssigkristallzelle gebildet ist, ein-
gestellt ist;

einen zweiten planaren Retardationsfilm, der
zwischen der Flüssigkristallzelle und dem Po-
larisator auf der Rückseite der Flüssigkristall-
zelle so eingefügt ist, dass eine axiale Rich-
tung, in der der Brechungsindex minimiert ist,
eine Richtung ist, die in einer vorbestimmten
Richtung bezüglich der Normalen zur Filmebe-
ne des zweiten Retardationsfilmes verkippt ist,
und dass eine Richtungskomponente der axia-
len Richtung in der Filmebene entlang der Rich-
tung der Ausrichtungsbehandlung des Ausrich-
tungsfilmes, der auf dem Substrat auf der
Rückseite der Flüssigkristallzelle gebildet ist,
eingestellt ist; und

einen dritten Retardationsfilm oder zwei dritte
Retardationsfilme mit einer Brechungsindexa-
nisotropie in der Filmebene, wobei der dritte
Retardationsfilm/die dritten Retardationsfilme
zwischen dem erstem Retardationsfilm und
dem vorderen Polarisator oder/und zwischen
dem zweitem Retardationsfilm und dem hinte-
rem Polarisator vorgesehen ist/sind, so dass
die Richtung, in der der Brechungsindex in der
Filmebene maximiert ist, im wesentlichen par-
allel oder senkrecht zur Absorptionsachse des
angrenzenden Polarisators ist.

2. Eine Anzeigevorrichtung gemäß Anspruch 1, ge-
kennzeichnet dadurch, dass jeder der ersten und
zweiten Retardationsfilme eine diskotische Flüssig-
kristallschicht enthält, in der Flüssigkristallmoleküle
so ausgerichtet sind, dass sie von einem entlang
einer Oberfläche ausgerichteten Zustand von der
einen Oberfläche zur anderen Oberfläche des Fil-
mes allmählich ansteigen, und deren axiale Rich-
tung, in der der Brechungsindex minimiert ist, in
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Richtung einer mittleren Molekülachsenrichtung
der diskotischen Flüssigkristallmoleküle in einer
Zwischenrichtung in einer Dickenrichtung der dis-
kotischen Flüssigkristallschicht ausgerichtet ist,
und wobei die Richtungskomponente der axialen
Richtung in der Filmebene jedes der ersten und
zweiten Retardationsfilme parallel zur Richtung der
Ausrichtungsbehandlung des entsprechenden an-
grenzenden Substrats eingestellt ist.

3. Eine Anzeigevorrichtung gemäß Anspruch 2, ge-
kennzeichnet dadurch, dass
die Flüssigkristallzelle, bei der die Richtung der
Ausrichtungsbehandlung des Ausrichtungsfilmes,
der auf dem vorderen Substrat gebildet ist, senk-
recht zu derjenigen des Ausrichtungsfilmes ist, der
auf dem hinteren Substrat gebildet ist, die verdrehte
Flüssigkristallschicht aufweist, die durch das Sub-
strat eingebettet wird,
die Absorptionsachsen des Polarisatorenpaars
parallel zur Richtung der Ausrichtungsbehandlung
der Ausrichtungsfilme sind, die auf den angrenzen-
den Substraten der Flüssigkristallzelle gebildet
sind; und
bei jedem dritten Retardationsfilm die Richtung, in
der der Brechungsindex maximiert ist, im wesentli-
chen parallel zur Absorptionsachse des angrenzen-
den Polarisators ist.

4. Eine Anzeigevorrichtung gemäß Anspruch 3, wel-
che einen einzigen dritten Retardationsfilm auf-
weist, der zwischen dem vorderen Polarisator und
dem ersten Retardationsfilm angeordnet ist.

5. Eine Anzeigevorrichtung gemäß Anspruch 3, wel-
che einen einzigen dritten Retardationsfilm auf-
weist, der zwischen dem hinteren Polarisator und
dem zweiten Retardationsfilm angeordnet ist.

6. Eine Anzeigevorrichtung gemäß Anspruch 3, wel-
che zwei dritte Retardationsfilme aufweist, die zwi-
schen dem vorderen Polarisator und dem ersten
Retardationsfilm bzw. zwischen dem hinteren Pola-
risator und dem zweiten Retardationsfilm angeord-
net sind.

7. Eine Anzeigevorrichtung gemäß Anspruch 3, da-
durch gekennzeichnet, dass für jeden dritten Re-
tardationsfilm, wenn eine s-Achse die Richtung dar-
stellt, in der der Brechungsindex in der Filmebene
jedes dritten Retardationsfilmes maximiert ist, eine
f-Achse eine Richtung senkrecht zur s-Achse in der
Filmebene darstellt und eine z-Achse eine Norma-
lenrichtung zur Filmebene darstellt, und wenn ns
ein Brechungsindex entlang der s-Achse, nf ein
Brechungsindex entlang der f-Achse und nz ein
Brechungsindex entlang der z-Achse ist, die Bre-
chungsindizes die Beziehung 0 < (ns - nz)/(ns - nf)

≤ 1 erfüllen.

8. Eine Anzeigevorrichtung gemäß Anspruch 7, da-
durch gekennzeichnet, dass ein Wert eines Pro-
duktes ∆nd aus einem Doppelbrechungsindex und
der Flüssigkristallschichtdicke d der Flüssigkristall-
zelle in einen Bereich zwischen 300 und 500 nm
fällt, und, wenn d' eine Dicke jedes dritten Retarda-
tionsfilms ist, jeder dritte Retardationsfilm eine Re-
tardation aufweist, bei der
ein Wert (ns - nf).d' in einen Bereich zwischen 250
bis 450 nm fällt, und
ein Wert (ns - nz).d' in einen Bereich zwischen 70
bis 450 nm fällt.

9. Eine Anzeigevorrichtung gemäß Anspruch 2, ge-
kennzeichnet dadurch, dass
die Flüssigkristallzelle, bei der die Richtung der
Ausrichtungsbehandlung des Ausrichtungsfilmes,
der auf dem vorderen Substrat gebildet ist, senk-
recht zu derjenigen des Ausrichtungsfilmes ist, der
auf dem hinteren Substrat gebildet ist, die verdrehte
Flüssigkristallschicht aufweist, die durch das Sub-
strat eingebettet wird,
die Absorptionsachsen des Polarisatorenpaars
parallel zur Richtung der Ausrichtungsbehandlung
der Ausrichtungsfilme sind, die auf den angrenzen-
den Substraten der Flüssigkristallzelle gebildet
sind; und
bei jedem dritten Retardationsfilm die Richtung, in
der der Brechungsindex maximiert ist, im wesentli-
chen senkrecht zur Absorptionsachse des angren-
zenden Polarisators ist.

10. Eine Anzeigevorrichtung gemäß Anspruch 9, wel-
che einen einzigen dritten Retardationsfilm auf-
weist, der zwischen dem vorderen Polarisator und
dem ersten Retardationsfilm angeordnet ist.

11. Eine Anzeigevorrichtung gemäß Anspruch 9, wel-
che einen einzigen dritten Retardationsfilm auf-
weist, der zwischen dem hinteren Polarisator und
dem zweiten Retardationsfilm angeordnet ist.

12. Eine Anzeigevorrichtung gemäß Anspruch 9, wel-
che zwei dritte Retardationsfilme aufweist, die zwi-
schen dem vorderen Polarisator und dem ersten
Retardationsfilm bzw. zwischen dem hinteren Pola-
risator und dem zweiten Retardationsfilm angeord-
net sind.

13. Eine Anzeigevorrichtung gemäß Anspruch 9, da-
durch gekennzeichnet, dass für jeden dritten Re-
tardationsfilm, wenn eine s-Achse die Richtung dar-
stellt, in der der Brechungsindex in der Filmebene
jedes dritten Retardationsfilmes maximiert ist, eine
f-Achse eine Richtung senkrecht zur s-Achse in der
Filmebene darstellt und eine z-Achse eine Norma-
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lenrichtung zur Filmebene darstellt, und wenn ns
ein Brechungsindex entlang der s-Achse, nf ein
Brechungsindex entlang der f-Achse und nz ein
Brechungsindex entlang der z-Achse ist, die Bre-
chungsindizes die Beziehung 0 < (ns - nz)/(ns - nf)
≤ 1 erfüllen.

14. Eine Anzeigevorrichtung gemäß Anspruch 13, da-
durch gekennzeichnet, dass ein Wert eines Pro-
duktes ∆nd aus einem Doppelbrechungsindex und
der Flüssigkristallschichtdicke d der Flüssigkristall-
zelle in einen Bereich zwischen 300 und 500 nm
fällt, und, wenn d' eine Dicke jedes dritten Retarda-
tionsfilms ist, jeder dritte Retardationsfilm eine Re-
tardation aufweist, bei der
ein Wert (ns - nf).d' in einen Bereich zwischen 250
bis 450 nm fällt, und
ein Wert (ns - nz).d' in einen Bereich zwischen 70
bis 450 nm fällt.

Revendications

1. Dispositif d'affichage à cristal liquide, comprenant :

une cellule de cristal liquide possédant des pel-
licules d'alignement respectivement formées
sur les surfaces internes de deux substrats, l'un
antérieur et l'autre postérieur, mutuellement en
regard de façon à être alignés suivant des di-
rections prédéterminées, et une couche de
cristal liquide placée entre les deux substrats ;
deux polariseurs, un polariseur étant disposé
du côté antérleur, dit aussi côté d'observation,
de ladite cellule de cristal liquide, et l'autre po-
lariseur du côté postérieur, dit aussi côté oppo-
sé, ou chaque polariseur possède un axe d'ab-
sorption qui fait un angle prédéterminé avec la
direction de traitement d'alignement de la pel-
licule d'alignement formée sur le substrat adja-
cent correspondant ;
une première pellicule de retard plane, qui est
insérée entre ladite cellule de cristal liquide et
ledit polarisateur du côté antérieur de ladite cel-
lule de cristal liquide de façon à avoir une di-
rection axiale, dans laquelle l'indice de réfrac-
tion est minimisé, suivant une direction inclinée
dans une direction prédéterminée par rapport
à la ligne perpendiculaire au plan de pellicule
de la première pellicule de retard, et de façon
qu'une commande de la direction axiale dans
le plan de pellicule soit positionnée suivant la
direction du traitement d'alignement de la pel-
licule d'alignement formée sur le substrat du
côté antérieur de ladite cellule de cristal
liquide ;
une deuxième pellicule de retard plane, qui est
insérée entre ladite cellule de cristal liquide et

ledit polariseur du côté postérieur de ladite cel-
lule de cristal liquide de façon à avoir une di-
rection axiale, dans laquelle l'indice réfraction
est minimisé, suivant une direction inclinée
dans une direction prédéterminée par rapport
à la ligne perpendiculaire au plan de pellicule
de la deuxième pellicule de retard, et de façon
qu'une composante de la direction axiale dans
le plan de pellicule soit positionnée suivant la
direction du traitement d'alignement de la pel-
licule d'alignement formée sur le substrat du
côté postérieur de ladite cellule de cristal
liquide ; et
une ou deux troisièmes pellicules de retard,
ayant une anisotropie de leur indice de réfrac-
tion dans le plan de pellicule, ladite ou lesdites
troisièmes pellicules de retard étant disposées
dans une position se trouvant entre la première
pellicule de retard et le polariseur antérieur et,
ou bien, une position se trouvant entre ladite
deuxième pellicule de retard et ledit polariseur
postérieur, de façon que la direction suivant la-
quelle l'indice de réfraction dans le plan de pel-
licule est maximisé soit sensiblement parallèle
ou perpendiculaire à l'axe d'absorption dudit
polariseur adjacent.

2. Dispositif d'affichage selon la revendication 1, ca-
ractérisé en ce que chacune desdites première et
deuxième pellicules de retard comprend une cou-
che de cristal liquide discotique dans laquelle des
molécules de cristal liquide sont alignées de façon
à s'élever graduellement depuis un état aligné le
long d'une première surface, depuis cette première
surface vers l'autre surface de ladite pellicule, et
possède la direction axiale, dans laquelle l'indice de
réfraction est minimisé, dans une direction qui est
suivant la direction d'axe moléculaire moyenne de
molécules de cristal liquide discotique dans une di-
rection intermédiaire qui est suivant la direction
d'épaisseur de ladite couche de cristal liquide dis-
cotique, et la composante de direction de la direc-
tion axiale dans le plan de pellicule de chacune des
première et deuxième pellicules de retard est fixée
de manière à être parallèle à la direction du traite-
ment d'alignement du substrat adjacent correspon-
dant

3. Dispositif d'affichage selon la revendication 2, ca-
ractérisé en ce que :

ladite cellule de cristal liquide dans laquelle la
direction de traitement d'alignement de la pel-
licule d'alignement formée sur le substrat anté-
rieur est perpendiculaire à celle de la pellicule
d'alignement formée sur le substrat postérieur
possède une couche de cristal liquide en hélice
qui est prise en sandwich par le substrat,
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lesdits deux polariseurs ont leurs axes d'ab-
sorption qui sont parallèles à la direction de trai-
tement d'alignement des pellicules d'aligne-
ment formées sur les substrats adjacents de la-
dite cellule de cristal liquide ; et
ladite troisième pellicule de retard possède la
direction dans laquelle l'indice de réfraction est
maximisé sensiblement parallèlement à l'axe
d'absorption dudit polariseur adjacent.

4. Dispositif d'affichage selon la revendication 3, com-
prenant une dite troisième pellicule de retard qui est
disposée entre ledit polariseur antérieur et ladite
première pellicule de retard.

5. Dispositif d'affichage selon la revendication 3, com-
prenant une dite troisième pellicule de retard qui est
disposée entre ledit polariseur postérieur et ladite
deuxième pellicule de retard.

6. Dispositif d'affichage selon la revendication 3, com-
prenant deux dites troisièmes pellicules de retard
qui sont respectivement disposées entre ledit pola-
riseur antérieur et ladite première pellicule de retard
et entre ledit polariseur postérieur et ladite deuxiè-
me pellicule de retard.

7. Dispositif d'affichage selon la revendication 3, ca-
ractérisé en ce que, pour chaque troisième pelli-
cule de retard, si un axe s représente la direction
dans laquelle l'indice de réfraction est maximisé
dans le plan de pellicule de chaque troisième pelli-
cule de retard, un axe f représente la direction per-
pendiculaire à l'axe s dans le plan de pellicule, et
un axe z représente la direction perpendiculaire au
plan de pellicule, sachant que ns est l'indice de ré-
fraction suivant l'axe s, nf est l'indice de réfraction
suivant l'axe f, et nz est l'indice de réfraction suivant
l'axe z, alors les indices de réfraction satisfont la
relation suivante :

8. Dispositif d'affichage selon la revendication 7, ca-
ractérisé en ce que la valeur du produit ∆nd de l'in-
dice de biréfringence et de l'épaisseur d de la cou-
che de cristal liquide de ladite cellule de cristal liqui-
de se trouve à l'intérieur de l'intervalle de 300 à 500
nm, et, sachant que d' est l'épaisseur de chaque
troisième pellicule de retard, ladite troisième pelli-
cule de retard possède un retard avec lequel :

la valeur (ns - nf).d' se trouve à l'intérieur de
l'intervalle allant de 250 à 450 nm, et
la valeur (ns - nz).d' se trouve à l'intérieur de
l'intervalle allant de 70 à 450 nm.

0 < (ns - nz)/(ns - nf) ≤ 1.

9. Dispositif d'affichage selon la revendication 2, ca-
ractérisé en ce que :

ladite cellule de cristal liquide dans laquelle la
direction de traitement d'alignement de la pel-
licule d'alignement formée sur le substrat anté-
rieur est perpendiculaire à celle de la pellicule
d'alignement formée sur le substrat postérieur
possède une couche de cristal liquide en hélice
prise en sandwich par le substrat,
lesdits deux polariseurs ont leurs axes d'ab-
sorption qui sont parallèles à la direction de trai-
tement d'alignement des pellicules d'aligne-
ment formées sur les substrats adjacents de la-
dite cellule de cristal liquide; et
chaque troisième pellicule de retard possède
une direction dans laquelle l'indice de réfraction
dans le plan de pellicule est maximisé sensible-
ment perpendiculairement à l'axe d'absorption
dudit polariseur adjacent.

10. Dispositif d'affichage selon la revendication 9, com-
prenant une dite troisième pellicule de retard qui est
disposée entre ledit polariseur antérieur et ladite
première pellicule de retard.

11. Dispositif d'affichage selon la revendication 9, com-
prenant une dite troisième pellicule de retard est
disposée entre ledit polariseur postérieur et ladite
deuxième pellicule de retard.

12. Dispositif d'affichage selon la revendication 9, com-
prenant deux dites troisièmes pellicules de retard
qui sont disposées entre ledit polariseur antérieur
et ladite première pellicule de retard et entre ledit
polariseur postérieur et ladite deuxième pellicule de
retard.

13. Dispositif d'affichage selon la revendication 9, ca-
ractérisé en ce que, pour chaque troisième pelli-
cule de retard, si un axe s représente la direction
dans laquelle l'indice de réfraction est maximisé
dans le plan de pellicule, un axe f représente la di-
rection perpendiculaire à l'axe s dans le plan de pel-
licule, et un axe z représente la direction perpendi-
culaire au plan de pellicule, sachant que ns est l'in-
dice de réfraction suivant l'axe s, nf est l'indice de
réfraction suivant l'axe f, et nz est l'indice de réfrac-
tion suivant l'axe z, les indices de réfraction satis-
font la relation suivante :

14. Dispositif d'affichage selon la revendication 13, ca-
ractérisé en ce que la valeur du produit ∆nd de l'in-
dice de biréfringence et de l'épaisseur d de la cou-
che de cristal liquide de ladite cellule de cristal liqui-

0 < (ns - nz)/(ns - nf) ≤ 1.
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de se trouve à l'intérieur de l'intervalle de 300 à 500
nm, et, sachant que d' est l'épaisseur de chaque
troisième pellicule de retard, chaque troisième pel-
licule de retard possède un retard avec lequel :

la valeur (ns - nf).d' se trouve à l'intérieur de
l'intervalle de 250 à 450 nm, et
la valeur (ns - nz).d' se trouve dans l'intervalle
de 70 à 450 nm.
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布置在第一延迟膜和相邻的前偏振器之间，使得膜平面中的最大折射率
方向变得平行于或垂直于前偏振器的吸收轴。由相对于法线方向倾斜地
入射在液晶显示器上的光产生的延迟差由第三延迟膜补偿。通过第一和
第二延迟膜补偿液晶层基板附近的液晶分子中的残余延迟。因此，可以
独立于入射角获得宽视角下的高对比度显示。
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