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Liqgid'crystal display device

The present invention relates to aesuper-twisted

' nematicltype simple matrix liquid crystal display
‘device.

Liquid crystal display devices have been used in a

‘variety of applications as display devices for office
~automation equipment. Since a high-precision display is

required in a-display device of this type, the number of
pixels is large, and highly time-divisional driving is
required. In addition, a high contrast and a large view
angle are also required. In order to safisfy these needs,
of all the liquid crystal display devices, a.super—twisted
nematic type (to be referred to as an STN type _
hereinafter) simple matrix liquid crystal display'device
capable of performing highly time-divisional ‘driving and
exhibiting a relatively high contrast has been used as a
display device for the office automation equipment.

This STN type simple matrix liquid crystal device
comprises opposite substrates spaced apart from each

- other by a predetermined distance, electrodes formed on

the inner surfdces of the opposite substrates in direc-
tions perpendicular to each other, aligning films formed
to cover the electrode formatlon surfaces to align lig-
uid crystal molecules in a predetermined direction,

a liquid crystal matekial sealed between the aligning
films, and a pair of polarizing plates arranged outside
the pair of substrates so as to sandwich the pair of
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substrates. Liquid crystal molecules near the aligning
films are aligned in a direction of aligning treatment
by alignment regulating forces of the aligning films.
The molecules aré twisted at an angle of 180° to 270°
from one substrate to the other substrate along the pre-
determined direction of aligning treatment by the align-
ment regulating forces.

The aligning state of the liqdid crystal molecules
is changed upon application of an electric field across
the opposite electrodes. An optical change caused by a
change in alignment is visualized by the pair of polar-
izing plates, thereby performing a desired display.

| In order to operate the above liquid crystal dis-
play device in accordance with highly timé-divisional
driving, the twist angle of the liquid crystal material

is incfeased, and to obtain a higher visual contrast, a
birefringence effect of the liquid crystal is utilized
to undesirably cause coloration of display contents. In
addition, since the view angle is small, the display
colors change depending on angles at which an observer
observes the display.

In order to solve the coloration problem described
above, a tWo—layered STN type liquid crystal device is
proposed wherein a drive cell having drive electrodes
formed on the opposite substrates and a compensation
cell having a twist direction opposite to that of the

“liquid crystal molecules in the drive cell are stacked

to form a two-layered structure.

In this two-layered STN type liquid crystal display
device, differences in phase shifts caused by light com-
ponents having different wavelengths in the drive cell
can be compensated by the compensation cell. Coloration
of the display contents can be suppressed to obtain an
almost black-and-white display. '

In the STN type liquid crystal display device
described above, since a liquid crystal cell similar to
the drive cell is used as the compensation cell, the
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manufacturing process of the compensation cell is com-
plicated to result in high cost and a bulky display
device. Coloring of the display contents cannot be sat-

isfactorily eliminated, and the view angle is kept

small, resulting in inconvenience. Fig. 1 shows equi-

'gontrast.curves in the conventional two-layered STN type

liquid crystal display device. These equi-contrast
curves represent contrast values obtained when viewed
from 10°, 20°, 30°, 40°, and 50° directions with respect
to a ﬁormal to the substrates of the liquid crystal dis-
play device. A hollow triangle represents a point at
which the contrast is 150; a black triangle represents a
point which the contrast is 100; a hollow square repre-
sents a point at which the contrast is 50; a black

" square represents a point at which the contrast is 10;

and a dot represents a point at which the contrast
becomes negative, i.e., the black-and-white display
color is reversed. An arrow X represents the direction
of the aligning treatment of the aligning film on the
light4incident side.substrate, As is apparent from

Fig. 1, the contrast is very high in the front surface
of the liquid crystal display device, i.e., in thé
direction of the normal to the substrates. The contrast
is greatly decreased when the view angle is increased .

with respect to the direction of the normal. Display

color reverse regions appear at the upper left and lower
right portions of the liquid crystal display device. 1In
this case, the upper left reverse region is very large
in area.

In this conventional liquid crystal display device,
when the screen is observed from an upper left position
inclined by 40° from the direction of the normal, the
screen looks like a negative image, thus resulting in a
decisive drawback. |

Figs. 2A, 2B, 2C, and 2D show CIE chromaticity dia-
grams representing changes in display colors in light-
transmitting (ON: [ ] ) and light-shielding (OFF: *)
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states when the view angle is sequentially changed from
the direction of the normal to the substrates to the 50°
direction in units of 10° in an order of upper, left,
lower, and right sides of the liquid crystal display
device. 1In this case, an arrow b in each diagram
indicates a direction of a change in chromaticity of
trafismitted light in the ON state, and an arrow a in
each diagram indicates a change in chromafiéity of
transmitted light in the OFF state. As is apparent from
Figs. 2A, 2B, 2C, and 2D, the display colors in the ON
and OFF states in the upper, lower, left, and right
directions greatly change in accordance with the'incli—

- nation angles with respect to the direction of the nor-

mal to the substrates. This indicates that the display
colors are different depending on observation directions
with respect to the liquid crystal display device, thus
greatly degrading display quality.

The present invention has been made in considera-
tion of the above situation, and has as its object to
provide a liquid crystal display device which has a sim-
ple structure and in which display coloring is sup-
pressed and view angle characteristics are improved.

~ In order to achieve the above object according to
the present invention, there is provided a liquid
crystal display device comprising: a pair of substrates
having opposite surfaces on which electrodes arranged
perpendicular to each other and alignihg films subjected
to an aligning treatment in a predetermined direction
and formed to cover the electrodes are formed; a liquid
crystal material sealed between the aligning films,
twisted in a range of 200° to 240° from one of the pair
of substrates to the other of the pair of substrates,
and having a product An-d of a refractive index anisotropy
An and a layer thickness d falling within a range of
700 nm to 900 nm; a polarizer located outside of and on a
light incident side of the pair of substrates.and having a

‘direction of a light-transmitting axis falling within
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. tly intersects with the first cirection

2 range of 135° to 180° with respect to a first direction
of alignment treatment performed on the aligning film of
the incident-side substrate of the pair of substrates; an
analyzer located outside of and on a light exit side of
the pair of substrates and having a direction of a light-
transmitting axis falling within a range of 50° to 105°
with respect to the first direction of aligning
treatment; a first retardation plate which is located
between the polarizer and the analyzer, has a product
An-d of a refractive index anisotropy An and a layer
thickness d equal to 1/2 of a value obtained by multi-
plying the product An-d of the liquid crystal material
with 0.8 to 0.95, and has a direction of a phase delay
axis falling within a range of 15° to 110° with respect
to the first direction of aligning treatment; and a sec-
ond retardation plate which is located between the pol-
arizer and the analyzer, has a product An-d of a
refractive index anisotropy An and a layer thickness d
substantially equal to that of the first retardation
plate, and has a direction of a phase delay axis falling
within a range of 30° to 80° with respect to the first
direction of aligning treatment.

The first and second retardation plates may be
located between the pair of substrates and one of the
polarizer and the analyzer, or may be located to sandwich
the pair of substrates. 1In the former léyout, the polar-
izer is preferably located so that the direction of the
light-transmitting axis intersects with the first direc-
tion of aligning treatment at an angle of about 140°. The
analyzér is preferably located so that the direction of
the light-transmitting axis intersects with the direction
of light-tfansmitting axis of the polarizer at an angle of

about 55°. At the same time, the light-tra:

smitting axis

[+

oI one of the first and seconi ret ates prefera-

of ali
rent et an angle of about 40°, and the light-t
axis of the other preferably intersects w
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direction of aligning treatment at an angle of about 5°,
T

i
That is, when a twist angle of the liquid crystal material

is defined as ¢g, the pair of polarizing plates are set so
that the light-transmitting axis of the polarizer falls
within the range of 140° to 180°, the light-transmitting
axis of the analyzer falls within the range of

(270° - [¢gl/2) + 10°, the phase delay axis of the first

‘retardation plate falls within the range of (180° -|¢g]/2)

to (180° -|¢gl/2) + 30°, and the phase delay axis of the
second retardation plate falls within the range of
(180° ~ [¢gl/2) to (180° - [dgl/2) - 30°, respectively,
with respect to the first direction (direction of align-
ing treatment of the incident-side substrate).

In the latter layout, the polarizer is located
so that the direction of the light-transmitting axis
intersects with the first direction of aligning treat-
ment at an angle falling within the range of 140° to

©150°. The analyzer is located so that the direction of

the light-transmitting axis intersects with that of the
polarizer at an angle falling within the range of 75° to

- 90°. At the same time, the first retardation plate is

preferably located so that its phase delay axis inter-
sects with the first direction of aligning treatment at
an angle of about 85°, and the second retardation plate
is preferably located so that its phase delay axis
intersects with the first direction of aligning treat-

‘ment at an angle falling within the range of 30° to

40°.

According to the present invention, three or four
retardation plates can be used in an STN type liquid
crystel cell. when three retardation plates are used,
they may eall be located between the pair of substrates
and one of the polariz ' 1
Alternatively, one of the three retardation plates nmay
be located between the pair of ra
the polarizer and the analyzer, aad the remaining two
retardation plates may be locaeted tetween the pair of
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substrates and the other of the polarizer and the
analyzer.

When four retardation plates are ﬁséd, they may all
be located between the pair of substrates and one of the
polarizer and the analyzer. Alternatively, two of the
four retardation plates may be located between the pair
of substrates and one of the polarizer and the'analyzer,
and the remaining two retardation plates may be located
between the pair of substrates and the other of the
polarizer and the analyzer. '

_ When the three retardation plates are all located
between the STN liquid crystal cell and the polarizer or
analyzer, the pair of polarizing plates are located so
that the direction of the light-transmitting axis of one
plate is inclined an angle falling within the range of
35° to 55° with respect to the first direction of align-
ing treatment, and the light-transmitting axes of the
polarizing plates intersect with each other at an angle .
of about 30°. The first retardation plate is located so
that the direction of phase delay or advance axis is

inclined at an angle falling within the range of 45° to

75° with respect to the first direction of aligning
treatment, and the second and third retardation plates
are located so that the phase delay axis of one plate is
inclined at an angle falling within the range of 45° to
75° with respect to the first direction of aligning
treatment, and the phase delay axes of the fespectiVe
plates are perpendicular to each other. The pair of
polarizing plates are located so that the light- _
transmitting axis of one plate intersects with the first
direction of aligning treatment at an angle of about
140°, and the light-transmitting axes of the them inter-
sect with each other at an angle of about 85°. At the
same time, the first retardation plate is located so
that the direction of its phase delay or advance axis is

inclined at an angle falling within the range of 50° to

55° with respect to the first direction of aligning
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treatment, and the second and third retardation plates
are located so that the phase delay axis of one plate
intersects with the first direction of aligning treat-
ment at an angle of about 40°, and the phase delay axes
of the second and third retardation plates interéect
with each other at an angle of about 35°.
Alternatively, the_layout of the polarizing plates is
kept unchanged, the first retardation plate is located
so that the direction of its phase delay axis is paral-

‘lel or perpendicular to the first direction of aligning

treatment. At the same time, the second and third
retardation plates are located. so that the phase delay
axis of one plate intersects with the first direction of
aligning treatment at an angle of about 40°, and the
phase delay axes of the second and third retardation
plates intersect with each dther_at-an angle of about
35°.

When one retardation plate is located on one side
of the STN liquid crystal cell, and two retardation
plates are located on the other side thereof, the fol-
lowing setup is required. The pair of polarizing plates
are located so that the light-transmitting axis of one
plate intersects with the first direction of aligning
treatment at an angle of about 55°, and the light-
transmitting axes of the polarizing plates intersect
with each other at an angle of about 85°. The first
retardation plate is located so that the direction of

- its phase delay or advance axis intersects with the

first direction of aligning treatment at an angle of
120°. At the same time, the second and third retarda-
tion'plates are located so that the phase delay axis of
one plate intersects with the first direction of align-

- ing treatment at an angle of about 75° and the light-

transmitting axes of the second and third retardation

plates are perpendicular to each other. .
Alternatively, the pair of polarizing plates are

located so that the light-transmitting axis of one plate
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intersects with the first direction of aligning treat-
ment at an angle of about 140°, and the light-
transmitting axes of the polarizing plates intersect
with each other at an angle of about 85°. The first
phase plate is located so that the direction of its
phase delay or advance axis is almost perpendicular to
the first direction of aligning treatment. The second
and third retardation plates are located so that the
phase delay axis of one plate intersects with the first
direction of aligning treatment at an angle of about
40°, and the phase delay axes of the second and third
retardation plates intersect with each other at an
angle of 35°. '

When four retardation plates are all located
between the STN liquid crystal cell and the polarizer or
analyzer, the following setup is required. The pair of -
polarizing plates are located so that the direction of
the light-transmitting axis of one plate is inclined at
an angle falling within the range of 135° to 145° with
respect to the first direction of aligning treatment,
and the light-transmitting axes of the polarizing plates
intersect with each other at an angle of about 85°. The
first and second retardation plates are located so that
the direction of the phase delay or advance axis of one
plate is inclined at an angle falling within the range
of 25° to 45° with respect to the first direction of
aligning treatment, and the phase delay axes of the
first and second retardation plates intersect with each
other at an angle of about 25° to 45°. " The second and
fourth retardation plates are located so that the phase
delay axis of one plate is inclined at an angle of 55°
to 65° with respect to the first direction of aligning
treatment, and the phase delay axes of the respective
plates are almost pefpendicular to each other.

. when four retardation plates are located so that
first two retardation plates and second two retardation
plates are located on the respective sides of the STN
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liquid crystal cell, the following setup is required.
The pair of polarizing plates are located so that the
direction of the light-transmitting axis of one plate is
inclined at an angle falling within the range of 135° to
145° with respect to the first direction of aligning
treatment, and the light-transmitting axes of the

‘respective plates intersect with each other at an angle

of about 85°. The first and second retardation plates
are located so that the direction of the phase delay or
advance axis of one plate intersects with the first
direction of aligning treatment at an angle of about
40°, and the phase delay axes of them intersect with
each other at an angle of about 35°. The third and
fourth retardation plates are located so that the phase

_delay axis of one plate intersects with the first direc-

tion of aligning treatment at an angle of about 30°, and
the phase delay axes of the them are almost perpendicu-
lar to each other.

With the above arrangement, according to the pre-
sent invention, at least two retardation plates are
located between the polarizer and the analyzer in an
STN type liquid crystal display device in which liquid
crystal molecules are twisted at an angle of 200° to
240°. The relationships between the directions of the
phase delay axes of these retardation plates'and the
optical axes of the polarizer and the analyzer are set
to satisfy optimal conditions. Therefore, differences
in phase shifts caused by light components having dif-
ferent wavelengths upon their transmission through the
liquid crystal cell can be almost corrected by the '

_ retardation plates, thus eliminating coloring of display

colors.

In addition, since these retardation plates are
arranged, phase shifts from directions inclined from the
direction of the normal to the substrates can also be
corrected. The reverse area is reduced, and the area
having .a higher contrast can be increased.
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This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a graph showing equi-contrast curves in a
conventional liquid crystal display device;

Figs. 2A, 2B, 2C, and 2D are CIE chromaticity dia-
grams showing changes in display colors in the conven-
tional liquid crystal display device; |

Fig. 3 is an exploded perspéctive view showing a
schematic arrangement of the first embodiment according-
to the present'invention; ,

Fig. 4 is a sectional view of the first embodiment
according to the present invention;

Fig. 5 is a graph showing equi-contrast curves in a

“liquid crystal display device of the first embodiment;

Figs. 6A, 6B, 6C, and 6D are CIE chromaticity dia-
grams showing changes in display colors in the liquid
crystai display device of the first embodiment;

Fig. 7 is an exploded perspective view showing a
schemati¢ arrangement of the second embodiment according
to the present invention; _

Fig. 8 is a graph showing equi-contrast curves

' of a liquid crystal display device of the second
‘embodiment;

Figs. 9A, 9B, 9C, and 9D are CIE chromaticity dia-
grams showing changes in display colors in the liquid
crystal display device of the second embodiment;

Figs. 10A, 10B, and 10C are views of the second
embodiment in which the An-d value of each retardation
plate, and optical axes of a pair of polarizing plates
and a pair of retardation plates are changed
respectively, in which Fig. 10A shows equi-brightness
curves in a light-shielding state, Fig. 10B shows equi-
brightness curves in a light-transmitting state, and
Fig. 10C shows equi-contrast curves;

Figs. 11A; 11B, and 11C are views showing changes in
colors of transmitted light components in the layout of
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the polarizing plates and the retardation plates of the
second embodiment from which the characteristics shown
in Figs. 10A, 10B, and 10C are obtained, in which

Fig. 11A shows equi4¢olor difference curves, Fig. 11B
shows equi-lightness index difference curves, and

Fig. 11C show equi-chroma difference curves;

_ Fig. 12 is an exploded perspective view showing a
schematic arrangement of the third embodiment of the
present invention;

Fig. 13 is a sectional view of the third embodiment
shown in Fig. 12; ' ' _

Fig. 14 is an exploded perspective view of the
third embodiment in which the An-d value and the optical
axes and layout of a pair of polarizing plates and a
pair of retardation plates are changed;

Fig. 15 is an exploded perspective view of the
third embodiment in which the An-d value and the optical
axes and layout of the pair of polarizing plates and the
pair of retardation plates are further changed;

Fig. 16 is an explodéd perspective view of the
third embodiment in which the An-d value and the optical
axes and layout of the pair of polarizing plates and the
pair of retardation plates are further changed;

Figs. 17A and 17B are views showing equi-contrast
curves when the directions of the optical axes of retar-
dation plates in the 1ayout of Fig. 12 are different,
respectively; _ |

Figs. 18A and 18B are views showing equi-contrast
curves when the directions of the optical axes of retar-
dation plates in the layout of Fig. 14 are different,
respectively;

Figs. 19A and 19B are views showing equi-contrast
curves when the direétions of the optical axes of retar-
dation plates in the layout of Fig. 15 are different,
respectively;

Figs. 20A and 20B are views showing equi-contrast
curves when the directions of the optical axes of
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retardation plates in the layout of Fig. 16 are
different, respectively;

Fig. 21 is a sectional view Showing an arréngement
of the fourth embodiment;

Fig. 22 is a graph showing spectral characteristics
of color filters used in the fourth embodiment shown in
Fig. 21;

Figs. 23R, 23G, and 23B are respectively CIE
chromaticity diagrams showihg changes in hues of light
components passing through the R, G, and B color filters
at view angles at the upper position in the liquid crys-
tal in the fourth embodiment shown in Fig. 21;

Figs. 24R, 24G, and 24B are respectively CIE
chromaticity diagrams shoWing changes in hues of light
components passing through the R, G, and B color filters
at view angles at the left position in the liquid
crystal in the fourth embodiment shown in Fig. 21;

Figs. 25R, 25G, and 25B are respectively CIE
chromaticity diagrams showing changes in hues of light
components passing through the R, G, and B color filters
at view angles at the lower position in the liquid-
crystal in the fourth embodiment shown in Fig. 21;

Figs. 26R, 26G, and 26B are respectively CIE
chromaticity diagrams showing changes in hues of light
components passing through the R, G, and B color filters
at view angles at the right position in the liquid crys-
tal in the fourth embodiment shown in Fig. 21;

Figs. 27R, 27G, and 27B are CIE chromaticity dia-
grams showing changes in hues of light components pass-
ing through the R, G, and B color filters at view angles
at the upper position in the liquid crystal cell of the
comparative example; :

Figs. 28R, 28G, and 28B are CIE chromaticity
diagrams showing changes in hues of light components
passing through the R, G, and B color filters at view
angles at the left position in the liquid crystal cell
of the comparative example; '
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Figs. 29R, 29G, and 29B are CIE chromaticity
diagrams showing changes in hues of light components
passing through the R, G, and B color filters at view
angles at the lower position in the liQuid crystal cell
of the comparative example;

Figs. 30R, 30G, and 30B are CIE chromaticity
diagrams showing changes in hues of light components
passing through the R, G, and B color filters at view
angles at the right position in the liquid crystal cell
of the comparative example; - . '

Fig. 31 is a graph showing Y-V characteristics of
the first arrangement in the retardation plate layout of
the third embodiment shown in Fig. 12 when the 2nd value
of each retardation plate is set to be 370 nm;

Fig. 32 is a view showing equi-brightness curves in
a light-shielding state in the first arrangement having

- the characteristics shown in Fig. 31;

Fig. 33 is a view showing equi-brightness curves
in a light-transmitting state in the first arrangement
having the characteristics shown in Fig. 31;

Fig. 34 is a view showing equi-contrast curves in
the first arrangement having the characteristics shown
in Fig. 31; -

Fig. 35 is a graph showing Y-V characteristics of
the first arrangement in the retardation plate layout of
the third embodiment shown in Fig. 12 when the An-d
value of each retardation plate is set to bé 360 nm;

Fig. 36 is a view showing equi-brightness curves in
a light-shielding state in the first arrangement having
the characteristics shown in Fig. 35; _ ‘

Fig. 37 is a view showing equi-brightness curves in
a light-transmitting state in the first arrangement hav-
ing the characteristics shown in Fig. 35;

Fig. 38 is a view showing edui—dontrast curves in
the first arrangement having the characteristics shown
in Fig. 35; _ | | o |

- Fig. 39 is a graph showing Y-V characteristics of
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the second arrangement in the retardation plate layout
of Fig. 31 when the direction of the phase delay axis of
the third retardation plate is inclined in an almost
145° with respect to the direction of aligning

treatment of the aligning film on the light incident-
side substrate;

Fig. 40 is a graph showing Y-V characteristics of
the third arrangement in the retardation plate layout of
the third embodiment shown in Fig. 15 when the direc- |
tions. of the light-transmitting axes of the polarizing
plates and the directions of the phase delay axes of the

retardation plates are changed;

Fig. 41 is a view showing equi-brightness curves in
a light—shielding state in the third arrangement having
the characteristics shown in Fig. 40;

Fig. 42 is a view showing equi-brightness curves

in a light-transmitting state in'the third arrangement

having the characteristics shown in Fig. 40;

Fig. 43 is a view showing equi-contrast curves in
the third arrangement having the characteristics shown
in Fig. 40; . '

Figs. 44A and 44B are a graph showing voltage-
transmittance characteristics representing visual
sense characteristics at the left position in the liquid
crystal cell in the retardation plate layout of the
third arrangement shown in Fig. 40, and a CIE
chromaticity diagram showing the corresponding display
colors;

Figs. 45A and 45B are a graph showing voltage-
transmittance characteristics representing visual sense
characteristics at the right position in the liquid
crystal cell in the retardation plate layout of the
third arrangement shown in Fig. 40, and a CIE '
chromaticity diagram showing the corresponding display
colors; - '

Figs. 46A and 46B are a graph showing voltage-
transmittance characteristics representing visual sense
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characteristics at the upper position in the liquid
crystal cell in the retardation plate layout of the
third arrangement shown in Pig. 40, and a CIE
chromaticity diagram showing the corresponding display
colors;

Figs. 47A and 47B are a graph showing voltage-
transmittance characteristics representing visual sense
characteristics at the lower position in the liquid
crystal cell in the retardation plate layout of the
third arrangement shown in Fig. 40, and a CIE
chromaticity diagram showing the corresponding display
colors;

Fig. 48 is a graph showing Y-V characteristics in
the third embodiment shown in Fig. 15 when the direction
of the phase delay axis of the third retardation plate
is changed; ' '

Fig. 49 is an exploded perspective view showing a
schematic arrangement of the fifth embodiment of the
present invention; |

Fig. 50 is a view showing equi-brightness curves in
a light-shielding state in the fifth embodiment shown in
Fig. 49;

Fig. 51 is a view showing equi-brightness curves in
a light—transmitting state in the fifth embodiment shown
in Fig. 49; _

Fig. 52 is a view showing equi-contrast curves in

-the fifth embodiment shown in Fig. 49;

Fig. 53 is a view showing equi-contrast curves in
the fifth embodiment shown in Fig. 49 when the direc-
tions of the phase delay axes of the third and fourth
retardation plates are changed;

Fig. 54 is an exploded perspective view showing a’
schematic arrangement of the sixth embodiment of the
present invéntion;

Figs. 55A and 55B are views showing equi-contrast

‘curves in the sixth embodiment shown in Fig. 54 when the

directions of the phase delay axes of the third and
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fourth retardation plates are changed; _

"Fig. 56 is an exploded perspective view showing a
schematic arrangement of the seventh embodiment of the
present invention; |

Figs. 57A to 57D are views showing equi-contrast
curves when the directions of the phase delay axes of
the third and fourth retardation plates in the seventh
embodiment shown in Fig. 56 are changed;

Fig. 58 is an exploded perspective view showing a
schematic arrangement of the eighth embodiment of the
present invention; '

Figs. 59A and 59B are a view showing equi-
brightness curves in a light-shielding state and its
CIE chromaticity diagram, respectively, in the eighth
embodiment shown in Fig. 58;

Figs. 60A and 60B are a view showing equi- _
brightness curves in a light-transmitting state and its
CIE chromaticity diagram, respectively, in the eighth
embodiment shown in Fig. 58; and

Figs. 61A and 61B are a view showing equi-contrast
curves of the eighth embodiment shown in Fig. 58 and its
CIE chromaticity diagram. ' .

Preferred embodiments of the present invention will
be described below with reference to Figs. 3 to 61B.
[First Embodiment]

The first embodiment shows an arrangement in which
two retardation plates are located on one side of a
liquid crystal cell, and Figs. 3 and 4 are an exploded
perspective view and a sectional view, respectively,
showing this arrangement.

Referring to Figs. 3 and 4, a liquid crystal cell
101 comprises a lower substraté 104 having electrodes
102 and an aligning film 103 formed to cover the elec-
trodes 102, an upper substrate 107 having electrodes 105
formed perpendicular to the electrodes 102 and an align-
ing film 106 formed to cover the electrodes 105, a seal
member 108 for sealing the upper and lower substrates
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107 and 104 with a predetermined distance therebetween,
and a liquid crystal material 109 sealed in the space
defined by the upper and lower substrates 107 and 104
and the seal member 108. A dielectric constant ratio
Ae/e - of the liquid crystal material 109 is set to be
1.90, and its elastic constant ratios K3/K1 and K3/K2
are set to be 1:.83 and 2.40. A ratio d/p of a gap 4 to
a natural pitch p of the liquid crystal material 109 is
set to be 0.5. '

Light is incident on the liquid crystal cell 101
from the lower direction in Figs. 3 and 4. The lower
substrate will be referred to as an incident-side
substrate 104, and the upper substrate will be referred
to as an exit-side substrate 107 hereinafter.

A polarizer 110 comprising a linearly polarizing
plate is located outside the incident-side substrate 104
of the liquid crystal cell 101, and an analyzer 111 sim-
ilarly comprising a linearly polarizing plate is located
above the exit-side substrate 107 of the cell 101. Two
retardation plates 112 and 113 are located between the
exit-side substrate 107 of the liquid crystal cell 101
and the analyzer 111.

The-aligning films 103 and 106 respectively formed
on the oppesite surfaces of the incident- and exit-side
substrates 104 and 107 are subjected to an aligning
treatment such as rubbing. The direction 103a of the
aligning treatment for the aligning film 103 on the
incident-side substrate 104 inclines at an angle of
about 30° from the lower left direction to the upper
right direction with respect to a horizontal line when
the liquid crystal cell 101 is observed from the front,
as shown in Fig. 3. The direction 106a of the aligning
treatment for the aligning film 106 of the exit-side
substrate 107 rotated through 60° clockwise (to be
referred to as negative or minus hereinafter) with
respect to the direction 103a of aligning treatment for
the incident-side substrate 104 (the direction 103a will
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be referred to as an incident-side direction of aligning
treatment hereinafter). By this aligning treatment, the
liquid crystal molecules are aligned at a pretilt angle
of about 8°. At the same time, the liquid crystal
molecules are aligned at a negative twist angle of 240°
(¢g) from the incident-side substrate 104 to the exit-
side substrate 107. A product An-d of a gap d and a
refractive index anisotropy An of the liquid crystal
cell 101 is set to be 864 nm (measurement wavelength:
589 nm).

The polarizer 110 is located so that its light-
transmitting axis 110a is rotated through 140° (a)

counterclockwise (to be referred to as positive or plus

hereinafter) with respect to the incident-side direction
103a of aligning treatment. The analyzer 111 is located
so that its light-transmitting axis llla intersects with
the light-transmitting axis 110a of the polarizer at an

angle of 55° (g).

The first and second retardation plates 112 and 113
are retardation plates obtained by monoaxially stretch-
ing polycarbonate and having a product an-d of 400 nm
(measurement wavelength: 589 nm). Each retardation
plate has a product An-d smaller by a decrease in An-d
upon application of a bias voltage to the liquid crystal
cell 101 than that of the cell 101 (i.e., the product |
An-d of the retardation plate is a value obtained by
multiplying the product An-d of the liquid crystal cell
101 with 0.80 to 0.95). The first retardation plate 112
is located so that its phase delay axis 1ll2a is rotated
through about +40° (f) with respect to the incident-side
direction 103a of aligning treatment. The second
retardation plate 113 is located so that its phase delay

' 2 is rotated through about S5° (y) with respect
to the incident-side direction 1032 of aligaing
treatment.

In the STN type liguid crystal display device

having the above arrangement, the dif
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shifts of light components having different wave-
lengths caused when these light components pass through
the liquid'crystal cell 101 can be minimized by the two
retardation plates 112 and 113, and coloring of the dis-
play colors can be eliminated or reduced. The'changer
in An-d of the liquid crystal cell 101 is compensated by
the change in An-d of the retardation plates 112, 113
when the incident light is inclined from the direction
of the normal to the cell 101 and two retardation plates
112 and 113. The reverse area can be reduced, and the )
area having a higher contrast is increased.

Fig. 5 shows'equi-contrast curves of this _
embodiment. These curves represent contrast values when
the display device is observed from 10°, 20°, 30°, 40°,
and 50° directions from the direction of the normal to
the substrates of the liquid crystal display device. A
hollow triangle represents a point at which the contrast
is 150; a black triangle represents a point which the
contrast is 100; a hollow square represents a point at
which the contrast is 50; a black square represents
a point at which the contrast is 10; and a dot repre-
sents a point at which the contrast becomes negative,
i.e., the black-and-white display color is reversed.
The_reverse area is a hatched portion in Fig. 5. 1In
Fig. 5, an allow X indicates the direction 103 of align-
ing treatment for the indecent-sice substrate 104.

Referring to Fig. 5, as compared with the conven-
tional liquid crystal display device shown in Fig. 1,
the area having a contrast of 10 is increased, and the
reverse area appeariﬁg at the upper portion of the lig-
uid crYstal display device can be reduced. At the same
time, no reverse area appears at the lower portion of
the liquid crystal display device. According to this
embodiment, the view angle is increased, and the view
angle characteristics can be apparently improved.

Figs. 6A, 6B, 6C, and 6D show CIE chromaticity
diagrams representing changes in display colors in
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light-trensmitting (ON: B ) and light-shielding
(OFF: *) states when the view angle is sequentially
changed from the direction of the normal to the
substrates to the 50° direction in units of 10° in an
order of upper, left, lower, and right sides of the
liquid crystal display device. 1In this case, an arrow a
in each diagram indicates a direction of a change in
chromaticity of transmitted light in.the'ON state, and
an arrow b in each diagram indicates a change in
chromaticity of transmitted light in the OFF state. As
is apparent from Figs. 6A, 6B, 6C, and 6D, changes in
display colors in the respective directions are smaller
than those in the conventional liquid crystal display
device shown in Figs. 2A to 2D. _

when the two retardation plates 112 and 113 are
located adjacent to each other, the twist angle ¢g of
the liquid crystal of the liquid crystal cell 101 falls
within the range of 200° to 240°, and the 4n-d value
falls within the range of 700 nm to 900 nm (measurement
wavelength: 589 nm) as in this embodiment, with respect
to the incident-side direction 103a of aligning
tfeatment, the angle a of light-transmitting axis 11l0a
of the polarizer 110 preferably falls within the range

" of 135° to 180°, the angle & of the light-transmitting

axis llla of the analyzer 111 preferably falls within
the range of 40° to 105°, the angle of the phase delay
axis 112a of the first retardation plate 112 preferably
falls within the range of (270° -|égl|) + 15°, and the
angle of the phase delay axis 113a of the second retar-
dation plate 113 preferably falls within the range of
(270° -|logl/72) + 15°. At the same time, the product
An-é& of eacn of the first and second retardation plates.
112 and 113 is preferably set to be 1/2 (i.e;, 2 in 1/2
represents the number of retardation plates) of a value
t 4 by multiplying the An-¢ value of the liquid

obtaine .
crystal cell 101 with 0.80 to 0.95 and, preferably 0.90
to 6.95
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[Second Embodiment]

The second embodiment exemplifies an arrangement in
which one retardation plate is arranged on each side of
a liquid crystal cell. The second embodiment will be
described with reference to Figs. 7 to. 9D. The same
reference numerals as in the first embodiment.

Referring to Fig. 7, a polarizer 110 comprising a
linearly polarizing plate is located outside or below an
incident-side substrate 104 of a liquid crystal cell
101, and an analyzer 111 similarly comprising a linearly
polarizing plate is located above an exit-side substrate
107 of the cell 101. A first retardation plate 112 is
located between the incident-side substrate 104 of the
liquid crystal cell 101 and the polarizer 110. A second
retardation plate 113 is located between the exit-side
substrate 107 of the cell 101 and the analyzer 1ll1.

The aligning directions of aligning films of the
liquid crystal cell 101 and the aligning state of a
liquid crystal material are the same as those in the
first embodiment. A light-transmitting axis 110a of
the polarizer 110 is rotated through +145° (a)
counterclockwise (positive or plus hereinafter) with
respect to an incident-side direction 103a of aligning
treatment. A light-transmitting axis 1lla of the ana-
lyzer 111 is rotated through about +70° (g) with respect
to the incident-side direction 103a of aligning

'treatment.

A phase delay axis 112a of the first retardation
plate 112 is rotated through about +85° (B) with respect
to the incident-side direction 103a of aligning '
treatment, and a phase delay axis 113a of the second
retardation plate 113 is rotated through about 40° (y)
with respect to the incident-side direction 103a of
aligning treatment. _

As in the first embodiment, the differences in
phase shifts of light components having different wave-
lengths caused when these light components pass through
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the liquid crystal cell 101 can be minimized by the two
retardation plates 112 and 113, and coioring of the dis-
play colors can be eliminated or reduced. The change in
An-d of the liquid crystal cell 101 is compensated by
the change in An-d of the retardation plater 112, 113
when the indecent light is inclined from the direction
of the normal to the cell 101 and two retardation

plater 112 and 113, and the area having a higher con-
trast is increased.

Fig. 8 shows equi-contrast curves of this
embodiment. These curves are formed in the same manner
as in the first embodiment described above. Referring
to Fig. 8, as compared with the conventional liquid
crystal display device shown in Fig. 1, the area having
a contrast of 10 is increased in the lateral direction.
Therefore, the view angle characteristics cén be
improved in the second embodiment.

Figs. 9A, 9B, 9C, and 9D show CIE chromaticity
diagrams representing changes in display colors in
light-transmitting (on: N ) and light-shielding (OFF: x)
states when the view angle is sequentially changed from
the direction of the normal to the substrates to the 50°
direction in units of 10° in an order of upper, left,
lower, and right sides of the liquid crystal display
device, as in the CIE chromaticity diagrams of Figs. 6A
to 6D. In this case, as is apparent from Figs. 9A, 9B,
9C, and 9D, changes in display colors in the respective
directions in the OFF state are smaller than those in
the conventional liquid crystal display device shown in
Figs. 2A to 2D. -

When the two retardation plates 112 and 113 are
located one on each side of the liquid crystal cell 101,
the twist angle ¢g of the liquid crystal of the liquid
crystal cell 101 falls within the range of 200° to 240°,
and the An-d value falls within the range of 700 nm to
900 nm (measurement wavelength: 589 nm) as in this
embodiment, with respect to the incident-side direction
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103a of aligning treatment, the angle a of the light¥
transmitting axis 110a of the polarizer 110 preferably
falls within the range of 135° to 180°, the angle ¢
of the light-transmitting axis 11lla of the analyzer
111 preferably falls within the range of
(270° -|dol/2) + 10°, the angle B of the phase delay
axis 112a of the first retardation plate 112 preferably
falls within the range of (180° -|dg|/2) to
(180° —|do|/2) + 30°, and the angle y of the phase.delay
axis 113a of the second retardation plate 113 preferably
falls within the range of (180° -|¢g|/2) to
(180° - |¢gl/2) - 30°. At the same time, the product
An:-d of each of the first and second retardation plates
is preferably set to be 1/2 (i.e., 2 in 1/2 represents
the number of retardation plates) of a value obtained by
multiplying the An-d value of the liquid crystal cell
with 0.80 to 0.95. The angles a, B, Y., and € preferably
fall within the ranges of 140° to 180°, 60° to 110°, 30°
to 80°, and 50° to 90°, respectively.

According to the second embodiment, as.described
above, with respect to the incident-side direction 103a
of aligning treatment of the STN liquid crystal cell

- 101, the angles a and £ of the light-transmitting axes

110a and 11la of the polarizer 110 and the analyzer 111
and the angles B and y of the-phaée delay axes ll2a and
113a of the first and second retardation plates 112 and
113 fall within the ranges of 135° to 180°, 40° to 105°,
15° to 110°, and -30° to 80°, respectively, thereby
improving view angle characteristics and reducing dis-
play coloring.

Note that the first and second retardation plates
112 and 113 are made of polycarbonate. However, the
material of the retardation plate is not limited to
this. For example, a retardation plate obtained by
sandwiching a polyvinyl alcohol film coveréd by a

‘protective film may be used.

In the second embodiment, characteristics obtained
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when the An-d value of each retardation plate and the
inclination angles of a pair of polarizing plates and a
pair of retardation plates are changed will be described
below. ' _

The same liquid crystal cell as in the second
embodiment is used, and the An-d value of each retarda-
tion plate is set to be 356 nm. Of the pair of polariz-
ing plates, the light-transmitting axis 110a of the-
polarizer 110 is almost aligned with a 150° direction
with reference to the incident-side direction 103a of
aligning treatment, and the direction of the light-
transmitting axis 1lla of the analyzer 111 is set in a
direction of about 60°. At the same time, the phase
delay axis 112a of the first retardation plate 112 is
inclined at an angle falling within the range of
85° +5°, and the phase delay axis ll3a:of the second
retardation pléte 113 is inclined at an angle falling
within the range of 35° #5° .

Equi-brightness characteristics obtained by measur-
ing a transmittance distribution in a light-shielding
state by means of Y values, equi-brightness characteris-
tics obtained by measuring a transmittance distribution
in a light-transmitting state by means of Y values, and
equi-contrast curves as in the second embodiments in
this liquid crystal display device are respectively

- shown in Figs. 10A, 10B, and 10C.

As shown in Figs. 10A, 10B, and 10C, this liQuid
crystal display device is excellent in symmetry of view
angle characteristics. As compared with an arrangement
in which retardation'plates are located on one side of
the liquid crystal cell of the first embodiment as shown
in Fig. 5, this liquid crystal display device is appar-
ently excellent in symmetry of view angle
characteristics.

In order to evaluate the states of changes in col-
ors by a visual sense in the liquid crystal display
device, a color difference AE*, a lightness index dif-
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ference AL*, and a chroma difference AC* were measured.
The color difference AE*, the lightness index difference
AL*, and the chroma difference AC* are defined in the
CIE 1976 (L*,u*,v*) color space as follows:

AEuv* = v (AL*)2 + (ACx)2  : Lightness Index

AL* = abs(La* - Li¥%*) : Lightness Index
pDifference ' _
AC = J(Au*)2 + (Avx)2 : Chrométicness Index
Au* = abs(uz* - Uj¥*). : : Chromaticness Index
Difference
Av* = abs(va* - vi1¥*) - : Chromaticness Index
o - Difference

Li* = 116-(¥;/¥0)1/3 - 16

(i =0, 1, 2, if (Yi/Y0) is equal to or less than
0.008856, then |
903.29-(Yi/¥0).)

Li* =

ui* = 13-Li*-(uj - up')

vi* = 13-Li*-(vi' - vQ')

uj' = 4-Xi/(Xi + 15-¥3 + 3-Zj)
vi' = 9:¥i/(Xi + 15-¥i + 3-Zj)

(where Xj, Yji, and Zj are values in an XYZ
colorimetric system)

The equi-color difference curves, equi-lightness
index difference curves, and equi-chroma difference curves
of color difference AE*, the lightness index difference
AL*, and the chroma difference AC* are shown in Figs. 1l1A,
11B, and 11C, respectively. As shown in Figs. 11A to 11C,
a change in chroma difference AC* is very small, and vis-.
ual dependency of the color difference AE* can be
improved. In this embodiment, therefore, a change in
color difference by-the visual sense in a light-

_transmitting state can be minimized, and symmetry of view

angles about the vertical axis can be improved.
[Third Embodiment]

By using three retardation plates, the third
embodiment aims at compensating for a change in color
difference. The third embodiment will be described
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with reference to Figs. 12 and 13. Figs. 12 and 13 ére
an exploded perspective view and a sectional view,
respectively, of the third embodiment. The same refer-
ence numerals as in the first embodiment denote the same
parts in the third embodiment, and a detailed descrip-
tion thereof will be omitted.

Referring to Figs. 12 and 13, a liquid crystal
material 109 is sealed in a liquid crystal cell 101.
This liquid crystal material 109 has a dielectric con-
stant ratio Ae/el - of 1.93, an elastic constant ratio
K3/K1 of 1.83, an elastic constant ratio K3/K2 of 3.12,
and a ratio d/p of a gap d to a natural pitch p of 0.5.
A product An-d of the gap d and a refractive index _
anisotropy An of the liquid crystal cell 101 is 864 nm
(measurement wavelength: 589 nm).

Light is incident on the liquid crystal cell 101
from the lower direction in Figs. 12 and 13. A polari-
zer 110 comprising a linearly polarizing plate is
located outside or below an incident-side substrate 104.

~ An analyzer 111 similarly comprising a linearly polariz-

ing plate is located above an exit-side substrate 107.
Three retardation plates 112, 113, and 114 are located
between the exit-side substrate 107 and the analyzer
111. | | o
The polarizer 110 is located so that its light-
transmitting axis 1l1l0a is rotated through +35° (a)
counterclockwise (positive or plus) with respect to an
incident-side direction 103a of aligning treatment. The
analyzer 111 is located so that its light-transmitting
axis 1llla intersects with the incident-side direction
103a of aligning treatment at an angle of 65° (g).

The first, second, and third retardation plates
112, 113, and 114 are retardation plates obtained by
monoaxially stretching polycarbonate and having a An-d
value of 400 nm to 600 nm (measurement wavelength: 589
nm). The first retardation plate 112 is located so that
its phase delay axis 112a is almost parallel to the
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incident-side direction 103a of aligning treatment. The
second retardation plate 113 is located so that its
phase delay axis 113a is inclined at an angle of about
60° or 150° (y) with respect to the incident-side direc-
tion 103a of aligning treatment. The third retardation
plate 114 is located so that its phase delay axis 1l4a
is almost perpendicular (§) to the phase delay axis 11l3a
of the second retardation plate 113.

The positions of the first, second, and third
retardation plates 112, 113, and 114 may be variously
changed. For example, as shown in Fig. 14, the second
and third retardation plates 113 and 114 may be arranged
between the liquid crystal cell 101 and the polarizer
110 in the order named, and the first retardation plate
112 may be located between the liquid crYstal cell 101
and the analyzer 111. In this case, the second retarda-
tion plate 113 is located in Fig. 12 so that its phase
delay axis 113a is inclined at an angle of about 45° or.
135° (y) with respect to the incident-side direction
103a of aligning treatment.

Alternatively, as shown in Fig. 15, the first
retardation plate 112 may be located between the liquid.
crystal cell 101 and the polarizer 110, and the second
and third retardation plates 113 and 114 may be located
between the liquid crystal cell 101 and the analyzer
111 in the order named. 1In this case, the polarizer 110
is located so that its light-transmitting axis 110a is
inclined at an angle of +55° (a) with respect to the |
incident-side direction 103a of aligning treatment,
and the analyzer 111 is located so that its light-
transmitting axis 1llla intersects with the incident-side
direction 103a of aligning treatment at an angle of 85°
(¢). The first retardation plate 112 is located so that
its phase delay axis 112a is inclined at an angle of
about 120° with respect to the incident-side direction
103a of aligning treatment. The second retardation
plate 113 is located so that its phase delay axis 1l1l3a



“

10

15

20

25

30

35

- 29 -

is inclined at an angle of about 75° or 165° (y) with
respect to the incident-side direction 103a of aligning
treatment. The third retardation plate 114 is located
so that its phase delay axis 1l4a is almost perpendicu-
lar (8) to the incident-side direction 103a of aligning
treatment. _

Furthermore, as shown in Fig. 16, the second,
third, and first retardation plates 113, 114, and 112
may be located between the liquid crystal cell 101 and
polarizer 110 from the polarizer 110 side in the
order named. In this case, in the layout of Fig. 15,
the second retardation plate 113 is located so that its
phase delay axis 113a is inclined at an angle of about
60° or 150° (y) with respect to the incident-side direc-
tion 103a of aligning treatment. Alternatively, the
second retardation plate 113 may be located so that its
the phase advance axis normal to the phase delay axis
113a may be set at 60 or 150° to the incident-side
direction 103a of aligning treatment. '

In this embodiment, the view angle characteristics
can be improved by the second and third retardation
plates whose phase delay axes are almost perpendicular
to each other. Display céloring can be reduced by a
combination of the first to third retardation plates.

ﬁqui—contrast curves obtained by the same measure-
ment procedures as in the first embodiment. for the liqg-

uid crystal display devices shown in Figs. 12, 14, 15,

and 16 are shown in Figs. 17A and 17B, Figs. 18A and
18B, Figs. 19A and 19B, and Figs. 20A and 20B,
respectively. More specifically, Figs. 17A and 17B show
equi-contrast curves in the retardation plate arrange-
ment of Fig. 12. PFig. 17A shows a case in which the
angle y of the phase delay axis 113a of the second
retardation plate 113 is set to be 60° and the angle §
of the phase delay axis 1l4a of the third retardation
plate 114 is set to be 150°. . Fig. 17B shows a case in
which the angle y of the phase delay axis 113a of the
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second retardation plate 113 is set to be 150° and the
angle § of the phase delay axis 114a of the third retar-
dation plate 114 is set to be 60°. Similarly, Figs. 18a
and 18B show equi-contrast curves in the retardation
plate arrangement of Fig. 14. Fig. 18A shows a case in
which the angle y of the phase delay axis 113a of the
second retardation plate 113 is set to be 45° and the
angle § of the phase delay axis 1l14a of the third retar-
dation plate 114 is set to be 135°. Fig. 18B shows a
case in which the angle y of the phase delay axis 113a
of the second retardation plate 113 is set to be 135°
and the angle § of the phase delay axis ll4a of the
third retardation plate 114 is set to be 45°. Figs. 19a
and 19B show equi-contrast curves in the retardation
plate arrangement of Fig. 15. Fig. 19A shows a case in
which the angle y of the phase delay axis 113a of the

-second retardation plate 113 is set to be 75° and the

angle § of the phase delay axis 1ll4a of the third retar-
dation plate 114 is set to be 165°. Fig. 19B shows a

' case in which the angle y of the phase delay axis 113a

of the second retardation plate 113 is set to be 165°
and the angle 8§ of the phase delay axis 1l4a of the
third retardation plate 114 is set to be 75°. Figs. 20A
and 20B show équi-contrast curves in the retardation
plate arrangement of Fig. 16. Fig. 20A shows a case in
which the angle y of the phase delay axis 113a.of the
second retardation plate 113 is set to be 60° and the
angle § of the'phase delay axis 1l4a of the third
retardation plate 114 is set to be 150°. Fig. 20B shows
a case in which the angle y of the phase delay axis 113a
of the second retardation plate 113 is set to be 150°
and the angle § of the phase delay axis 1l1l4a of the
third retardation plate 114 is set to be 60°.

As is apparent from these equi-contrast curves,
when the first, second, and third retardation plates
112, 113, and 114 are located, as shown in Figs. 12, 14,
15, and 16, areas each having a contrast of 10 are
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larger than that of the conventional STN type liquid
érystal display device shown in Fig. 1. In addition,
no reverse area is formed. Therefore, the view angle

characteristics can be greatly improved.

Note that the first and second retardation platés
112 and 113 comprise retardation plates made of poly-
carbonate as in the above embodiment. However, the
material of the retardation plate is not limited to
this. A retardation plate obtained by sandwiching poly-
vinyl alcohol between protective films may be used.
[Fourth Embodiment] '

The fourth embodiment obtained when the third
embodiment is applied to a color liquid crystal display
device will be described in detail with reference to
Figs. 21 to 26. The color liquid crystal display device.
of the fourth embodiment has substantially the same
retardétion plate arrangement as the arrangement
(Fig. 12) of the third embodiment, except that a color
liquid crystal cell having color filters formed on inner
surface of one of the substrates in correspondence with
electrodes is used. The same reference numerals as in
the third embodiment denote the same parts in the fourth
embodiment, and a detailed description thereof will be
omitted. _ |

-Referring to Fig. 21, three primary color (i.e., -
red (R), green (G), and blue (B)) filters 115R, 115G,
and 115B are formed on an incident-side substrate 104 in
correspondence with electrodes 102. The three primary
color filters 115R, 115G, and 115B have spectral charac-
teristics shown in Fig. 22 and comprise color filters
for transmitting red, green, and blue color components,
respectively. The electrodes 102 are respectively
formed on the color filters through a filter protective
film 116. An aligning film 103 is formed on the elec-
trodes 102. Electrodes 105 as in the third embodiment
are formed on the inner surface of an exit-side
substrate 107 opposing the incident-side substrate 104.
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An aligning film 106 is formed on the electrodes 105.
The exit-side substrate 107 is bonded by a seal member
108 to the incident-side substrate 104 so as to be
spaced apart from each other by a predetermined
distance. A polarizer 110, an analyzer 111, a first
retardation plate 112, a second retardation plate 113,
and a third retardation plate 114 are arranged in the
same manner as in the third embodiment shown in Fig. 12.
In the fourth embodiment, differences in phase

shifts of light components having different wavelengths
caused upon passing of the light components through the

liquid crystal cell can be minimized by the three retar-
dation plates as in the third embodiment, and coloring
of display colors can be eliminated. In addition,

- changes in display colors, which depend on view points,

can be minimized. .

Figs. 23R, 23G, and 23B, Figs. 24R, 24G, and 24B,
Figs. 25R, 25G, and 25B, and Figs. 26R, 26G, and 26B are
respectively CIE chromaticity diagrams which show
changes in hues of light components passing through the
color filters in a light-transmitting state (ON:ll )
and a light-shielding state (OFF: *) when the view point
is sequentially changed to 50° in units of 10° with
respect to a direction of a normal to the substrates in
an order of upper, left, lower, and right positions of
the liquid crystal displéy device of the fourth
embodiment. In order to compare the above results with
a conventional case, Figs. 27R, 27G, and 27B, Figs. 28R,
28G, and 28B, Figs. 29R, 29G, and 28B, and Figs. 30R,

. 30G, and 30B are respectively CIE chromaticity diagrams

which show changes in display colors in a light-
transmitting state (ON: ll ) and a light-shielding state
(OFF: *) when the view point is sequentially changed as
in the fourth embodiment in the conventional liquid
crystal display device. In this case, an arrow

- a indicates a change in chromaticity of a transmitted

light component in an ON state, and an arrow b indicates
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a change in chromaticity of a transmitted light compo-
nent in an OFF state. .

Figs. 23R, 23G, and 23B and Figs. 27R, 27G, and 27B
show changes in hues of transmitted light components at
different view points at the upper position of the
liquid crystal display device. Figs. 24R, 24G, and 24B
and Figs. 28R, 28G, and 28B show changes in hues of
transmitted light components at different view points at
the left position of the liquid crystal display device.
Figs. 25R, 25G, and 25B and Figs. 29R, 29G, and 29B show
changes in hues of transmitted light components at dif-
ferent view points at the lower position of the liquid
crystal display device. Figs. 26R, 26G, and 26B and
Figs. 30R, 30G, and 30B show changes in hues of trans-
mitted light components at different view points at the
right position of the liquid crystal display device.

The drawing numbers affixed with R represent changes in
hues of light components passing through the red filter.
The drawing numbers affixed with G represent changes in

‘hues of light components passing through the green

filter. The drawing numbers affixed with B represent
changes in hues of light components passing through the
blue filter. )

_ As is apparent from comparison between Figs. 23R,
23G, and 23B to Figs. 26R, 26G, and 26B, and Figs. 27R,
27G, and 27B to Figs. 30R, 30G, and 30B, in the color
liquid crystal display device of this embodiment,
changes in hues of transmitted light components at dif-
ferent view points can be minimized, and changes in dis-
play colors in different observation directions can be
minimized. ' '

' When three retardation plates are located on the
light exit side of the liquid crystal cell in the third
embodiment as shown in Fig. 12, electro-optical charac-
teristics upon changes in directions of phase delay axes
of the respective retardation plates and directions of
light-transmitting axes of the pair of polarizing plates
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are measured.

In the first arrangement, the polarizer 110 is
located so that its light-transmitting axis 1l10a is
rotated through +140° (a) counterclockwise with respect
to the incident-side direction 103a of aligning
treatment. The analyzer 111 is located so that its
light-transmitting axis 1lla intersects with the
incident-side direction 103a of aligning treatment
at an angle of 55° (g). o _

The first and second retardation plates 112 and 113
are retardation plates obtained by monoaxially stretch-
ing 'polycarbonate and having a An-d value of 300 nm to
400 nm, and preferably 360 nm or 370 nm (measurement
wavelength: 589 nm). The first tetardation plate 112 is
located so that' its phase delay axis 112a is inclined at
an angle of about 40° (y) with respect to the incident-
side direction 103a of aligning treatment. The second
retardation plate 113 is located so that its phase delay
axis 113a is inclined at an anglé of about 5° (8) with
respect to the incident-side direction 103a of aligning
treatment. h .

The third retardation plate 114 is located between
the second retardation plate 113 and the analyzer 111.
The third retardation plate 114 is located so that its
phase delay axis 114a is inclined at an angle of about
55° (B) with respect to the incident-side direction 103a
of aligning treatment. '

In this embodiment, the direction of the phase

- delay axis 1l4a of the third retardation plate 114 may

be changed. That is, the third retardation plate 114
may be located such that its phase delay axis ll4a is
inclined at an angle of about 145° (B) with respect to
the incident-side direction 103a of aligning treatment.
As described above, in this embodiment, the

polarizer 110 is located so that the light-transmitting
axis 110a of the polarizer 110 intersects with the
incident-side direction 103a of aligning treatment of
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the incident-side substrate 104 at an angle of about
140°. At the same time, the light-transmitting axes of
the polarizer 110 and the analyzer 111 intersect with
each other at an angle of about 85°. The first and sec-
ond retardation plates 112 and 113 are located between
the liquid crystal cell 101 and the exit-side analyzer
111. The first retardation plate 112 is located so that
its phase delay axis 112a intersects with the incident-
side direction 103a of aligning treatment of the _

. incident-side substrate 104 at an angle of about 40°.

The phase delay axes 112a and 113a of the first and
second retardation plates 112 and 113 intersect with
each other at an angle'of about 35°. At the same time,
the third retardatidn plate 114 is located between the
second retardation platé 113 and the analyzer 111 to be
adjacent to the exit-side analyzer 111 so that the phase
delay axis ll4a of the third retardation plate 114 is
parallel (or perpendicular) to the light-transmitting
axis 1l1lla of the adjécent analyzer 111.
Differences'in'phase shifts of light components
having different wavelengths upon passing of the light
components through the liquid crystal cell 101 can be
minimized by the pair of first and second retardation
plates 112 and 113, thereby compensating for coloring of

‘the display colors in the STN type liquid crystal dis-

play device. The third retardation plate 114 is located
adjacent to ‘the analyzer 111, so that the phase delay
axis 1l4a of the third retardation plate 114 becomes
almost parallel (or perpendicular) to the light-
transmitting axis 11la of the adjacent analyzer 111.
Therefore, the intensity of transmitted light on the
front surface of the liquid crystal cell 101 can be
increased, and the brightness of the image viewed from
the front surface of the liquid crystal display device
can be increased. Phase shifts of light components ver-
tically incident on the retardation plates 112, 113, and
114 and light components obliquely incident thereon are
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canceled by those of the three retardation plates 112,
113, and 114 because phase shifts caused by the retarda-
tion plates 112, 113, and 114 are different from each
other. As a result, the area having a high contrast can
be increased, and changes in display qolors‘ét different
view angles an be reduced.

Measurement results of electro-optical characteris-
tics of the liquid crystal display device described
above are shown in Figs. 31 to 38. Figs. 31 to 34 show
a case 'in which the An-d value of the liquid crystal
cell 101 is set to be 864 nm and the An-d value of each
of the retardation plates 112, 113, and 114 is set to be
370 nm. Figs. 35 to 38 show a case in which the An-.d
value of the liquid crystal cell 101 is set to be 864 nm
and the An-4d value of each of the retardation plates
112, 113, and 114 is set to be 360 nm. Figs. 31 and 35
represent Y-V characteristics representing a relation-
ship between transmittances (Y values) and drive volt-
ages (V) upon driving of the liquid crystal display
device in accordance with time-divisional driving at a
1/480 duty ratio and a 1/15 bias, and contrast values
obtained upon this driving. A solid line OFF represents
a change in transmittance upon application of an OFF
waveform, a dotted line ON represents a change in tran-
smittance upon application of an ON waveform, and a bro-
ken line CR represents the contrast. When the An-d
value of the retardation plate shown in Fig. 31 is 370
nm, the contrast is as high as 63 and the transmittance
is also as high as 73%. When the An-d value of the
retardation plate shown in Fig. 35 is set to be 360 nm,
the contrast is as high as 65, and the transmittance is
also as high as 72%. Figs. 32, 33, 36, and 37 show
equi-brightness curves when the screen is observed at
respéctive inclined angles with respect to the direction
of a normal to the liquid cfystal cell as in the charac-
teristics exhibited in the third embodiment. More
specifically, Figs. 32 and 36 show dark states, whereas
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Figs. 33 and 37 represent bright states. Concentric
ciréles'respectively represent 10°, 20°, 30°, 40°, and
50° directions inclined from the direction of the normal
to the substrates of the liquid crystal display device.
A black square T B repre_sents a transmittance of 10%, a

- hollow square ( [[]) représents a transmittance of 20%, a

black triangle (A) represents a transmittance of 30%, a
hollow triangle (A) represents a transmittance of 40%,
a black star ({}) represents a transmittance of 50%, a
hollow star (yk) represents a transmittance of 60%, and
a cross (+) represents a transmittance of 70%. As
shown in Figs. 32, 33, 36, and 37, the area having
a transmittance of less than 10% is large in the dark
state, and the area having a transmittance of 10% or
more is large in the bright state in this embodiment.
Figs. 34 and 38 show equi-contrast curves obtained
when the liquid crystal display device is observed from
different directions. Concentric circles in Figs. 34
and 38 represent 10°, 20°, 30°, 40°, and 50° directions
inclined from the direction of the normal to the subst-
rates in the liquid crystal display device from the
inner to the outer circles. A dot (e) represents a con-
trast of less than 1, i.e., represents that the bright
and dark states are reversed. A black square () rep-
resents a contrast of 10, a hollow square ( []) repre¥
sents a contrast of 20, a black triangle (A) represents
a contrast of 30, a hollow triangle () represents a
contrast of 40, a black star (ik) represents a contrast
of 50, a hollow star ({}) represents a contrast of 60,
a cross (+) represents a contrast of 70, a mark x
represents a contrast of 80, and a mark * represents
a contrast of 90. As shown in Figs. 34 and 38, the
area having a contrast of 10 or more is large in this
embodiment. The inverse area which appears at the upper
right position of the liquid crystal display device and
in which the bright and dark states are reversed is
small. Therefore, view angle characteristics are
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improved.

In the second arrangement, the polarizer 110 is
located so that its light-transmitting axis 110a is
rotated through +140° (a) with respect to the incident-
side direction 103a of aligning treatment. The analyzer
111 is located so that its light-transmitting axis 1llla
intersects with the incident-side direction 103a of
aligning treatment at an angle of 55° (g).

The first and second retardation plates 112 and 113
are retardation plates whose An-d value is 370 nm
(measurement wavelength: 589 nm). The first retardation
plate 112 is located so that its phase delay axis 112a
is inclined at an angle of about 40° (y) with respect to
the incident-side direction 103a of aligning treatment.

The second retardation plate 113 is located so that its

phase delay axis 113a is inclined at an angle of about
5° (8) with respect to the incident-side direction 103a
of aligning treatment. -

The third retardation plate 114 is located between
the second retardation plate.113 and the analyzer 111.
The third retardation plate 114 is located so that its
phase delay axis 1ll4a is inclined at an angle of about
55° (B) with respect to the incident-side direction 103a
of aligning treatment.

In the second arrangement, the phase delay axis
114a of the third retardation plate 114 may be set at

about 145° with respect to the incident-side direction
103a of aligning treatment.

As described above, in the second arrangement, the
pair of polarizing plates are located so that the light-
transmitting axis of one polarizing plate intersects
with the incident-side direction of aligning treatment
at an angle of about 140°. At the same time, the light-

. transmitting axes of the pair of polarizing plates

intersect with each other at an angle of about 85°. The
first and second retardation plates are located between
the pair of polarizing plates so that the phase delay
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axis of one plate intersects with the incident-side
direction of aligning treatment at an angle of about
40°, and the phase delay axes of them intersect with
each other at an angle of about 35°. 1In addition, the
third retardation plate is located between the pair of
polarizing plates and to be adjacent to one of the
polarizing plates so that the phase delay axis of the
third retardation plate is parallel or perpendicular to
the light-transmitting axis of the adjacent.poiarizing
plate. _

- Measurement results of electro—dptiéal characteris-
tics of the liquid crystal display device described
above are shown in Figs. 39 and 40. Figs. 39 and 40
represent Y-V characteristics representing a relation-
ship between transmittances (Y values) and drive volt-
ages (V) upon driving of the liquid crystal display
device in accordance with time-divisional driving at a
1/480 duty ratio and a 1/15 bias, and contrast obtained
upon this driving. A solid line OFF represents a change
in transmittance upon application of an OFF waveform, a
dotted line ON represents a change in transmittance upon
application of an ON waveform, and a broken line CR rep-
resents the contrast. As shown in Fig. 39, when the
phase delay axis 11l4a of the third retardation plate 114
is inclined at an angle of 55° with respect to the
incident-side direction 103a of aligning treatment, the
contrast is as high as 63, and the transmittance is also
as high as 72%. As shown in Fig. 40, when the phase
delay axis 1ll4a of the third retardation plate 114 is
inclined at an angle of 140° with respect to the
incident-side direction 103a of aligning treatment,
the contrast is relatively low, 39, but the trans-
mittance is as high as 72%. In the second arrangement,
even if the view point is changed, the area having a
high contrast is large, and changes in display colors
are minimized. ) \

As described above, in the second arrangement, the
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transmittance on the front surface of the liquid crystal
display device is very high, and the contrast levels are
high in all observation directions. In addition,
changes in hues of transmitted light components at dif-
ferent view point can be reduced, and the view angle
characteristics are improved.

In the third arrangement of the third embodiment
shown in Fig. 15 in which the three retardation plates
are located on the light exit side of the liquid crystal
cell, electro-optical characteristics upon changes in
directions of phase delay axes of the respective retar-
dation plates and directions of light-transmitting axes
of the pair of polarizing plates are measured.

In the third arrangement, the polarizer 110 is
located so that its light-transmitting axis 110a is
rotated through +140° (a) with respect to the incident-
side direction 103a of aligning treatment. The analyzer
111 is located so that its light-transmitting axis 1lla
intersects with the incident-side direction 103a of
aligning treatment at an angle of 55° (g).

The first and second retardation plates 112 and 113
are retardation plates obtained by monoaxially stretch-
ing polycarbonate and having a An-d value of 370 nm
(measﬁrement wavelength: 589 nm). The first retardation
plate 112 is located so that its phase delay axis 1l12a
is inclined at an angle of about 40° (y) with respect to
the incident-side direction 103a of aligning treatment.
The second retardation plate 113 is located so that its
phase delay axis 1l13a is inclined at an angle of about
5° (8) with respect to the incident-side direction 103a
of aligning treatment.

The third retardation plate 114 is located so that
its phase delay axis ll4a is inclined at an angle of
about 50° (B) with respect to the incident-side direc-
tion 103a of aligning treatment. | |

In the third arrangement, the phase delay axis ll4a
may be located to be parallel to a direction of about
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140° with respect to the incident-side direction 103a of
aligning treatment. _ ' '

As described above, in the third arrangement, the
pair of polarizing plates are located so that the light-
transmitting axis of one polarizing plate intersects
with the incident-side direction of aligning treatment
at an angle of about 140°. At the same time, the light-
transmitting axes of the pair.of polarizing plates
intersect with each other at an angle of about 85°. The

first and second retardation plates are located between

the pair of polarizing plates so that the phase delay
axis of one plate intersects with the incident-side
direction of aligning treatment at an angle of about
40°, and the phase delay axes of the respective plates:
intersect with each other at an angle of about 35°. 1In
addition, the third retardation platé is located between
the pair of polarizing plates to be adjacent to one of
the polarizing plates so that the phase delay axis of -

the third retardation plate is parallel or perpendicular

to the light-transmitting axis of the adjacent polariz--
ing plate.

Measurement results of electro-optical characteris-
tics of the liquid crystal display device described
above are shown in Figs. 41 to 49. Figs. 41 to 48B show
electro-optical characteristics of the liquid crystal
display device of the third arrangement.

Fig. 41 represents Y-V characteristics representing
a relationship between transmittances (Y values) and
drive voltages (V) upon driving of the liquid crystél
display device in accordance with timefdivisional driv-
ing at a 1/480 duty ratio and a 1/15 bias, and contrast
values obtained upon this driving. A solid line OFF
represents a change in transmittance upon application of
an OFF waveform, a dotted line ON represents a change in
transmittance upon application of an ON waveform, and a
broken line CR represents the contrast. As shown in
Fig. 41, in the third arrangement, the contrast is as
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high as 66, and the transmittance is also as high as
73%.. Figs. 42 and 43 show equi—brighthess curves
obtained when the liquid crystal cell is observed from
different directions inclined with respect to the direc-
tion of the normal to the liquid crystal cell. Fig. 42
shows a case in a dark state, and Fig. 43 shows a case
in a bright state. '

As shown in Figs. 42 and 43, in the third
arrangement, the area having a transmittance of _
less than 10% is large in a dark state. 1In a bright
state, the area having a transmittance of 10% or more is
large. _ _

Fig. 44 shows equi-contrast curves obtained when
the liquid crystal display device is observed from dif-
ferent directions.

As shown in Fig. 44, in the third arrangément, the
area having a contrast of 10 or more is large, and the
reverse area which appears at the upper right portion in
the liquid crystal display device and in which the
bright and dark states are reversed is small.

Therefore, the view angle characteristics are improved.

Figs. 45A and 45B, Figs. 46A and 46B, Figs. 47A and
47B, and Figs. 48A and 48B are CIE chromaticity diagrams
showing voltage-transmittance characteristics representé
ing changes in transmittance as a function of the vblt-
age applied when a view direction is changed in units of
10° from the normal to the liquid crystal display
device, and changes in display colors upon application
of the voltage. More specifically, Figs. 45A and 45B
show the voltage-transmittance characteristics obtained
when the view direction is changed in units of 10° with
respect to the normal to the liquid crystal cell in the
left direction, i.e., the +150° direction with respect
to the incident-side direction 103a of aligning
treatment, and the CIE chromaticity diagrams represent-
ing the chanhges in display colors. Figs. 46A and 46B

show the voltage-transmittance characteristics obtained
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when the view direction is changed in units of 10° with
respect to the normal to the liquid crystal cell in the
right direction, i.e., the +330° direction with respect
to the incident-side direction 103a of aligning
treatment, and the CIE chromaticity diagrams represent-
ing the changes in display colors. Figs. 47A and 47B
show the voltage-transmittance characteristics obtained
when the view direction is changed in units of 10° with
respect to the normal to the liquid crystal cell in the
upper direction, i.e., the +60° direction with respect
to the incident-side direction 103a of aligning
treatment, and the CIE chromaticity diagrams represent-
ing the changes in display colors. Figs. 48A and 48B
show the voltage-transmittance characteristics obtained
when the view direction is changed in units of 10° with
respect to the normal to the liquid crystal cell in the
lower direction, i.e., the +240° direction with respect
to the incident-side direction 103a of aligniﬁg
treatment, and the CIE chromaticity diagrams represent-
ing the changes in display colors. A black square ( B )

‘and a solid line represent the data obtained when the

view direction is the normal to the liquid crystal cell,
a hollow square ( []) and a dotted line represent the
data obtained when the view direction is at 10°

to the direction of the normal to the liquid crystal
cell, a blank triangle (A) and a broken line represent
the data obtained when the direction inclines by 20°
from the direction of the normal to the liquid crystal
cell, a hollow triangle (Zl) and the alternate long and

'short dashed line represent data obtained when the view

direction is at 30° to the direction of the normal to
the liquid crystal cell, a black star (1&1 and the
alternate long and two short dashed line represent-the
data obtained when the view direction is 40° at the
direction of the normal to the liquid crystal cell, and
a hollow star (f}) and a thin dotted line represent the
data obtained when the view direction is at 50° to the
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direction of the normal to the liquid crystal Cell.
As is apparent from the above drawings, steep

voltage-transmittance characteristic curves are

obtained. _ _

Fig. 49 shows Y-V characteristics representing
changes in transmittance as a function of the drive
voltage of time-divisional driving when the phase delay
axis 1l4a of the third retardation plate 114 is inclined
at an angle of 140° with respect to the incident-side
direction 103a of aligning treatment. 1In this case, the
transmittance in the bright state is high, and the con-
trast is also high.

[Fifth Embodiment]

The fifth embodiment exemplifies an arrangement in
which a pair of retardation plates whose phase delay
axes are almost perpendicular to each other and two
additional retardation plates are located between a
polarizer and an analyzer in an STN type liquid crystal
display device to correct the display colors and improve
the view angle characteristics. The same reference
numerals as in the third embodiment denote the same
parts in the fifth embodiment.

- Referring to Fig. 50, a polarizer 110 and _
an analyzer 111 are respectively arranged on the two
sides of a liquid crystal cell 101. First, éecond,
third, and fourth retardation plates 112, 113, 114, _
and 117 are located between the light exit side subst-
rate of the liquid crystal cell 101 and the analyzer
111.

The polarizer 110 is located so that its light-
transmitting axis 110a is rotated through +140° (a)
counterclockwise with respect to an incident-side direc-
tion 103a of aligning treatment. ' The énalyzer 111 is
located so that its light-transmitting axis llla is at
55° (£) to the incident-side direction 103a of aligning
treatment.

The first, second, third, and fourth retardation
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plates 112, 113, 114, and 117 comprise retardation
plates obtained by monoaxially stretching polycarbonate.
The An-d value of each of the first and second retarda-
tion plates is set to be 400 nm (measurement wavelength:
589 nm), and the An-d of each of the third and fourth
retardation plates is set to be 350 nm to 450 nm
(measurement wavelength: 589 nm). '

The first retardation plate 112 is located so that
its phase delay axis 112a is inclined at an angle of
about 40° (B) with respect to the incident-side direc-
tion 103a of aligning treatment. The second retardation
plate 113 is located so that its phase delay axis 113a
is inclined at an angle of about 5° (y) with respect to
the incident-side direction 103a of aligning treatment.
The third retardation plate 114 is located so that its
phase delay axis 1l4a is inclined at an angle of about
60° (6) with respect to the incident-side direction 103a
of aligning treatment. The fourth retardation plate 117
is located so that its phase delay axis 117a is inclined
at an angle of about 150° (n) with respect to the
incident-side direction 103a of aligning treatment.

In this embodiment, the directions of the phase
delay axes 1145 and 117a of the third and fourth retar-
dation plates 114 and 117 may be changed. For example,
the phase delay axis ‘114a of the third retardation plate
114 may be inclined at an angle of 150° with respect to '
the incident-side direction 103a of aligning treatment,
and the phase delay axis 117a of the fourth retardation
plate 117 may be inclined at an angle of about 60° with
respect to. the incident-side direction 103a of aligning
treatment.

Differences in amounts of phase shifts of light
components having different wavelengths caused when the
light components pass through the liquid crystal cell
can be almost corrected since the four retardation
plates are used, thereby eliminating coloring of the
display colors. In addition, since the phase delay. axes
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of the third and fourth retardation plates are almost
perpendicular to each other, the differences in phase
shifts at different view angles can be canceled by the
two pairs of retardation plates, thereby improv1ng the
view angle characteristics.

A transmittance distribution in an OFF state is
shown in Fig. 51, a transmittance distribution in an ON
state is shown in Fig. 52, and equi-contrast curves are
shown in Fig. 53. As shown in Fig. 51, in the OFF
state, leakage of light from the front surface of the
liquid crystal display device is small. As shown in
Fig. 52, transmittances in the ON state are large in all
directions. In addition, as shown in Fig. 53, the area
having a contrast of 10 or more is increased, and the
inverse area which appears in the upper portion of the
liquid crystal display device is reduced. At the same
time, the reverse area in the lower right portion of the
liquid crystal display device disappears. According to
this embodiment, the view angle is increased.

As shown in the fifth embodiment, when four retar-
dation plates are used, the polarizer 110, the analyzer
111, and the four retardation plates 112, 113, 114, and
117 are preferably located as follows. With reference
to the incident-side direction 103a of aligning

- treatment, an angle a of the light-transmitting axis

110a of the polarizer 110 falls within the range of 135°
to 145°; an angle £ of the light-transmitting axis 1llla

~of the analyzer 111 falls within the range of 50° to

60°; an angle B of the phase delay axis 112a of the

‘first retardation plate 112 falls within the range of
'35° to 45°; an angle y of the phase delay axis 1l3a of

the second retardation plate 113 falls within the range
of .0° to 10°; and an angle k of the phase delay axis
114a of the third retardation plate 114 falls within the

range of 55° to 65° or 145° to 155°. Alternatively, the

phase advance axis normal to the phase delay axis 1ll4a

: may be set at 55°to 65° or 145° to 155° to the
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~incident-side direction 103a of aligning treatment. An

angle n of the phase delay axis 117a of the fourth
retardation plate 117 is set to be about 90° with
respect to the phase delay axis 114a of the third retar-

dation plate 114. In addition, in the fifth embodiment,

the An-d value of the liquid crystal cell 101 preferably
falls within the range of 825 nm to 875 nm. When the
An-d values of the first and second retardation plates
112 and 113 are the same and fall within the range of
375 to 425 nm and the An-d values of the third and
fourth retardation plates 114 and 117 are the same and
fall within the range of 300 nm to 450 nm, almost equal
characteristics can be obtained. " Therefore, the'An-d
values of these retardation plates preferably fall
within the above ranges. )

Figs. 54A and 54B show equi-contract curves when
each of the An-d values of the four retardation plates
112, 113, 114, and 117 is set to be 400 nm. Fig. 54A
shows a case in which the angle § of the phase delay
axis 11l4a of the third retardation plate 114 is set to
be 60°, and the angle n of the phase delay axis 117a of
the fourth retardation plate 117 is set to be 150°.
Fig. 54B shows a case in which the angle 8§ of the phase
delay axis ll4a of the third retardation plate 114 is
set to be 150°, and the angle n of the phase delay axis
117a of the fourth retardation plate 117 is set to be
60°. :

As shown in Figs. 54A and 54B, the area having a
contrast of 10 or more is increased, and the reverse
area which appears in the upper portion of the liquid

‘crystal display device.is reduced. Therefore, the An-d

values of all the first to fourth retardation plates 112
to 117 can be equal to each other. 1In this case, if
each An-d value is set to be 400 nm, identical retarda-
tion plates can be used to obtain a manufacturing
advantage.
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[Sixth Embodiment]

" The sixth embodiment obtained when the layout of
the third and fourth retardation plates in the fifth
embodiment is changed will be described below. The same
reference numerals as in the fifth embodiment denote the
same parts in the sixth embodiment.

Referring to Fig. 55, a liquid crystal cell 101 is
formed as in the liquid crystal cell of the third
embodiment. A polarizer 110 comprising a linearly
polarizing plate is located outside or below an
incident-side substrate 104 of this liquid crystal cell
101. An analyzer 111 similarly comprising a iinearly
polarizing plate is located above an exit-side substrate
107 of the cell 101. First and second retardation
plates 112 and 113 are located between the exit-side
substrate 107 of the liquid crystal cell 101 and the
analyzer 111, and third and fourth retardation plates -
114 and 117 are located between the first and second
retardation plates 112 and 113.

The polarizer 110 is located so that its light-
transmitting axis 110a is rotated through +140° (a)
counterclockwise with respect to an incident-side direc-
tion 103a of aligning treatment. The analyzer 111 is
located so that its light—transmitting axis 1llla inter-
sects with the incident-side direction 103a of aligning
tréatment at an angle of 55° (g).

The first, second, third, and fourth retardation
plates 112, 113, 114, and 117 comprise retardation
plates obtained by monocaxially stretching polycarbonate.

‘The An-d value of each of the first and second retarda-

tion plates 112 and 113 is set to be 400 nm (measurement
wavelength: 589 nm), and the An-d of each of the third
and fourth retardation plates 114 and 117 is set to be
350 nm to 450 nm (measurement wavelength: 589 nm). '

The first retardation plate 112 is located so that
its phase delay axis 112a is inclined at an angle of
about 40° (B) with respect to the incident-side
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direction 103a of aligning treatment. The second retar-

dation plate 113 is located so that its phase delay axis

113a is inclined at an angle of about 5° (y) with
respect to the incident-side direction 103a of aligning
treatment. The third retardation plate 114 arranged
between the first and second retardation plates 112 and
113 is located so that its phase delay axis 1ll4a is
inclined at an angle of about 60° (§) with respect to
the incident-side direction 103a of aligning treatment.
The fourth retardation plate 117 is located so that its
phase delay axis 117a is inclined at an angle of about
150° (90° with respect to the phase delay axis ll4a of
the third retardation plate 114 in Fig. 55) (n) with
respect to the incident-side direction 103a of aligning
treatment. '

In the sixth embodiment, the phase delay axes 1ll4a
and 117a of the third and fourth retardation plates 114 .
and 117 may also be changed. For example, the phase
delay axis 1l4a of the third retardation plate 114 may
be inclined at an angle of 150° (&) with respect to the
incident-side direction 103a of aligning treatment, and
the phase delay axis 117a of the fourth retardation
plate 117 may be inclined at an angle of about 60° (n)
with respect to the incident-side direction 103a of
aligning treatment. _

In the sixth embodiment, differences in phase
shifts of light components having different waveléngths
upon passing of the light components through the liquid
crystal cell can be almost corrected since the four
retardation plates are used, thereby eliminating color-
ing of the display colors. In addition,‘sinde the phase
delay axes 1l4a and 117a of the third and fourth retar-
dation plaﬁes 114 and 117 are almost perpendicular to
each other, the differences in phase shifts at different
view points can be canceled by these retardation plates,
thereby improving the view angle characteristics.

Figs. 56A and 56B show=equi—contrast curves.
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Fig. 56A shows a case in which the angle § of the phase

delay axis 1l4a of the third retardation plate 114 is
set to be 60° and the angle n of the phase delay axis
117a of the fourth retardation plate 117 is set to be
150°. Fig. 56B shows a case in which the angle § of the
phase delay axis 114a of the third retardation plate 114
is set to be 150° and the angle n of the phase delay
axis 117a of the fourth retardation plate 117 is set to
be 60°. As shown in Figs. 56A and 56B, the area having
a contrast of 10 or more is increased, and the reverse
area which appears in the upper portion of the liquid
crystal display device is reduced. |
[Seventh Embodiment]

The seventh embodiment of the present invention |
will be described with reference to Fig. 57 and Figs.
58A to 58D. The same reference numerals as in the fifth
embodiment denote the same parts in the seventh |
embodiment. _

Referring to Fig. 57, a liquid crystal cell 101 is
formed as in the liquid crystal cell of the fifth
embodiment. A polarizer 110 comprising a linearly
polarizin§ plate is located outside or below an
incident-side substrate 104 of this liquid crystal cell

©101. An analyzer 111 similarly comprising a linearly

polarizing plate is located above an exit-side substrate

107 of the cell 101. First and second retardation

plates 112 and 113 are located between the exit-side
substrate 107 and the analyzer 111, and third and fourth.
retardation plates 114 and 117 are located between the
incident-side substrate 104 and the polarizer 110. '

The polarizer 110 is located so that its light—
transmitting axis 110a is rotated through +140° (a)
counterclockwise with respect to an incident-side direc-
tion 103a of aligning treatment. The analyzer 111 is
located so that its light-transmitting axis 1l1la inter-
sects with the incident-side direction 103a of aligning
treatment at an angle of 55° (g£). '
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The first, second, third, and fourth retardation
plates 112, 113, 114, and 117 comprise retardation
plates obtained by monoaxially stretching polycarbonate.
The An-d value of each of the first and second retarda-
tion plates 112 and 113 is set to be 400 nm (measurement
wavelength: 589 nm), and the An-d of each of the third
and fourth retardation plates 114 and 117 is set to be
350 nm to 450 nm (measurement wavelength: 589 nm).

" The first retardation plate 112 is located so that
its phase delay axis 112a is inclined at an angle of
about 40° (B) with respect to the incident-side direc-
tion 103a of aligning treatment. The second retardation
plate 113 is located so that its phase delay axis 113a
is inclined at an angle of about 5° (y) with respect to
the incident-side direction 103a of aligning treatment.
The third retardation plate 114 is located so that its
phaSe delay axis 1ll4a is inclined at an angle of about:
30° (8) with respect to the incident-side direction 103a
of aligning treatment. The fourth retardation plate 117
is located so that its phase delay axis 117a is inclined
at an angle of about 120° (90° with respect to the phase
delay axis 1l4a of the third retardation plate 114 in
Fig. 57) (n) with respect to the incident-side direction
103a of aligning treatment.

In the seventh embodiment, the phase delay axes
1l14a and 117a of the third and fourth retardation plates
114 and 117 may also be changed. For example, the phase
delay axis 114a of the third retardation plate 114 may
be inclined at an angle of 120° (§) with respect to the
incident-side direction 103a of aligning treatment, and
the phase delay axis 117a of the fourth retardation
plate 117 may be inclined at an angle of about 30° (n)
with respect to the incident-side direction 103a of
aligning treatment. Alternatively, the phase delay axis
1l4a of the third retardation plate 114 may be inclined

- at an angle of about 45° (§) with respect to the

incident-side direction 103a of aligning treatment and
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the phase delay axis 117a of the fourth retardation
plate 117 may be inclined at an angle'of about 135° (n)
with respect to the incident-side direction 103a of
aligning treatment; or the phase delay axis 1l14a of the
third retardation plate 114 may be inclined at an angle
of about 135° (&) with fespect to the incident-side -
direction 103a of aligning treatment and the phase
delay axis 117a of the fourth retardation plate 117 may
be inclined at an angle of about 45° (n) with respect
to the incident-side direction 103a of aligning
treatment. Alternatively, the phase advance axis normal
to the phase delay axis 114a of the third retardation
plate 114 may be set at about 135° to the incident-side
direction 103a of aligning treatment and the phase
advance axis normal to the phase delay axis 117a

of the fourth retardétion plate 117 may be set at about
45° to the incident-side direction 103a of aligning
treatment. .

In the seventh embodiment, differences in phase
shifts of light components'having different wavelengths
upon passing of the light components through the liquid
crystal cell can be almost corrected since the four
retardation plates are used, thereby eliminating-color—
ing of the diéplay colors. In addition, since the

- phase delay axes 1ll4a and 117a of the third and fourth

retardation plates 114 and 117 are almost perpendicular
to each other, the differences in phase shifts at dif-
ferent view angles can be canceled by these retardation
plates, thereby improving the view angle
characteristics.

As shown in the seventh embodiment, when'four
retardation plates are used, the polarizer 110, the
analyzer 111, and the four retardation plates 112, 113,
114, and 117 are preferably located as follows. With
reference to the incident-side direction 103a of align-
ing treatment, an angle a of the light-transmitting axis
110a of the polarizer 110 falls within the range of 135°
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" to 145°; an angle £ of the light-transmitting axis lila

of the analyzer 111 falls within the range of 50° to
60°; an angle B of the phase delay axis 112a of the
first retardation plate 112 falls within the range of
35° to 45°; an angle y of the phase delay axis 113a of

"~ the second retardation plate 113 falls within the range

of 0° to 10°; and an angle § of the phase delay axis
114a of the third retardation plate 114 falls within the
range of 25° to 50° or 115° to 140°. An angle n of the
phase delay axis 117a of the fourth retardation plate
117 is set to be about 90° with respect to the phase
delay axis 114a of the third retardation plate 114. 1In
addition, in the seventh embodiment, the An-4d value of
the liquid crystal cell 101 preferably falls within the
range of 825 nm to 875 nm. When the An-d values of the
first and second retardation plates 112 and 113 are the
same and fall within the range of 375 to 425 nm and the
An-d values of the third and fourth retardation plates
114 and 117 are the same and fall within the range of_

300 nm to 450 nm, almost equal characteristics can be

obtained. Therefore, the An-d values of these retarda-
tion plates 112, 113, 114, and 117 preferably fall
within the above ranges.

Figs. 58A to 58D show equi-contract curves.
Fig. 58A shows a case in which the angle 8 of the phase
delay axis 114a of the third retardation plate 114 is
set to be 30°, and the angle n of the phase délay axis
117a of the fourth retardation plate 117 is set to be
120°. Fig. 58B shows a case in which the angle § of the
phase delay axis 1l14a of the third retardation plate 114
is set to be 120°, and the angle n of the phase delay
axis 117a of the fourth retardation plate 117 is set to
be 30°. Fig. 58C shows a case in which the angle § of
the phase delay axis l1ll4a of the third retardation plate
114 is set to be 45°, and the angle n of”the phase delay
axis 1l17a of the fourth retardation plate 117 is set to
be 135°. Fig. 58D shows a case in which the angle § of



(L

10

15

20

25

30

35

- 54 -

the phase delay axis 114a of the third retardation plate
114 is set to be about 135°, and the angle n of the
phase delay axis 117a of the fourth retardation plate
117 is set to be about 45°. Altetnatively, the phase
advance axis normal to the phase delay axis 1l4a of the
third retardation plate 114 may be set at about 135°

and the phase advance axis normal to the phase delay
axis 117a of the fourth retardation plate 117 may set

at about 45° to the incident-side direction 103a of
aligning treatment. -

As shown in Figs. 58A to 58D, according to the
seventh embodiment, the area having a contrast of 10 or
more is increased, and the reversée area which appears in
the upper portion of the liquid crystal display device
is reduced.

[Eighth Embodiment]

The eighth embodiment of the present invention will
be described with reference to Fig. 59 to Figs. 62A and
62B. The same reference numerals as in the fifth embod-
iment denote the same parts in the eighth embodiment,
and a detailed description thereof will be omitted.

_ Referring to Fig. 59, a liquid crystal cell 101 is
formed as in the liquid crystal cell of the fifth
embodiment. A polarizer 110 comprising a'linearly
polarizing plate is located outside or below an
incident-side substrate 104 of this liquid crystal cell
101. An analyzer 111 comprising a linearly polarizing
plate is located above an exit-side substrate 107 of the
cell 101. First, second, and fourth retardation plates
112, 113, and 117 are located between the exit-side
substrate 104 of the liquid crystal cell 101 and the
analyzer 111 in the order named. A third retardation
plate 114 is located between the incident-side substrate
104 of the cell 101 and the polarizer 110.

The polarizer 110 is located so that its light-
transmitting axis 110a is rotated through +140° (a)
counterclockwise with respect to an incident-side
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direction 103a of aligning treatment. The analyzer 111
is located so that its light-transmitting axis 1ll1la
intersects with the'incident—side direction 103a of
aligning treatment at an angle of 55° (g).

The first, second, third, and fourth retardation
plates 112, 113, 114, and 117 comprise retardation
plates obtained by monoaxially stretching polycarbonate.
The An-d values of each of the first and second retarda-

- tion plates 112 and 113 is set to be 400 nm (measurement

wavelength: 589 nm), and the An-d of each of the third
and fourth retardation plates 114 and 117 is set to be

350 nm to 450 nm (measurement wavelength: 589 nm).

The first retardation plate 112 is .Jocated so that
its phase delay axis 112a is inclined at an angle of
about 40° (B) with respect to the incident-side direc-
tion 103a of aligning treatment. The second retardation
plate 113 is located so that its phase delay axis 113a
is inclined at an angle of about 5° (y) with respect to
the incident-side direction 103a of aligning treatment.

‘The fourth retardation plate 117 is located so that its

phase delay axis 117a is inclined at an angle of about

'55° (n) with respect to the incident-side direction 103a

of aligning treatment. The third retardation plate 114
is located so that its phase delay axis .114a is inclined
at an angle of about 140° (§) with respect to the
incident-side direction 103a of aligning treatment.

In the eighth embodiment, differences in phase
shifts of light components having different wavelengths
upon - passing of the light components through the liquid
crystal cell 101 can be almost corrected since the
four retardation plates are used, thereby eliminating
coloring of the display colors. In addition, since the
phase delay axes 114a and 117a of the third and fourth
retardation plates 114 and 117 are almost. perpendicular
to each other, the differences in phase shifts at dif-
ferent view angles can be canceled by these retardation
plates, thereby improving the view angle
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characteristics. _

As shown in the eighth embodiment, when four retar-
dation plates are used, the polarizer 110, the analyzer
111, and the four retardation plates 112, 113, 114, and
117 are preférably located as follows: with reference to
the incident-side direction 103a of aligning freatment,
an angle a of the'light—transmitting axis 110a of the
polarizer 110 preferably falls within the range of 135°
to 145°; an angle £ of the light-transmitting axis 1l1l1a
of the analyzer 111 preferably falls within the range of
50° to 60°; an angle B of the phase delay axis 112a of"
the first retardation plate 112 preferably falls within
the range of 35° to 45°; an angle y of the phase delay
axis 113a of the second retardation plate 113 preferably
falls within the range of 0° to 10°; an angle § of the
phase delay axis 114a of the third retardation plate 114
preferably falls within the range of 135° to 145°; and
an angle n of the phase delay axis 117a of the fourth
retardation plate 117 preferably falls within the range
of 50° to 60°. The An-d value of the liquid crystal
cell 101 preferably falls within the range of 825 nm to
875 nm. When the An-d values of the first and second
retardation plates 112 and 113 are the same and fall
within the range of 375 to 425 nm and the An-d values of
the third and fourth retardation plates 114 and 117 are
the same and fall within the range of 300 nm to 450 nm,
almost equal characteristics can be obtained.

Therefore, the An-d values of these retardation plates
112, 113, 114, and 117 preferably fall within the above
ranges.

Fig. 57A shows a transmittance distribution in an
OFF state, Fig. 57B shows a CIE chromaticity diagram
in the OFF state, Fig. 60A shows a transmittance distri-
bution in an ON state, and Fig. 60B shows a CIE
chromaticity diagram in the ON state. Fig. 61A shows
equi-contrast curves. Fig. 61B shows a CIE chromaticity
diagram representing changes in colors during
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a transition period from the ON state to the OFF state.

As shown in Fig. 59A, light leaking from the front
surface of the liquid crystal display device in the OFF
state is small.- When the view angle is increased, leak-
age light appéars from the upper portion of the liquid
crystal display device. As shown in Fig. 60A,;the
transmittances in the ON state are large in all |
directions. As shown in Fig. 61A, the area having a
contrast of 10 or more is increased, the reverse area
which appears in the upper portion of the liquid crystal
display device is reduced, and the reverse area in the
lower right portion of the device disappears. According
to this embodiment, the view angle is increased, and the
view angle characteristics are improved. |
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Claims:

1. A liquid crystal display device comprising:

a liquid crystal cell including a pair of sub-
strates having opposite surfaces on which electrodes
arranged perpendicular to each other and aligning films
subjected to an aligning treatment in a predetermined
direction and formed to cover said electrodes are
fofmed, and a liquid crystal material sealed between
said aligning films, twisted in a range of 200° to 240°
from one of said pair of substrates to the other of said
pair of substrates, and having a product An-d of a
refractive index anisotropy An and a layer thickness d
falling within a range of 700 nm to 900 nm;

a polarizer located outside of a light incident’

" side of said pair of substrates and having a direction

of an optical axis falling within a range of 135° to
180° with respect to a first direction of aligning
treatment performed on saidﬁaligning film of the
incident-side substrate of said pair of substrates; and

an analyzer located outside of a light exit side of
said pair of substrates and having a direction of an
optical axis falling within a range of 50° to 105° with
respect to the first direction of aligning treatment,
characterized in thét '

first and second retardation plates (112, 113) each
having a product An-d of a refractive index anisotropy
An and a layer thickness d of 350 nm to 600 nm are
located between said polarizer (110) and said analyzer
(111). -

2. A liquid crystal display device according to
claim 1, characterized in that said first and second
retardation plates (112, 113) are located between said
liquid crystal cell (101) and one of said polarizer
(110) and analyzer (111).

3. A liquid crystal display device according to
claim 1, characterized in that said first and second
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retardation plates (112, 113) are located to sandwich
said liquid crystal cell (101) therebetween. '

4. A liquid crystal display device according to
claim 1, characterized by further comprising a third
retardation plate (114) located between said polarizer
(110) and analyzer (11l1) and having a product An-4d of a
refractive index anisotropy An and a layer thickness d
of 350 nm to 600 nm. '

5. A liquid crystal display device according to
claim 4, characterized in that said first, second, and
third retardation plates (112 - 114) are located between
said liquid crystal cell (101) and one of said polarizer
(110) and analyzer (1ll1). _

6. A liquid crystal display device according to
claim 4, characterized in-that said first and second
retardation plates (112, 113) are located between said
liquid crystal cell (101) and one of said polarizer
(110) and analyzer (111), and said third retardation
plate (114) is located between said liquid crystal cell
(101) and the other of said polarizer (110) and analyzer
(111). | |

7. A liquid crystal display device 1, character-
ized by further comprising third and fourth retardation
plates (114, 117) which are located between said pol-
arizer (110) and analyzer (112) and each of which has a
product An-d of a refractive index anisotropy An and a
layer thickness 4 of 350 nm to 600.

8. A liquid crystal display device according to
claim 7, characterized in that said first, second,
third, and fourth retardation plates (112 - 114, 117)
are located between said liquid crystal cell (101) and
one of said polarizer (110) and analyzer (112).

9. A liquid crystal display device according to
claim 8, characterized in that said first and second
retardation plates (112, 113) are located between said
liquid crystal cell (101) and one of said polarizer
(110) and analyzer (111), and said third and fourth
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retardation plates (112, 113) are located between :ald
liquid crystal cell (10l1) and the other of said polar
izer (110) and analyzer (1lll).
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