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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
5 ‘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
10 - angle are also required. In order to safisfy these needs,
. of all the liquid crystal display devices, a.super—twisted
jhﬁ nematic type (to be referred to as an STN type _
?;.(.ﬁ; hereinafter) simple matrix liquid crystal display'device
' _ capable of performing highly time-divisional ‘driving and
.'ﬁ“'w 15 exhibiting a relatively high contrast has been used as a
Lo 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
20 the inner surfdces of the opposite substrates in direc-
tions perpendicular to each other, aligning films formed
to cover the electrode formatlon surfaces to allgn lig-
uid crystal molecules in a predetermined direction,
a liquid crystal matekial sealed between the aligning
25 films, and a pair of polarizing plates arranged outside
the pair of substrates so as to sandwich the pair of
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15 J exh|b|t|ng a relatively high contrast has been used as a display
‘dévi ce for the office automation equipnment. This STN type sinple matrix
i quid crystal device conprises opposite substrates spaced apart from each
othef by a predeterm ned distance, electrodes fornmed on 20 t he i nner
surfaces of the opposite substrates in dir2ec- tions perpendicular to each
‘other, aligning filns forned to cover the electrode formation surfaces to

align lig- uid c tal nolecyles jn a det ed direction, a liquid
crystal materi ng) Xed8Spet R ithETYS %ﬁi eSf iNear thei aligningf
pol ari zi ng pl attéimar maeged igues da tahelmdtm‘n Siﬂ)sstlrlaﬁﬁ.&lgs%ﬁaﬁn‘iér?@ndw ch

- the pair of by alignment regulating forces of the aligning films.
The molecules aré twisted at an angle of 180° to 270°
5 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

10 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

15 driving, the twist angle of the liquid crystal material
is increased, 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

20 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

(4 25 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

30 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. '

35 - 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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-2- substrates. Liquid crystal nolecules near the aligning filns are
allgned>|n a direction of aligning treatment by alignment regulating forces
of the aligning films. The nolecules are twisted at an angle of 180[err] to
270[®rr] 5 fromone substrate to the other substrate al ong the pre-
determned direction of aligning treatnent,by the align- nment regul ating
forces. The aligning state of the liquid crystal nolecules is changed upon
application of an electric field across 10 t he opposite el ectrodes. An

op}ical changelnvémféi: ¢ f hereCedd @f'ﬂﬂﬁ%ﬁmpﬁné’déﬁi@h'ééﬂlbiséaémpalr of
per ate | ho abdte 34 aryatart ofs hogh,Costi mad n Belky aleBLAtn ni gy
'time-divisionaldevice. Coloring of the display contents cannot be sat-
isfactorily eliminated, and the view angle is kept
5 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
10 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
15 " 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
'20 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 the

direction of the normal to the substrates. The contrast
(_ is greatly decreased when the view angle is increased .

25 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.

30 - 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. |

35 Figs. 2A, 2B, 2C, and 2D show CIE chromaticity dia-
grams representing changes in display colors in light-
transmitting (ON: [ ] ) and light-shielding (OFF: *)



15 ‘driving, the twist angle of the liquid crystal material is increased,-
and to pbtain a higher visual contrast, a birefringence effect of the

| Pquid crystal is utilized to undesirably cause coloration of display
cont&nts. In addition, since the view angle is snmall, the display 20

-col ors change dependlng on angles at which,an observer observes the
display. In order to solve the coloration problen1descr|bed above, a

two-| ayered STN type liquid crystal device is proposed wherein a drive cel
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crystal nol ecul Bej#l¥get ckhe %?§m§%aEReHhFoSPBFﬁratﬁﬁoipayéﬁeé0°
structure. In tdisettwohayrreditdNofype-| iquad etfetabfduppedy left,

lower, and right sides of the liquid crystal display
5 device. 1In this case, an arrow b in each diagram
indicates a direction of a change in chromaticity of
transmitted 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
10 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
15 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
20 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
(. 25 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
30 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
35 700 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



30 device, differences in phase shifts caused by |ight com ponents
havi ng diff ferent wavel engths in the drive cell can be conpensated by the
conpensation cell. Coloration of the display contents can be suppressed to

‘obtaih an al nost bl ack-and-white display. 35

In the STN type liquid

crystal display device described above, since a liquid crystal cell simlar
to the drive cell isnysedrasibheteongensatiitdn regblectt B8 a £i3st direction
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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 lignht-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-transmitting axis

oI one of the first and seconi retardation plates prefera-

- tly intersects with the first cdirection of aligning treat-
ransm

of ali
rent et an angle of about 40°, and the light-t
axis of the other preferably intersects wi



i sfactorily elimnated, and the view angle is kept 5 small, resulting in
I nconvenfence. Fig. 1 shows equi- contrast curves in the conventi onal
two-| ayered STN type liquid crystal display device. These equi-contrast
curveés represent contrast val ues obtained when viewed from 10[err],
20[err], 30[err], 40[err], and 50[err] direétirons with respect 10 to a
normal 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 poitkCSHT LR tRE ELHPRLRE FLeE6BSNE ABI fBWARGLEr 8 POt Sdnts
a point at whiclridte tontulesh &stdbstaahbdekofStne bogahie eepseadntmaterial
point at which the s, 10; esents ak.n wh
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reversed. An arrihetX tlepresentstrapsogitédingoaxis of the polarizer falls
' 5 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
10 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
15 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
20 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
25 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
30 retardation plates can be used in an STN type liquid
crystal cell. when three retardation plates are used,
they may eall be located between the pair of substrates
and one of the polar zer and the analyzer.

etardation plates may

i
Alternatively, one of the thnree

35 be located between the pair of substrates and one of
the polarizer and the analyzer, aad the remaining two

retardation plates may be locaeted tetween the pair of
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of* the aligning treatnent of the aligning filn1oh,the 20 Iight-incident
Side substrate. As is apparent fromFig. 1, the contrast is very high in

the front surface of the liquid crystal display device, i.e., in the
diredtion of the normal to the substrates. The contrast is greatly
decreased when the view angle is increased423 Wi th respect to the
diréection of the normal. Display color reverse regions appear at the upper
|l eft and lower right portions of the liquid crystal display device. In this
case, the uppershpétratusr aadr €Beodtherverythar geliariae®dand0 the I'n

this conventional %%guid crystal display device, when the screen is
observed from a*d Prreft position inclined by 40[err]. from'the direction
of the normal, the sWheenfbuvksetakdabiongplatesi mmgeuseldys theyuhayn@liln a

be located between the pair of substrates and one of the
5 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
10 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
15 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
20 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
25 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- _

30 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

35 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



de0|5|ve dr awback. 35 Figs. 2A, 2B, 2C, and 2D show CE
chromatkcity dia- grams representing changes I n display colors in |ight-
transmtting (ON: [err] ) and light-shielding (OFF: *) -4- states when
the view-angle is sequentially changed fromthe direction of the normal to
the substrates to the 50[err] direction ingunits of 10[err] in an order of
upper, left, lower, and right sides of the"lTquid crystal display 5
device. In this case, an arrow b in each diagramindicates a direction of

a change in chrpr@dtmédt, Odnd reReNséé6d! 488 third hPe B §LR 60 BRLRR arrow

ain 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

5 of the second and third retardation plates intersect

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-

10 ‘lel or perpendicular to the first direction of aligning
treatment. At the same time, the second and third
retardatlon 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

15 . 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

20 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-

25 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

30 120°. 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

35 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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each diagramindicates a change in chromaticity of transmtted light in the
OFF state. As is apparent from 10 ‘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- nmal_tg the substrates. This indicates
that the display 15 colors are different dependi ng on observation

directions with respect to the liquid crystal display device, thus greatly
degradi ng di spl gytersétty. witk pheseptstndenecbiohasrbagngmneg itkeat-

rovi do a 11 quitey,8f fiokEgre BF bBlue (fkab el bhS BRGRE-( 2 O e and
i n which di spl aransmithingsases- ofr tbeepodaviving phgteschatersecitstics
are inmproved. yith each other at an angle of about 85°. The first
5 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
10 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
15 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
20 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
(ﬂ% the direction of the phase delay or advance axis of one
25 plate is inclined at an angle falling within the range
of 25° to 45° with réspect to the first direction of
aligning treatment, and the phase delay axes of the
first and second retardation platés intersect with each
other at an angle of about 25° to 45°. " The second and
30 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.
35 . 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



I.n order to achieve the above object according to the present invention,
‘there is provided a liquid 25 crystal display device conprising: a pair
of substrates having opposite surfaces on which el ectrodes arranged

per pendi cul ar to each other and aligning filns subj ected to an aligning
treatnment in a predeternmined direction andgaorned to cover the el ectrodes
are formed; a liquid 30 crystal material seal ed between the al i gni ng
films, twisted in a range of 200[err] to 240[err] from one of the pair of
substrates to tlhqlnmmrys‘talhe:qddj,r tife sidistoveires,seingp hiwi reqaipedduct And
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a range of 35 ari zer ocate out si of and on a
| i ght i nci dent &lingetdfon f e lﬁghﬁniﬁaﬁﬁmkiﬁﬂﬂﬂkﬁ%4%g°5 e ceipbd &F a

light-transm t 4iRg sHd$ Jt2ldd ehgWd Fdlling within the range of 135° to
5 145° 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
10 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
15 _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-
20 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
Q | 240°. The relationships between the directions of the
25 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
30 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
35 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.



a>ran§e of 135[err] to 180[err] with respect to a first direction of

al’i gnmept treatnment performed on the aligning filmof the incident-side
substrate of the pair of substrates; an analyzer |ocated outside of and on
a ligght exit side of 5 the pair of substrates and having a direction of
a light- transmtting axis falling within range of 50[err] to 105[err]
with respect to the first direction of aFigﬁiﬁg treatnent; a first
retardation plate which is |ocated between the pol arizer and the anal yzer,

hi ckness d equal to hE arei Aot nd aind By S i e G
And of the |iquitdrecfpdilaiwing slgt@iled description when taken in con-
"~ junction with the accompanying drawings, in which:
Fig. 1 is a graph showing equi-contrast curves in a
5 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

10 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
15 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

20 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; :

25 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

30 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

35 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



with 0.8 to 0.95, and has a direction of a phase delay axis falling within
a range *of 15[err] to 110[err] with respect 15 to the first direction of
al‘igning treatnent; and a .sec- ond retardation plate which is | ocated

bet ween the pol - arizer and the analyzer, has a product [err]nd of a
refractive index anisotropy [err]n and a I% yer thickness d substantially
equal to that of the first retardation 20 pl ate, and has a direction of
a phase delay axis falling mnthln a range of 30[err] to 80[err] mnth

respect to the Eh&skg‘i'a{)r‘i%'n J 91?1'6” e Sk aftl‘i}bséir% 6% and oo

retardation plates etmeen e of
the 25 pol ar sgépnén@mh@wtyf@pm sthighy the Ichanacten shiemi showme

pair of substratgswigsn g fqrdgr aln@yqlgg drite dMAlmed Z6fn Ivhiief erably
| ocated so that _the @lrec i on of
Fig. 11A shows equl color difference curves, Fig. 11B
5 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 1nventlon,

10 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

15 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;

20 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;

(T - - Figs. 17A and 17B are views showing equi-contrast

N 25 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-

30 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,

35 respectively;

Figs. 20A and 20B are views showing equi-contrast

curves when the directions of the optical axes of



| irght - transn1tt|ng axi-s intersects with the first direc- tion of aligning
treatnert at an angle of about 140[err]. The 30 anal yzer is preferably

| ocated so that the direction of the light-transmtting axis intersects
withithe direction of light-transmtting axis of the polarizer at an angle
of about 55[err]. At the sale tine, the-light-transmtting axis Of one of
the first and second retardation plates prefera- 35 bly intersects with
the first direction of aligning treat- nent at an angle of about 40[err],
and the |ight-trebardation pkatesfinhhethayopt cpErBbyy 1L6tarsects with t he

first -6- digeefd el AddgebpgvéIgat ment at an angle of about S5[err].
Fig. 21 is a sectional view Showing an arréngement
of the fourth embodiment;

5 - Fig. 22 is a graph shbwing 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
10 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
15 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
20 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
' 25 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-
30 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
35 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;



E

That |s when a twist angle of the liquid crystal material is defined as

Terr]o,,the pair of polarizing plates are set so that the
light-transmitting axis of the polarizer falls 5 W t hi
140[-err] to 180[err], the light-transmtting axis of the
w thin the range of (270[err] - [err]0//2) i 10[err], the
of the first retardation plate falls mﬁthlk the range of
d[lerr]O[err]]/cZ) to (180[err] -[err]O[err]/2) + 30[err],
elay axis of the 1Ga d ar p I

(180[err] - [err] [errﬁ%ﬁerr é@é 553)%?$%éﬁé3%$$L%§Fr
respectively, \@lﬁgﬁ%%%e%¢°W%P§r@h@¢9%¥ Hr %?$dﬂf( ightt

treatment of they q{emr&h@l@ EHOSK] a6 2)and Bt ESLOAL £LLL
pol ari zer is Iocated so, t hat the, lrectl of the
axi s intersectsaQ9¥%§t%E ???s%°ﬁ?¥e%?§% gﬁ?nb k)

5 of the comparative example,

Figs. 30R, 30G, and 30B are CIE chrom
diagrams showing changes in hues of light
passing through the R, G, and B color filt
angles at the right position in the liquid

10 of the comparative example; -

Fig. 31 is a graph showing Y-V charac
the first arrangement in the retardation p
the third embodiment shown in Fig. 12 when
of each retardation plate is set to be 370

n the range of

anal yzer falls
phase del ay axis

(180[ err]

and the phase

f
ppaputle range o

F@WPBFeQFﬁgn- i ng
bagodt, vib@

L rys%rins &tlng

aticity
components
ers at view
crystal cell

teristics of
late layout of
the 2nd value
nm;

15 Fig. 32 is a view showing equi-brightness curves in

a light-shielding state in the first arran
- the characteristics shown in Fig. 31;

gement having

Fig. 33 is a view showing equi-brightness curves

in a light-transmitting state in the first
20 having the characteristics shown in Fig. 3
Fig. 34 is a view showing equi-contra
the first arrangement having the character
in Fig. 31; -
( Fig. 35 is a graph showing Y-V charac
25 the first arrangement in the retardation p
the third embodiment shown in Fig. 12 when
value of each retardation plate is set to
Fig. 36 is a view showing equi-bright
a light-shielding state in the first arran
30 the characteristics shown in Fig. 35;

arrangement
1;

st curves in
istics shown

teristics of
late layout of
the An-d

be 360 nm;

ness curves in

gement having

Fig. 37 is a view showing equi-brightness curves in

a light-transmitting state in the first ar
ing the characteristics shown in Fig. 35;
Fig. 38 is a view showing equi-contra

35 the first arrangement having the character

in Fig. 35; _ _
- Fig. 39 is a graph showing Y-V charac

rangement hav-

st curves in
istics shown

teristics of



ment at an angle falling within the range of 140[err] to 150[err]. The

aral yzex is located so that the direction of the light-transmtting axis
intersects with that of the 20 pol ari zer at an angle falling within the
range of 75[err] to 90[err] At the same tine, the first retardation plate
is preferably located so that its phase dehgy-axis inter- sects with the
first direction of aligning treatnent at an angle of about 85[err], and the
second retardation plate 25 is preferably |located so that its phase

del ay axis intethecsecmhﬂharhangbmentdhnethbome&hrdbtgnmn@lbk&a&ayuuﬁ at

an ang e fallt ngevil Bl N9 nkANBRe0h1 2AEEILh b8 4AChibec G Mk die

present inventi i on pFates can Be used Ih an
STN type I|qU|dtheythatdcebtardﬂﬁéﬁntElééeréﬁa#§§ﬂﬂﬁﬁdpﬂéké%léﬂé“ﬁﬁéd

145° with respect to the direction of aligning
5 = 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- |

10 tions of the light-trahsmitting 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- brlghtness curves in

a light- shleldlng state in the third arrangement having

15 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

20 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

25 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-

30 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 dlagram showing the correspondlng display

35 colors; -

Figs. 46A and 46B are a graph showing voltage-
transmittance characteristics representing visual sense
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they may all be | ocated between the pair of substrates and one of the

pol ari zer and the anal yzer. Alternatively, one of the three retardation

pl ates ~may 35 be | ocated between the pair of substrates and one of the
pol ari zer and the analyzer, and the remaining two retardation plates may
be | ocated between .the pair of -7- supsfgajes and the other of the

pol ari zer and the analyzer. \Wen four retardation plates are used, they may
all be | ocated between the pair of substrates and one of the 5 pol ari zer

and the anal yzeharattearinaicelat $h® Wpdheosition 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
5 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

10 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
15 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; |

20 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
' 25 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-

30 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;

35 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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four retardation plates may be |ocated between the pair of substrates and
‘'ofie of &he polarizer and the analyzer, and the remaining two retardation
plates nmay be | ocated between the pair of substrates and the other of the
10 < polarizer and the analyzer. When the three retardation plates are al
| ocated between the STN |iquid crystal cell,and the polarizer or analyzer,
the pair of polarizing plates are |ocated so that the direction of the
light-transmitting axis of one 15 plate is inclined an angle falling

m@th:n the_ranggoQ%tESEgtgkgbgﬁaﬁ{9uﬁkewih&ereggggbdgo the first direction
of align- ing treatnent, and.,the |1 -t,ransm tting.,axes ,of the polarizin
pl ates i ntersect mﬁtﬁigacﬁgoﬁﬁana?%Rhogﬁ IEeﬁﬁpﬁﬁ%&WeSUﬁ§W1ghoﬁquiqst °

retardation pl asehematdcabedangedent ofh&het Seveintacembodimentase ddiay or
advance axis ISpresent invention; |
5 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
10 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
15 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
20 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
C - be described below with reference to Figs. 3 to 61B.
- 25 [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,
30 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
35 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



i.-nclined at an angle falling within the range of 45[err] to 75[err] wth
.*respecti;to the first direction of aligning treatnent, and the second and
third retardation plates are |ocated so that the phase delay axis of one
pl ate is 25 inclined at an angle falling within the range of 45[err] to
75[err] wth respect to the first direction of aligning treatnment, and the
phase del ay axes of the respective plates aBe-perpendicular to each other.
The pair of polarizing plates are located so that the light- 30
transmtting axis of one plate intersects with the first direction of

al i gning treatndf? ap aﬁoénUFEhoP REgdeterpiaed] digkancge therebetween,

light-transm ttang éxﬁiqﬁﬁ.dt Beysham nateriaietbovsedleac oty sffackh angl.e
of about 85[err

o 820Ut PELer hoefbehly oA LolE: A6 Skhal CSHAESET B S0 o

and the seal member 108. A dielectric constant ratio

5 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. '

10 . 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.

15 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

20 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

25 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

30 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

35 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



inclined at an angle falling within the range of 50[err] to 55[err] with
respect *o the first direction of aligning - -8- treatnent, and the second
and third retardation plates are | ocated so that the phase delay axis of
one plate intersects with the first directidr® of aligning treat- nent at an
angl e of about 40[err], and the phase delay axes 5 of the second and

SSLerr] . Al tornaPFUEEy CERE CAYGR Bt VIO G0 S Ao ik P @k ioning
unchanged, the fkrsbtmendr detriedmafitae i s Hyoddtied o drhiatg theeatimerct j orhef
Its phase del ay fé&ﬁihsc99%%%1 molecules are aligned at a pretilt angle
of about 8°. At the same time, the liquid crystal
5 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:
10 589 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
15 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
- 20 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
25  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
30 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
axis 113a is rotated through about S° (y) with respect

ut
to the incident-side direction 1032 of aligaing

35 treatment.
In the STN type liguid crystal display device
havinc the above arrangement, the cififerences in phase
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10 | el or perpendicular to the first direction of aligning treatnent. At
the sane tinme, the second and third retardation plates are |ocated so that
t he phase delay axis of one plate intersects with the first direction of
aligning treatnent at an angle of about 40[err], and the 15 phase del ay
axes of the second and third retardation-pi@tes intersect- with each ot her
at an angle of about 35 err]. Wen one retardation plate is |ocated .on one
side of the STNIliquid crystal cell, and two retardation 20 pl ates are

| ocat ed on t he sitifdrs gftlel igher exdparent=| havivg ndi £8¢bent swaegui red. The

O one plate | A SRS it Afes, e pdhen; RESE bhridaR L

an angl e of abdihe sE[@Hq criftaheellghk0l can be minimized by the two '
retardation plates 112 and 113, and coloring of the dis-

5 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

10 - 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°,

15 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

20 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
25 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
30 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
35 angle characteristics can be apparently improved.
Figs. 6A, 6B, 6C, and 6D show CIE chromaticity
diagrams representing changes in display colors in



25 transmtting axes of the polarizing plates intersect with each other
at an angle of about 85[err]. The first retardation plate is |ocated so
that the direction of its phase delay or ad®adnee axis intersects with the
first direction of aligning treatnment at an angle of 30 120[err]. At
the sane tine, the second and third retgrda- tion plates are | ocat ed so
that the phase delegiytakisnsribhéngl 408 : ik or 386t 4 ignthsPRELALPSt direction

of align- ing tregh podEeNt ) aét@ﬂe@“ﬂhénOEhébOEEw75h%&%]1%n§ebh@nkugmuy
O

transmtting axes t he_second a rrd retardation 3 tes are
per pendi cul ar t cckargedt her™ %@?e&hﬁ?F%éP? ofh& ﬁaPPr8P§p5PaE% ing pl ates

are located so thabsthgtés obd-thansort 8irgcaibs ah andtsl afel0®° in an

'5 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

10 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.

15 ' 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

20 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

25 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-

30 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.

12 and 113 is preferably set to be 1/2 (i.e e., 2 in 1/2
represents the number of retardatlon plates) of a value

ained by multiplying the An- ¢ value oL.tne liquid
crvstal cell 101 with 0.80 to 0.95 and, preferably 0.90
to 6.95
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-+9- intersects with the first direction of aligning treat- nent at an angle’
‘of about 140[err], and the light- transmttiing axes of the polarizing

pl ates intersect with each other at an angl e of about 85[err]. The first 5
phase plate is |ocated so that the direction of its phase delay or advance
axis is alnost perpendicular to the first g rection of aligning treatmnent.
The second and third retardation plates are |ocated so that the phase del ay
axis of one plate intersects with the first 10 direction of aligning
treatment at apseaeshd ghb@ﬂgnbn&go and the phase del ay axes of the second

and (hird retardati gy Pl Rhd UidloHiflent Wk} AP o a Fadihénf 1
which one retardation plate is arranged on each side of
a liquid crystal cell. The second embodiment will be
5 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

10 101, 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

15 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

20 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-
25 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

30 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.

35 As in the first embodlment the differences in

' phase shifts of light components having different wave-

lengths caused when these light components pass through
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When four retardation plates are all |ocated 15 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-transmtting axis of one plate is inclined at an angle falling
within the range of 135[err] to 145[err] _w,pgh_20 respect to the first
direction of aligning treatnent, and the light-transmtting axes of the
pol ari zing plates intersect with each other at an angle of about 85[err].

The first and sen@nﬂiqeiardayisea_lpbawsmmechﬁcableﬁltiﬁ@m&aéa ,?obet@!lief ﬁ:%'non
o i Dhase Oel B, 2ha R RART R A BAE") 20 808 £03 o FoRnE b B 51,
first directionpbéyatohoragcanebenebiminatie@herpbedacddl ay Taxeshehgehan
first and secongn[gtgfd@héOTiahgaeér§g£gisggilmﬁbg Egcgompensated by
5 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.

10 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

15 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

20 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

25 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

30 Figs. 2A to 2D. -

When the two retardation plates 112 and 113 are
located one on each side of the liquid crystal celi 101,
the twist angle ¢g of the liquid crystal of the liquid
crystal cell 101 falls within the range of 200° to 240°,

35 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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ot her at an angle of about 25[err] to 45[err]. The second and 30 fourth
retardation plates are |ocated so that the phase delay axis of one plate is
inclined at an angle of 55[err] to 65[err] with respect to the first
direction of aligning treatnment, and the phase del ay axes of the respective
pl ates are al nost perpendicular to each_otdyer. 35 . 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 . - 10- | h@uiad oF W3tiajnicR) ltredtmend | dMenamdieim icf rguei XaghtThe pair
of polarizing Q&%%%%i'E%ﬂé“ﬁ%f?jffbg|g¥ éﬂgapolarizer 110 preferably
falls within the range of 135° to 180°, the angle ¢
of the light-transmitting axis 11lla of the analyzer
5 = 111 preferably falls within the range of
(270° -|¢ol/2) + 10°, the angle g 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
10 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

15 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.

20 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

25 and the angles B and y of the phase delay axes 1l12a 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-

30 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

35 sandwiching a polyvinyl alcohol film coveréd by a
‘protective film may be used.

In the second embodiment, characteristics obtained
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direction of the light-transmtting axis of one plate is inclined at an
angle falling wwthin the range of 135[err] to 5 145[err] wth respect to
the first direction of aligning treatnent, and the light-transmtting axes
of t:he respective plates intersect with each other at an angle of about
85[err]. The first and second retardation pkates are | ocated so that the
direction of the phase delay or 10 advance axis of one plate intersects
with the first direction of aligning treatnment at an angl e of about

40[err], and thghphashedahayg aaéueobftbaahimeeaséatlwht@leamhamduﬁhéu an

A0 b moou BaEgLhbe1 g0 ahBEE BRal BN kORI A3 AN AR A2

so that the pha I's of 0 e"Irnters 1T st
direc- tion of aaignpﬁgretéadﬁtnpnaplaﬁe§ngré ghaagedt widd, hﬂu§QSﬂrmmﬂke
del ay axes of tggiplhem are al nost perpendi cu-

5 The same liquid crystal cell as in thefsecond
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

10 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

15  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-

20 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 secopd embodiments in
25 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

30 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.

35 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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Iar to each other. Wth the above arrangenent, according to the pré- 20
sént invention, at least two retardation pl ates are | ocated between the
pol.arizer and the analyzer in an STN type liquid crystal display device in
whigh liquid crystal nolecules are twisted at an angle of 200[err] to
240[err]. The relationships between the diggections of the 25 phase
del ay axes of these retardation plates and the optical axes of the

pol ari zer and the anal yzer are set to satisfy optiml conditions.
Therefore, diff€eecenee M*phand shicdhiromeausicif dnerdegMCk ongosm aneéashaedng

dif- ferent wavglen u Iy r mySsd gh 0 |
crystal cell ca% e%% %gé?ngrregkgéé%ﬂﬁtﬁgﬁ%g$%¥2%t|on:%Pg?és?ifﬁéggﬂbg
el imnating col 8L*ngasd dhepichrans Gifference AC* are defined in the

CIE 1976 (L*,u*,v*) color space as follows:

5 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
10 - Difference
_ Av* = abs(va* - vi1¥*) - : Chromaticness Index
( ' Difference

Li* = 116-(¥;/¥0)1/3 - 16
(1 =0,1, 2, if (Y¥i1/Y¥0) is equal to or less than

15 0.008856, then |
903.29+(Y1/Y0).)

Li* =
uj* = 13:Li*-(uj - up')
vi* = 13-Li*-(vi' - vQ')
uj' = 4-Xi/(Xi + 15-¥3 + 3-Zj)
20 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
25 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
30 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]
35 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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In addition, since these retardation pl ates are arranged, phase shifts from

di‘frections inclined fromthe 35 direction of the normal to the
substrates can al so be corrected. The reverse area is reduced, and the area
havi:ng a higher contrast can be increased. - 11 - This invention can be

nore fully understood fromthe follow ng defailed description when taken in
con- junction with the acconpanying drawings, in which: Fig. 1 is a graph
showi ng equi -contrast curves in a5 conventional liquid-.crystal display

device; Figs. ZAtrRBreflrestd €0 Pigs O 2 CAR@NBE| Cikygdli @12 and 13 are

' 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

5 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-

10 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
15 (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.

20  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
i 111. | | o
. 25 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
30 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
35 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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grans show ng changes in display colors in the conven- tional liquid
crystal+ di spl ay device; Fig. 3 is an exploded perspective view showing a 10
schemati c arrangenent of the first enbodi nent according to the present
invention; Fig. 4 is a sectional view of t first enbodi ment according to
the present invention; Fig. 5 is a graph show ng equi-contrast curves in a
15 liquid crystal display device of the first enbodi nent; Figs. 6A 6B,

6C, and 6D are CAAEL or '%ﬁ’r&’f@lorgrf@?a %f%jﬂgg‘ﬁﬂ@geﬁeéeﬂghﬁpl a¥ne

colors in the I|qU| crys devi ce I ment; Fig.
i s an expl oded SRINpE cltﬁPW R BL3ols locakedtse whabngkfent of
the second enb%é@éltd@p&@r&m 1psahﬁspmslemecn ny¥€ngh odngle of about

60° or 150° (y) with respect to the incident-side direc-
-5 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

10 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

15 112 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

20 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

25 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,

30 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

35 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



Fig. 8 is a graph show ng equi-contrast curves of a liquid crystal display
‘devi ce of the second enbodi nent; 25 Figs. 9A, 9B, 9C, and 9D are
ClE chromaticity dia- grans showi ng changes in display colors in the liquid
crystal display device of the second enbodiment; Figs. 10A, |0B, and 10C
are views of the second enbodi nent in mthg the [err]n[err]d value of each
retardation 30 plate, and optical axes OP a pair of polarizing plates
and a pair of retardation plates are changed respectively, in which Fig.
10A shows equi - bgi GHENEASACHEVER bAgRe! b@hhbﬁntteh@ongnstl%g,& R)9wik3B shows
equi - brightness curves in,a |ight ?r nsm tting state, _an 3§ Fig. 10C
shows equi-contFﬁ§PeEEr§€thPiég?l§fﬂ,“§i§? Qﬁgef ony 4 03%e\RE SHdEriqg
changes in treatment. The third retardation plate 114 is located

- so that its phase delay axis 114a is almost perpendicu-
5 . lar (6) 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

10 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-

15  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. '

20 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.

25 Equi-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,

30 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 §

35 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



_colors of transmtted |ight conponents in the |ayout of - 12 - the
polarlzﬂng plates and the retardation plates of the second enbodi ment from
whi ch the characteristics shown in Figs. 10A, 10B, and 10C are obtained, in

whieh Fig. |l A shows equi-col or dlfference curves, Fig. IIB5 shows
equi -l ightness index difference curves, % Fig IIC show equi - chroma
difference curves; Fig. 12 is an exploded %rspectlve Vi ew showi ng a

schemati c arrangenent of the third enbodi nent of the present invention; 10
Fig. 13 1s a seRldiiflreti M 1dd'pidtd O £PIPPYI BER 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
5 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
10 case in which the aﬁgle 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
15 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
20 ' 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
25 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
30 . 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,
35 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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shown Tn Fig. 12; Fig. 14 is an expl oded perspective view of the third
erfbodi ment in which the [err]n[err]d value and the optical axes and |ayout
of a pair of polarizing plates and a 15 = pair of retardation plates are
changed; Fig. 15 is an expl oded perspective view of the third enbodi ment in
which the [err]n[err]d value and the opthg& axes and | ayout- of the pair of
polarizing plates and the pair of retardation plates are further changed,;

20 _ Fig. 16 is an expl oded perspective view of the third enbodi ment
(nowhtch the LefLlose! Lh vehye BEthEecBHBbﬁ%hoﬁéqssﬁﬁkd f1d he pair
of polarizing pra The ' pair retardation plates a urt

changed; Figs. qryshad @¥§P%?ﬁ @PE%EeSHBWWHglgqﬁPQbOﬁtra§¥1 %Rﬁves

when the directhg@nsepéribeapphi §8! fa¥pedef makaefore, the view angle
characteristics can be greatly improved.

5 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-

10 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

15 - 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

20 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. _ |

25 -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-

30 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-

35 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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dation plates in the layout of Fig. 12 are different, respectively; Figs.
18A and "18B are vi ews showi ng equi -contrast curves when the directions of
the optical axes of retar- 30 dation plates in the layout of Fig. 14 are
différent, respectively; Figs. 19A and 19B are vi ews show ng equi -contrast
curves when the directions of the optical 3xes of retar- dation plates in
the layout of Fig. 15 are different, 35 respectively; Figs.- 20A and 20B
are views show ng equi-contrast curves when the directions of the optical
axes of 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

5 - 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

10 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. 1In addition,
15 - 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
20 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 nqrmal to the substrates in
.25 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,

30 . 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

35 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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y :
~ 13 - retardation plates in the layout of Fig. 16 are different,
respectively; Fig. 21 is a sectional view showi ng an arrangenent of the
fourth enbodi nent; 5 Fig. 22 is a graph show ng spectral

- characteristics of color filters used in-the fourth enbodi nent shown in
Fig. 21, Figs. 23R 23G and 23B are respegjiyely CIE chromaticity diagrans
showi ng changes in hues of light 10 conponents passing through the R, G
and B color filters at view angles at the upper position in the liquid '

crys- tal in the él%ﬁ%@ bR} sRat i60ynof na Ft gandhitEegs1igAB, cahBo-and
24B are respectlveéyinlghcgégng£ggéfy dlagrans show ng changes in hues of
| i ght nen
Figs. 23R, 23G, and 23B and Figs. 27R, 27G, and 27B
show changes in hues of transmitted light components at
5 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.
10 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-
15 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
- 20 ‘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. )
( S As is apparent from comparison between Figs. 23R,
25 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-
30 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-

35 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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15 ’conponents passing through the R, G and B color filters at view
angles -at the left position in the liquid crystal in the fourth enbodi nent
shown in Fig. 21; Figs. 25R, 25G and 25B are respectively CIE chromaticity

di agrans showi ng changes in hues of |ight 20 conponent s passi ng through
the R, G and B color filters at view angl at the |l ower position in the
liquid crystal in the fourth enbodi nent shown in Fig. 21; Figs. 26R 26G

and 26B are respectively CIE chromaticity diagranms showi ng changes in hues

of light 25 el assing through the RR, G and B color filters at
vi ew angl es at %ﬁe r?%ﬂ%f%géition_in the liquid crys- tal in the fourth

embodi nent shown i n M gthei1firsysarpamgenent, ake2plardzerEldRr dsaticity
dia- grams showscaed@nessthat hves PightdbtaRonPeBEnESaR28S110a is
rotated through +140° (a) counterclockwise with respect
5 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 _

10 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

15 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

20 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

25 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

30 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
35 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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30 ing through the R G and B color filters at view angles at the upper

Pposition in the liquid crystal cell of the conparative exanple; Figs. 28R
28G and 28B are CIE chromaticity diagrans showi ng changes in hues of |ight

conponents 35 passing through the R, G and B color filters at view
angles at the left position in the liquid gsgystal cell of the conparative
exanpl e; - 14 - Figs. 29R 29G and 29B are ClE'chromaticity di agrans

showi ng changes in hues of |ight conponents passing through the R G and B
color filters atheifnwcident-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-

5 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 _

10 . 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

15 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.

20 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

A plates 112 and 113, thereby compensating for coloring of

25 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-

30 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

35 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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angles at the lower position in the liquid crystal cell 5 of the
c¢onpar afii ve exanple; Figs. 30R, 30G and 30B are CIE chromaticity diagrans
showi ng changes in hues of |ight components passing through the RR, G and B
colot filters at view angles at the right position in the liquid crystal
cell 10 of the conparative exanple; FLgzg3l is a graph showi ng Y-V
characteristics of the first arrangenent in the retardation plate |ayout of
the third enbodi mrent shown in Fig. 12 when the 2nd val ue of each

retardation pl a¢&nt€lé@tbyothes870fnbhe lbhree retakB@tid’d plated QW2show ng
having the charkbd errad; L8 REHAOPE PRaSeonTERy calskd oy, By Ebmt
equi - bri ght nessttomvpkates 112, 113, and 114 are different from each
other. As a result, the area having a high contrast can
5 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
10 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
15 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
20 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-
25  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

30 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

35 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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i'n a light-transmtting state in the first arrangenment 20 havi ng the
tharacteristics showmn in Fig. 31; Fig. 34 is a view showi ng equi -contrast
curves in the first arrangenent having the characteristics shown in Fig.

31; *Fig. 35 is a graph showi ng Y-V characteristics of 25 the first
arrangenent in the retardation plate |ayow7o0f the third enmbodi ment shown
in Fig. 12 when the [err]An[err]d value of each retardation plate is set to
be 360 nm Fig. 36 is a view show ng equi-brightness curves in a

| ihght - shi el di ngriggsat 33 ranidhe3 7 i representndenight hetabes 30 Concentric
characteristics,sh i ' 21 <l | ie howt egyk - bHLght ness
curves in a li aﬁm%ns%{éﬁg%ge%%g’%%%% ﬁos(t' ;??ah\é\%ﬂght gﬁa\'/-é%lﬁg t he
char act eri sti cS&hdlrestons inclined from the direction of the normal

to the substrates of the liquid crystal display device.
5 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
10 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
15 .. 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
20 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-
25 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,
30 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
35 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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Fig. 38 is a view show ng equi-contrast curves in 35 the first
arrangenent having the characteristics shown in Fig. 35 Fig. 39 is a graph
showi ng Y-V characteristics of -15 - the second arrangenent in the
retardation plate layout of Fig. 31 when the direction of the phase delay
axis of the third retardation plate is inggned in an alnost 145[err] with
respect to the direction of aligning 5 treatnent of -the aligning filmon
the light incident- side substrate; Fig. 40 is a graph showi ng Y-V
characteristi C%_n@froved.

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-

5 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

10 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.
15 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
20 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.

25 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
30 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

35 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



-

the third arrangenent in the retardation plate |ayout of the third

ehbodi nent shown in Fig. 15 when the direc- 10 tions of the
light-transmtting axes of the polarizing plates and the directions of the
phase del ay axes of the retardation plates are changed; Fig. 41 is a view
showi ng equi -brightness curves in a Iighg-§giglding state in the third
arrangenent having 15  the characteristicS shown in Fig. 40; Fig. 42 is a
vi ew showi ng equi -brightness curves in a light-transmtting state in the

third arrangeﬁegﬁigaaknsnéhglsbar @ﬁ%@féé&t%swiﬂﬁ"“_ﬂhbniﬁk:&dei‘ﬁ_—sﬁi%a 43 is a
\%

Charact eri oti cSAbFBRRLPR RFgSLigiRIgEreaiACRRI2R4B0AAE0 S PIORSH g
vol t age- . 40°, and the phase delay axes of them intersect with
each other at an angle of about 35°. 1In addition, the
5 - 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
10 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-
15 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
20 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
25 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
30 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
35 high contrast is large, and changes in display colors
are minimized. ) \
As described above, in the second arrangement, the
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transm ttance characteristics representing visual sense characteristics at
i1he | eft- position in the liquid 25 crystal cell in the retardation plate
| ayout . of the third arrangenment shown in Fig. 40, and a CIE chromaticity

di agram show ng -t he correspondi ng di splay colors; Figs. 45A and 45B are a
graph showi ng vol tage- 30 transmttance characterlstlcs representing

vi sual sense characteristics at the right ﬁ85|t|on in the liquid crystal
cell in the retardation plate |ayout of the third arrangenent shown in Fig.

ol ors: Figs. auieannbbeief <8 ERkoRPhBarhbTalh: RAcCRE dadie: Brdk el
characteristicsdispiagedevhge iEsuerysbhgh, and the contrast levels are
high in all observation directions. In addition,

changes in hues of transmitted light components at dif-
5 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
10 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

15 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
20 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
25 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

30 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-

35 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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- 16 - characteristics at the upper position in the liquid crystal cell in
fhe retardation plate |ayout of the third arrangenent shown in. Fig. 40, and
a CIE chromaticity diagram showi ng the correspondi ng display 5 col ors;
Figs. 47A and 47B are a graph show ng voltage- transmttance
characteristics representing visual sense gharacteristics at the | ower
position in the liquid crystal cell in the retardation plate |ayout of the
10 third arrangenent shown in Fig. 40, and a CIE chromaticity di agram
showi ng t he corrasponitmorespsedtiyto 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-
5 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
10 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:
15 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
20 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
- 25 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
30 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
- 35 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



~

colors; Fig. 48 is a graph showing Y-V characteristics in the third
enbodlﬁbnt shown in Fig. 15 when the direction 15 of the phase del ay
axis of the third retardation plate is changed; Fig. 49 is an expl oded
perspective view showing a schenatic arrangenent of the fifth enbodi nent of
the present invention; 20 Fig. 80 45 .a view show ng equi-brightness
curves in a light-shielding state in the fifth enmbodi nent shown in Fig. 49;
Fig. 51 is a view show ng equi-brightness curves in a light-transmtting
state in the fifidnh efEpogh redid Stt‘:w\/rtr?aﬁw.smltifafctg id%]1$bgas5Righ asview

Sh,OWI ng equi- con3t96r a_st curvefz and 43 show equi-brightness curves
obtained when the liquid crystal cell is observed from
different directions inclined with respect to the direc-

5 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 _

10 - less than 10% is large in a dark state. In 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-

15 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

20 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

25 ' ing changes in transmittance as a function of the volt-
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

30 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

35 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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the fifth enbodi nrent shown in Fig. 49; Fig. 53 is a view show ng

équi -contrast curves in the fifth embodi nent shown in Fig. 49 when the
direc- 30 tions of the phase delay axes of the third and fourth
retardation plates are changed; Fig. 54 is an expl oded perspective view
showi ng a schematic arrangenent of the six¢$f enbodi ment of the present

I nvention; 35 Fi gs. 55A and 55B are views show ng equi-contrast
curves in the sixth enbodi mrent shown in Fig. 54 when the directions of the
‘phase del ay axethesf tthee wiew dlixrection iI¥ 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
5 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
10 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
15 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-
20 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°
25 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
30 '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
35 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



fourth retardation plates are changed; Fig. 56 is an expl oded perspective
erm/sﬁomﬁng a schematic arrangement of the seventh enbodi ment of the
present invention; 5 Figs. 57A to 57D are views show ng
~equr-contrast curves when the directions of the phase delay axes of the

third and fourth retardation plates in theigeventh enbodi nent shown in F|g
56 are changed; Fig. 58 is an expl oded perspective view showing a 10
schematic arrangenment of the eighth embodi ment of the present invention;
Figs. 59A and @R evtdon Wievshowmaledio -the i giqwisd scxysvat cealk.
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voltage-transmittance characterlstlc curves are
obtained.

5 ' Fig. 49 shows Y-V characterlstlcs 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

10 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

15 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

20 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

25 sides of a liquid crystal cell 101. First, second,
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.

30 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 enalyzer 111 is
located so that its light-transmitting axis llla is at

35 55° (£) to the incident-side direction 103a of aligning
treatment.

The first, second, third, and fourth retardation



~
*.

Figs. 60A and 60B are a view show ng equi- brightness curves in a
light-transnmtting state and its CIE chromaticity di agram respectively, in
t he ei ght h enbodi nent shown in Fig. 58; and 20 Figs. 61A and 61B
-are-a view showi ng equi-contrast curves of the eighth enbodi ment shown in
Fig. 58 and its CIE chromaticity diagram 45eferred enbodi ments of the
present invention will be described below with reference to Figs. 3 to 61B.
25 (First Enbodi ment] The first enbodi mnent shows an arrangenent in which
two retardati orplpita§$slm;e 1xatledt orarshel ¥7 deorapr is¢ | yetardayionl cel |

00 P95, 7 "M thE A B PS] REISRERLLYP dtrUtaNtng BoEyLeRBbatel
: The An-d value of each of the first and second retarda-
tion plates is set to be 400 nm (measurement wavelength:
5 589 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

10 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.

15 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

20 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,
25 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
30 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

35 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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Referring to Figs. 3 and 4, a liquid crystal cell 101 conprises a | ower
SUbstrate 104 having el ectrodes 102 and an aligning film 103 fornmed to
cover the elec- trodes 102, an upper substrate 107 having el ectrodes 105 35
formed perpendicular to the electrodes 102 and an align- ing film 106

- formed to cover the el ectrodes 105, a seal penber 108 for sealing the upper
and | ower substrates - 18 - 107 and 104%Rith a predet erm ned di stance

t herebetween, and a liquid crystal material 109 sealed in the space defined

by the upper angde! ongrsRUPE' 4A8°FodP{n PdtdPdaBl8n' BTt JRMGHALES A
perpendicular to each other, the differences in phase |
shifts at different view angles can be canceled by the
two pairs of retardation plates, thereby improving the

5 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

10 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
15 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.
20 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
C_ to the incident-side direction 103a of aligning
25  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
30 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
35 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



5 [err][err]/[err] - of the liquid crystal material 109 is set to be
190, and its elastic constant ratios K3/Kl and K3/K2 are set to be 1;83
and 2.40. Aratio d/p of a gap d to a natural pitch p of the liquid crystal
material 109 is set to be 0.5. 10 Light is incident on the liquid
crystal cell 101 fromthe lower directian if Figs. 3 and 4. The |ower
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

hfrfi”?ftfr- Jf%?c1dent - Po| &t feet 1dii 0L evapof sahygaihgntaebympokar i Anng
pLate 15 o5t o GHLSH doe e, Lo dehahycapblot 74 o R0fngl chlieehl aul
pol ari zi ng pIaimetardatmmmdph@baellhel%x$¢tst@eb%u@b@ubtEoiowlbh the cel
101. Tmo respect to the phase delay axis 114a of the third retar-
5 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
10 375 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
15 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
20 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 l1l4a of the third retardation plate 114 is
25 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
30 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. In this case, if
each An-d value is set.to be 400 nm,. identical retarda-
35 tion plates can be used to obtain a manufacturing
advantage.
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20 Letardation plates 112 and 113 are | ocated between the exit-side
Substrate 107 of the liquid crystal cell 101 and the analyzer 111. The
aligning filns 103 and 106 respectively formed on the opposite surfaces of
the~incident- and exit-side 25 substrates 104 and 107 are subjected to
an aligning treatnment such as rubbing. The48lifection 103a of the aligning
treatment for the aligning film 103 on the incident-side substrate 104
inclines at an angle of about 30[err] fromthe |ower left direction to the
upper 30 ri gigixkh egnbodinent] respect to a horizontal |ine when the

| g! quid crystal cell 401 &5xOPSERNEEihERM bPLaineatwhas thewnayBuki e 3. The
irection 106a of the aligning treatnment for the aljgnin | m_ 106 of the
exit-side substthﬁeihiﬂdr%ﬁ%IEHHFF?oﬂﬁhaB%? +Pp Efﬁtgﬁﬁé %b@ Gé%gh
embodiment is changed will be described below. The same
5 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

10 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

15 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.

20 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-
25 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.

30 ‘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). '

35 . 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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- 85 referred to as negative or mnus hereinafter) with respect to the
Tﬂrectron 103a of aligning treatnent for the incident-side substrate 104
(the direction 103a will - 19 - be referred to as an incident-side
diréction of aligning treatnent hereinafter). By this aligning treatnent,
the liquid crystal nolecules are aligned a9 & pretilt angle of about

- 8[err]. At the same time, the liquid crystal 5 nol ecul es are aligned at
a negative tw st angle of 240[err] ([err]0) fromthe incident-side

substrate 104 tdrecdion 1038 ¢f aligning trEatnendrodithe (29904 eFefarof a

gap d and a relLaGhny 1AL 1NNt Y it litlighadedélay axis
113a is inclined at an angle of about 5° (y) with
respect to the incident-side direction 103a of aligning
5 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.
10 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
15 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
20 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
25 aligning treatment. _
In the sixth embodiment, differences in phas
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
30 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
35 view points can be canceled by these retardation plates,
thereby improving the view angle characteristics.
Figs. 56A and 56B show=equi—contrast curves.



cel | 101 IS set to be 864 nm (neasurenent mavelength 10 589 nm. The
polariZer 110 is located so that its light- transmitting axis 110a is

rotated through 140[err] (a) counterclockwi se (to be referred to as
posi‘tive or plus hereinafter) with respect to the incident-side direction

15 '103a of aligning treatment. The anal yzer 111 is located so that its
light-transmtting axis 11lla intersects Wi P fhe light-transmtting axis
|1 0a of the polarizer at an angle of 55[err] ([err]). The first and second

retardation pl tr'j‘]_!é 1&gAaQHo€1§3 2 ase, PhCy g?%ﬁr gﬁ&' QH Rl atﬁe?foghei %d bﬁ/d of

nmonoaxi al |y st carbonate an aving a roduc
400 nn1(neasurehﬂh@ymax9$ehgéh OSSbhﬁnthlEﬂchetérdatapnoplpt&télhassa

product [err]n[gs]ldospal k6% B¥aatHECEREEE hNokethknbBhEkddelay axis
' 117a of the fourth retardation plate 117 is set to be
5 150°. 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
10 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 |
15 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
20 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
25 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
30 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
35 located so that its light-transmitting axis 1lla inter-
sects with the incident-side dlrectlon 103a of aligning
treatment at an angle of 55° (g).
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upon application of a bias voltage to the liquid crystal 25 cell 101
than that of the cell 101 (i.e., the product [err]n[err]d of the
retardation plate is a value obtained by multiplying the product .
[err]n[err]d-of the liquid crystal cell 101 with 0.80 to 0.95). The first
retardation plate 112 is |located so that-i 68 phase delay axis 112a is
rotated 30 t hrough about +40[err] ([err) with respect to the

i nci dent-side direction 103a of aligning treatnent. The second retardation
plate 113 is | ocatedTBg £hxetit SeFRACe &BAXG. a2nd fouxths redandat aw ough

i aning 55 e e Lk aroatal R P devi ce
hav?ng ?he abovgiﬁgFﬁnﬁgﬁéﬁpfgr Pﬁ&°8¥$8}éxgé§rF% Sggépol§%agﬁonate.
The An-d value of each of the first and second retarda-
5 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
10 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
15 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
20 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.
25 In the seventh embodiment, the phase delay axes
' l1l4a 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
30 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
35 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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-~ 20 - shifts of light conponents having different wave- |engths caused
hen these |ight conponents pass through the liquid crystal cell 101 can be
mnimzed by the two retardation plates 112 and 113, and coloring of the
dis- 5 play colors can be elimnated or reduced. The changer in
[err]n[err]d of the liquid crystal cell 4®E2i-s conpensated by the change in
[err]n[err]d of the retardation plates 112, 113 when the incident light is
inclined fromthe direction of the normal to the cell 101 and two
retardation pl dihes pltase debaymris dl7amef rgherseustharetardatieduced, and

the area havingyatd Ghef w@PIB@SindBidd RSt afdLe SF SHBYGL CPYE-CPRY T ast
curves of thI'Swith respect to the incident-side direction 103a of
aligning treatment; or the phase delay axis 1l14a of the
5 third retardation plate 114 may be inclined at an angle
of about 135° (8) 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
10 to the incident—éide 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
15 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
20 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
25  phase delay axes 1l4a 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
30 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
35 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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v
enbodi nent. These curves represent contrast val ues when the display device
i'S" observed from10[err], 20[err], 30[err], 40[err], 15 and 50[err]
directions fromthe direction of the normal to the substrates of the |iquid
crystal display device. A hollowtriangle represents a point at which the ~
contrast is 150; a black triangle represen%; a point which the contrast is
100; a holl ow square represents a point at°20~ which the contrast is 50;
a bl ack square represents a point at which the contrast is 10; and a dot

e oo ot 1535 ) Sholleceopt sl MERIES ISR nfhs, A
portion in Fig.o8 the apalyzprglls fadls wdkhini fdiec meage iof &idedid on 103
of align- ing tggatngRt ahglet peoifndfeephatieC@eldPstakadise 1904 dJefigiding to
Flg. 5 as conp%gﬁgtwkg@ar Stigﬁvﬁﬂéte 112 falls within the range of
5 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
10 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
15 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_

20 1300 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.

25 Fig. 58A shows a case in which the angle § 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

30 phase delay axis 114a 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

35 114 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
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yionalﬂliquid crystal display device shown in Fig. 1, the area having a
contrast of 10 is increased, and the 30 . reverse area appearing at the

upper portion of the lig- uid crystal display device can be reduced. At the
sang€ time, no reverse area appears at the lower portion of the liquid
crystal display device. According to this ggbodi ment, the view angle is
increased, and the view 35 angl e characteristics can be apparently
inproved. Figs. 6A,- 6B, 6C, and 6D show ClE chronaticity diagrans
representing chaﬁ@e;is]hé@ediﬂepbyyaz@boxmanof the2thir8i gbtatdandont pladge

ght

(ONerr]:) and&il 1s'§g£eLgiﬂg 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

5 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

10 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 reverse area which appears in
the upper portion of the liquid crystal display device

15 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-

20 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
(T - embodiment. A polarizer 110 comprising a'linearly
25 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
30 112, 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.
35 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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({FF *) states when the V|em1angle I's sequentially changed fromthe
di'recti on of the nornmal to the substrates to the 50[err] direction in units
of 10[err] in an 5 order of wupper, left, lower, and right sides of the
liquid crystal display device. In this case, an arrow a in each di agram
indicates a direction of a change in chronpgicity of transm.tted light in
the ON state, and an arrow b in each diagramindicates a change in 10
chromaticity of transmtted light in the OFF state. As is apparent from

Figs. 6A 6B, E‘rﬁr@adl&ij@n@maifgxdixs@laye@ﬂhms i nTheeah&lpeeki ¥e1
i Spl ay dovi co ShoWEated: B, OHE (10l TaBErtEBhSRIGE Lo TRE P L0t ot ar dat i on
pl ates 112 and ﬂﬂszsectmcmibw g abeeident esbde od beectibe 1088t ofingl e
[err]0 of aligning treatment at an angle of 55° (g). _

5 _ 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
10 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

15 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.

20 ‘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 1l4a is inclined
25 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

30 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 1l4a and 117a of the third and fourth
retardation plates 114 and 117 are almost. perpendicular

35 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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the {?huid crystal of the liquid crystal cell 101 falls within the range of
200[err] to 240[err], and the [err]n[err]d value falls within the range of
700 nmto 900 nm (neasurenent 20 wavel ength: 589 nn) as in this

enbodi ment, with respect to the incident-side direction 103a of aligning
treatnment, the angle a of light-transmtting axis 110a of the polarizer 110
preferably falls within the range of 135[ertd to 180[err], the angle [err]
of the light-transmtting 25 axis Ila of the analyzer 111 preferably
falls within the,ran 3 of, ngrr] to 105[err], the angle of the phase del ay
axis 112a of thEhPFtheFéF rdALT on plate 112 preferably falls within the
range of (270[err] - per shown+ itS[ther leighth tembodigtendf whenpfiose detay-

L TR anpSeHIS R il uadbl H Bk Do eRVahBhger
pr oduct 111, and the four retardation plates 112, 113, 114, and
5 117 are preferably 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 1llia
10 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
15 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
20 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
25 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
30 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
35 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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5{errfﬁ[err]d of each of the first and second retardation plates 112 and 113
Ts prefrerably set to be 1/2 (i.e., 2 in 1/2 represents the nunber of
retardation plates) of a value 35 . obtained by multiplying the
[erF]n[err]d value of the liquid crystal cell 101 with 0.80 to 0.95 and,

preferably 0.90 to 0. 95. - 22 - [Second ;npodinent] The second
enbodi nent exenplifies an arrangenent in M%ICh one retardation plate is
arranged on each side of a liquid crystal cell. The second enbodi nent will

be 5 descrihed Wi dy ¢ £5ETE0FFod CEFEASEhd OR SPateThS TRRBOFF 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-

5 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
contrasf of 10 or more is increased, the reverse area

10 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.



%efer%nce numer al s as in the first embodinent. Referring to Fig. 7, a
pplar|2er 110 conprising a linearly polarizing plate is |ocated outside or

bel ow an incident-side substrate 104 of a liquid crystal cell 10 101,
and”an anal yzer 111 simlarly conprising.a linearly polarizing plate is
| ocat ed above an exit-side substrate 107_ the cell 101. A first

retardation plate 112 is |ocated between the incident-side substrate 104 of
the liquid crystal cell 101 and the polarizer 110. A second 15

retardation pl ggikds: is | ocated between the exit-side substrate 107 of the
cell 101 and the anal yzer 111. The aligning directions of aligning filnms of
the liquid crystal cell 101 and the aligning state of a |iquid crystal

material are the sang, w%ilﬁquadrbfﬁsiél)dls@laytdevheél&merls&ng
llght transmtting a“fi (§icrystal cell including a pair of sub-
strates having opposite surfaces on which electrodes
arranged perpendicular to each other and aligning films
5 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
10 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
15 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
20 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
25 - 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
30 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
35 claim 1, characterized in that said first and second

AR R




the polarizer 110 is rotated through +145[err] (a) counterclockw se
¥posit+ve or plus hereinafter) with respect to an incident-side direction
103a 'of aligning treatment. A light-transmtting axis Illa of the ana- 25
lyzer I'll is rotated through about +70[err] ([err]) with respect to the
.incident-side direction 103a of aligning treatnent. A phase delay axis 112a
of the first retardation plate 112 is rota& ed t hrough about +85[err]

([err]) with respect 30 to the incident-side direction 103a of aligning

e o AR S B O, TSR R N e 1
direction 103a sefidalliigniiny duyesttalerdell3y101) therepeétwedre. fir st .
enbodi ment, the difuﬁrquﬁﬁddld crystal.display device according to
claim 1, characterized by further comprising a third
5 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

10  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
15 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
20 (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-
25 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,
30 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, characterizea in that said first and second
35 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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phase shifts of |ight conponents having different wave- |engths caused when
these I ght conponents pass through - 23 - the liquid crystal cell 101
can b& mininmzed by the two retardation plates 112 and 113, and coloring of
the dis- play colors can be elininated or reduced. The change in
[err]n[err]d of the liquid crystal cell 10l is conpensated by 5 t he
change in [err]n[err]d of the retardation plater 112, 113 when the indecent
light is inclined fromthe direction of the normal to the cell 101 and two
retardation pl etyarfbt i plEtesand I 1Aren dryiXarcatéd gbetween-satdst is

jncreased. liquid crystal cell (101) and the other of said polar-
izer (110) and analyzer (1lll).

NER )



e -

TJag - Fig. 8 shows equi-contrast curves of this enbodi ment. These

. Turveg“are forned in the sane manner as in the first enmbodi ment descri bed
abowe. Referring to Fig. 8, as conpared with the conventional liquid
cryStal display device shown in Fig. 1, the area having 15 a contrast of-
10 is increased in the lateral directiop. Therefore, the view angle
characteristics can be inproved in the second enbodi nent. Figs. 9A, 9B, 9C,
and 9D show CIE chromaticity diagrams representing-changes in display

colors in 20 ap&tghettrapesngiting (ON: [err] ) and light-shielding (OFF

*) states when the view angle is sequentially changed fromthe direction of
the normal to the substrates to the 50[err] direction in units of 10[err]
in an order of upper, |eft"LIQUED, CARRATALGDISPLA¥SDEVICEY |i quid crystal

di spl ay ' : ' -

In an STN type liquid crystal display device, two
retardation plates (112, 113) are located one. on each
side of an STN liquid crystal cell (101). A twist angle
m0 of the liquid crystal material (109) is set to fall

5 within the range of 200° to 240°, and the An-d value of
the liquid crystal is set to fall within the range of

_ 700 nm to 900 nm (measurement wavelehgth: 589 nm). With

{ , respect to the direction of'aligning treatment of an

incident-side substrate (104), the light-transmitting

10 axis of a polarizer (110) is inclined at an angle fall-
ing within the range of 140° to 180°, the light-
transmitting axis of an analyzer'(lil) is inclined at an
angle falling within the range of (270° ~|¢g|/2) % 10°,
the phase delay axis of the first retardation plate

15 (112) is inclined at an angle falling within the range
of (180° -|¢pl/2) to (180° - |¢p|/2) + 30°, and the
phase delay axis of the second retardation plate (113)
is inclined at an angle falling within the range of
(180° -]dgl/2) to (180° -|dgl/2) - 30°. The An-d value

(. 20 of'each of the first and second retardation plates (112,

' ' 113) is preferably set to be 1/2 (i.e., 2 in 1/2 repre-
sents the number of retardation plates) a value obtained
by multiplying the An-d value of the liquid crystal with
0.80 to 0.95.



25‘§}¢QﬁviceL as in the CE chromaticity diagrans of Figs. 6A to 6D. In
tyi-sgase, as is apparent fromFigs. 9A 9B, 9C,  and 9D, changes in display
cotsors in the respective directions in the OFF state are smaller than those
in the conventional liquid crystal display device shown in 30 Figs. 2A
to 2D. Wien the two retardation plates 112 and-113 are | ocated one on each
si-de of the liquid crystal--cell 101, the twist angle [err]O of the liquid
crystal of the liquid crystal cell 101 falls within the range of 200[err]
to 240[err], 35 and the [err]n[err]d value.falls within the range of 700
nmto 900 nm (neasurenent wavel ength: 589 nm as in this enbodinment, with
respect to the incident-side direction

FIG L] '
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- 24- Q§3a of aligning treatnent, the angle a of the light- transmtting
axishla of the polarizer 110 preferably falls within the range of 135[err]
to%180[err], the angle [err] of the light-transmtting axis Illa of the
anal yzer 5 |1l preferably falls within the range of (270[err]
-[err][err]O[err]/2) +10[err], the angle [err] of the phase delay axis 112a
of the first retardation plate 112 preferably falls within the range of

- (480[err] -[err][err]O[err]/2) to (180 -[err][err]O[err]/2) + 30[err], and
the angle y of the phase delay 10 axi s 113a of the second retardation
plate 113 preferably falls within the range of (180[err]
-[err][err]O[err]/2) to (180[err] - [err][err]O[err]/2) - 30[err]. - At the
same tinme, the product [err]n[err]d of each of the first and second

retardation plate§UPPER POSITION) (LEFT POSITION)
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S pr%{erably set to be 1/2 (i.e., 2 in 1/2 represents 15 t he nunber of
Qetardétion pl ates) of a value obtained by nultiplying the [err]n[err]d

val ue of the liquid crystal cell with 0.80 to 0.95. The angles a, [err], v,
and [err] preferably fall within the ranges of 140[err] to 180[err],

60[err] to 110[err], 30[err] to 80[err], and 50[err] to 90[err],
respectively. 20 . According to. the second enbodi nent, as descri bed
above, with respect to the incident,side direction 103a of aligning
treatnment of the STN liquid crystal lfcell 101, the angles a and [err] of the
light-transmtting axes 110a and |Il{la of the polarizer 110 and the
analyzer Il 25 - and the angles [err] and y of the phase delay axes 112a
and 113a of the first and second pefardation plates 112 and 113 fall within
the ranges of 135[err] to 180[¢g err] to 105[err], 15[err] to

111
™\ 113
( — N\ ..~ 113a
- 2 103a
\\\\\\\\ . ’//,
y ' 112a
101 /
\ - 112 403a
\ ]
N\ 107
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|nprov1mg V|em1angle characteristics and reducing dis- 30 pl ay col oring.
Not e fhat the first and second retardation plates 112 and 113 are nade of
pol,ycar bonate. However, the material of the retardation plate is not
limted to this. For exanple, a retardation plate obtained by 35

sandw ching a pol yvinyl alcohol filmcovered by a protective film may be
used. In the second enbodi nent, characteristics obtained - 25 - when the
[err]n[err]d value of each retardation plate and the inclination angles of
a pair of polarizing plates and a

111

113 s N s N N SN S NS N SN
VA WA A A AN AL A AN SVEAy. ']106 101

112-\""“\.‘\\\\\‘ \\\\‘\\\1/ /

7 7L L LT T Fon

FIG.5
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pair Qfy retardation plates are changed will be described below. 5

The s@me liquid crystal cell as in the second enbodi nent is used, and the
[®crr]n[err]d value of each retarda- tion plate is set to be 356 nm O the
pair of polariz- ing plates, the light-transmtting axis |1 QCa of the

pol ari zer 110 is alnost aligned with a 150[err] direction 10 wth
reference to the incident-side direction 103a of aligning treatnment, and
the direction of the light- transmitting axis Illa of the analyzer 111 i s
set in a direction of about 60[err]. At the sane tinme, the phase delay axis
112a of the first retardation plate 112 is 15 inclined at an angle
falling within the range of 85[err] [err]5[err], and the phase delay axis
113a of the second retardation plate 113 is inclined at an an%eafeﬂling
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wi thipthe range of 35[err] [err]5[err] Equi-brightness characteristics
®btaihed by measur- 20 ing a transmttance distributionin a
Ri.ght - shi.el di ng state by nmeans of Y val ues, equi-brightness characteris-
tics obtained by neasuring a transmttance distribution in a
light-transmtting state by neans of Y values, and equi-contrast curves as
in the second enbodinents in 25  this liquid crystal display device are
respectively shown in Figs. |0A 0B, and 10C. As shown in Figs. 10A, |O0B,
and 10C, this liquid crystal display dexice is excellent in symetry of
view angle characteristics. As conparedfwi th an arrgqggmrent 30 i n which
retardation plates are | ocated on one s{de of the liquid crystal cell of
the first enbodi ment as shown in Fig this | igi d crystal display device

I s appar - [
11;\\\\\\\\ ///////
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| | 113a
| 113 \\\\\\\\\ -
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103a
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ently sexcellent in symretry of view angle characteristics. 35 In
ordes3to evaluate the states of changes in col- ors by avisual sense in
Jhe liquid crystal display device, a color difference [err]E*, a lightness
I ndex dif- - 26 - ference AL*, and a chroma difference [err]C" were
nmeasured. The color difference [err]E*, the |ightness index difference
[err]L*, and the chronma difference AC* are defined in the CIE 1976

(L*,u*,v*) color space as follows: 5 AE[err][err] = [err] .
([err]L[err])2 + ([err]Cerr])2 . Lightness Index [err]L[err] =
abs(L[err] - L[err]) . Lightness | ndex

LTI
e

~
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D|fference [err] C = [err]([err]u[err])[err] + ([err]v[err])2

Ghron#lticness Index [err]u[err] = abs(u[err] - Uerr])
Chromat i cness | ndex 10 Di fference
[err]v[err] = abs(v2* - vl¥*) : Chronaticness I ndex Difference

Ll[err][err] = 116[err](Y[err]/YO1/3 - 16 (i = O, 1 2, if (Yi/YO) is equal
to or less than 15  0.008856, then L[err][err] = 903 29[ err] (Yi/YO.)
uferr]ferr] = 13[err]L[err](u[err] - uferr]) v[err] = 13[err]L[err](V[err]
- v[err]) U[err] = 4[err] X[err]/(Xerr] + 15[err]Y[err] + 3-Zerr]) 20
vierr] = 9[err]Y[err]/(Xerr] + 15[err]Y[err] + 3[err]Zerr]) (where
Xerr], Y[err], and Z[err] are values in an XYZ .
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colorynmetric systen) The equi-color difference curves, equi-lightness index
«di fference curves, and equi-chroma difference curves 25 of col or
difference [err]E[err], the lightness index difference AL*, and the chroma .
difference AC- are shown in Figs. IIA |IB, and IIC, respectively. As shown
in Figs. IlAto |IIC a change in chroma difference AC* is very small, and
vi s- ual dependency of the color differerce—per¥]Bgan bdd®a inproved.

In this enbodinent, therefore, a .'o<—-':";§;o' /M8y ence by the visual
-;“ﬁ!ﬁm;- nd}yﬁtry of view

" sense in alight- transmtting sta
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di ffefgnce. The third enbodinent will be described - 27 - with reference
to Fiwgs. 12 and 13. Figs. 12 and 13 are an expl oded perspective view and a
gectional view, respectively, of the third enbodi nent. The sane refer- ence
nunerals as in the first enbodi nent denote the sane 5 parts in the third

enbodi nent, and a detailed descrip- tion th 6 i1 be gMed. Referring
to Figs. 12 and 13, a liquid crystal peEfer,a 09 | eal a/liquid
crystal cell 101. This liquid crystazffglera->T03 Na di &lhe ic con- 10
stant ratio [err]/[err] of 1.93 PRt i

of
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K3/KI¢5f 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 [err]n[err]d of the gap d
ahd a refractive index anisotropy An of the liquid crystal cell 101 is 864
nm 15 (measurenent wavel ength: 589 nm. Light is incident on the liquid
crystal cell 101 fromthe |lower direction in Figs. 12 and 13. A polari- zer
110 conprising a linearly polarizing plate is |ocated outside or bel ow an

i ncident-side substrate 104. 20 An analyzer |1l simlarly conprising a
linearly polariz- ing plate is | q08&d abeye an ey t-side substrate 107
Three retardation plates 112, 113, ang e JOcated between the

exit-side substrate 107 and t he ang

g The pol arizer 110
is located so that its |light-

~
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transibtting axis |10a is rotated through +35[err] (a) countercl ockw se
¢posistive or plus) with respect to an incident-side direction 103a of
aligning treatment. The analyzer Ill is located so that its
l'ight-transmtting 30 axis |lla intersects with the incident-side
direction 103a of aligning treatnent at an angle of 65[err] ([err]). The
first, second, and-third retardation plates 112, 113, and 114 are
retardation plates obt ai ned by nonoaxially stretchlng pol ycar bonat e and
having a [err]n[err]d 35 val ue of 400 nmto 600 nm ( neasur enent

wavel ength: 589 nn). The first retardation plate 112 is |located so that its
phase delay axis 112a is alnost parallel to the

b ez A~ 111
i L 29 a s A A n i t AR S S A R AR A S A WA WA A AN
Pl el el 73 ~113

112 B N N P P VN N P D N N W W Y

101
107
105
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- 28 -*incident-side direction 103a of aligning treatment. The second
retartfati on plate 113 is located so that its phase delay axis 113a is
~ielined at an angle of about 60[err] or 150[err] (y) with respect to the
‘incident-side direc- 5 tion 103a of aligning treatnent. "The third
retardation plate 114 is located so that its phase delay axis 114a is
al nost perpendicular ([err]) to the phase delay axis 113a of the second
retardation plate 113. The positions of the first, second, and third 10 ,
retardation plates 112, 113, and 114 may| be vari ously changed. For exanple,
as shown in Fig. 14, the SECﬂ?% and t b Haat i on plates 113 and 114
may be arranged between the 8| 01 and the pol arizer 110
in the order named, and the fir €

) 101

)
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//”//::; 103a

N
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15 74112 may be | ocated between the liquid crystal cell 101 and the
sanalyzer Il1. In this case, the second retarda- tion plate 113 is | ocated
N Fig. 12 so that its phase delay axis 113a is inclined at an angle of

about 45[err] or 135[err] (y) with respect to the incident-side direction

20 103a of aligning treatnent. Alternatively, as shown in Fig. 15, the
first retardation plate 112 may be | ocated between the liquid crystal cel

101 and the polarizer 110, and the second and third retardation plates 113

and 114 may be | ocated 25 between thgq Iigyid crystal cell 101 and the

analyzer Il in the order nanmed. In 7 egpol ari zer 110 is | ocated
so that its light-transmtting axj hed at an angl e of

+55[err] (a) with respect to thei stion 103a of aligning

treat nent, : d

“liiiin  £re-e



30 rand the analyzer |IIl is located so that its light- transmtting axis
tl1a*intersects with the incident-side direction 103a of aligning treatnent
at, an angle of 85[err] ([err]). The first retardation plate 112 i s | ocated
so that its phase delay axis 112a is inclined at an angle of 35 about
120[err] with respect to the incident-side direction 103a of aligning
treatnent. The second retardation plate 113 is |ocated so that its phase
del ay axis 113a - 29 - is inclined at an angle of about 75[err] or
165[err] (y) with respect to the incident-side direction 103a of aligning
treatment. [ [ [

V'
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so that its phase delay axis 114a is al nost perpendicu- 5 lar (6) to the
‘#nci dent.-side direction 103a of aligning treatnent. Furthernore, as shown
icn*Fig. 16, the second, third, and first retardation plates 113, 114, and
112 may be | ocated between the liquid crystal cell 101 and 10 pol ari zer
110 fromthe polarizer 110 side in the order naned. In this case, in the

| ayout of Fig. 15, the second retardation plate 113 is located so that its
phase delay axis 113a is inclined at an angl-e of about 60[err] or 150[err]
(y) with respect to the incident-side direc- 15 tion 103a of aligning-
treatment. Alternatively, -the second retardation plate 113 may be | ocated
so that its the phase advance axis normal to the phase delay axis 113a nay
be set at 60 or 150[err] to the incident-side

FIG.18A FI1G.18B
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direc&Pon 103a of aligning treatnent. 20 In this enbodi nent, the
Vi ew angl e characteristics can be inproved by the second and third
retardati on plates whose phase del ay axes are al nost perpendi cular to each
other. Display coloring can be reduced by a conbination of the first to
third retardation plates. 25 Equi - contrast curves obtained by the
.same nmeasure- nent procedures as in the first enbodinent for the lig- 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 I9B, and Figs. 20A and
20B, 30 respectively. More specifically, Figs. 17A and 17B show

equi -contrast curves in the retardation plate arrange- nment of Fig. 12.
Fig. 17A shows a cge he angqlg8gq of the phgse—Te 8

t he second

FI1G.20A FI1G.20B
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retardation plate 113 is set to be 60[err] and the angle [err] 35 of the
phase® del ay axis 114a of the third retardation plate 114 is set to be
t50[err]. Fig. 17B shows a case in which the angle y of the phase del ay
axi s 113a of the - 30 - second retardation plate 113 is set to be
150[err] and the angle [err] of the phase delay axis 114a of the third
retar- dation plate 114 is set- to be 60[err]. Simlarly, Figs. 18A and 18B
show- equi -contrast curves in the retardation 5 pl ate arrangenment 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[err] and the

- o773 ~111
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angl e, [ferr] of the phase delay axis 114a of the third retar- dation plate
I14 is set to be 135[err]. Fig. 18B shows a 10 case in which the angle y
of 't he phase delay axis |13a of the second retardation plate 113 is set to
be 135[err] and the angle [err] of the phase delay axis 114a of the third
retardation plate 114 is set to be 45 err]. Figs. |I9A and 19B show

equi -contrast curves in the retardation 15 pl ate arrangenent 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 err] and the angle [err]

of the phase delay axis 114a of the third retar- dation plate 114 is set to
be 165[err]. Fig. 19B shows a 20 case in which the angle y of the phase
delay axis 113a of the second retardation plate 113 is set to be 165[err]
and the angle [err] of the phase delay axis 114a of the

(%)
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25 -

400 450 500 550 600 650 700
: (nm)
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-thlrd retardation plate 114 is set to be 75[err]. Figs. 20A and 20B show
equi -contrast curves in the retardation 25 pl ate arrangenent of Fig. 16.
ki g. 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[err] and the angle [err]
of the phase delay axis 114a of the third retardation plate 114 is set to
be 150[err]. Fig. 20B shows 30 a case in which the angle y of the phase
delay axis 113a of the second retardation plate 113 is set to be 150[err]
and the angle [err} of the phase delay axis 114a of the third retardation

plate 114 is set to be 60[erj AS—i-& at-from®hese equi-contrast
curves, 35 when the first secord, and tlRi fd |ret|& dati on pl ates 112,
113, and 114 are | ocated, as| $ho I nlFrgsq B, 14| 15, anu 16, areas each
having a contrast of 10 are : ' g : m .
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-31 - hkarger than that of the conventional STN type liquid crystal display
device shown in Fig. 1. In addition, no reverse area is forned. Therefore,
t:he. vi ew angl e characteristics can be greatly inproved. 5 Not e t hat
the first and second retardation plates 112 and 113 conprise retardation
pl ates nmade of poly- carbonate as i'n the above enbodi nent. However, the
material of the retardation plate is not limted to this. A retardation
pl at e obtai ned by sandw chi ng poly- 10 vi nyl al cohol between protective
films may be used. [Fourth Enbodi nent] '
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The-fBurth enbodi ment obt ai ned when the third enbodinment is applied to a
‘eolor” liquid crystal display device will be described in detail with
reference to 15 Figs. 21 to 26. The color liquid crystal display device
of the fourth enbodi nrent has substantially the sane retardation plate
arrangenment as the arrangenent (Fig. 12) of the third enbodi nent, except
that a color liquid crystal cell having color filters fornmed on inner 20
surface of one of the substrates in correspondence with el ectrodes is used.
The same reference nunerals as in the third enbodi nent denote the sane
parts in the fourth enbodinpnt. _and a detailed des&iption thereof will be
omtted. 25 : Referrijng tjo Kig}l 21, |4hfeq pﬂl ry color (i.e., red
(R, green (G, and blue (EH Tuerp 4T ,\11':(4 ﬁ -
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and 115B are formed on an incident-side substrate 104 in correspondence
with &l ectrodes 102. The three primary color filters 115R, 115G and 115B
have spectral charac- 30 teristics shown in Fig. 22 and conprise color
filters for transmtting red, green, and blue col or conponents,
respectively. The electrodes 102 are respectively fornmed on the col or
filters through a filter protective film116. An aligning film2103 is
formed on the elec- 35 trodes 102. Electrodes 105 as in the third
enbodi ment are fornmed on the.inner surface of an exit-side substrate 107
opposi ng the incident-side suhbstrate 10 =32 .9
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An afhgning film2106 is forned on the el ectrodes 105. The exit-side
substrate 107 is bonded by a seal nenber 108 to the incident-side substrate
104 so as to be spaced apart from each other by a predeterm ned 5

di stance. A polarizer 110, an analyzer Ill, a first retardation plate 112,
a second retardation plate 113, and a third retardation plate 114 are
arranged in the sane manner as in the third enbodi nent shown in Fig. 12. In
the fourth enbodi nent, differences in phase 10 shifts of |ight
.conponents havi ng di fferent wavel engt hs caused upgn passi ng of the |ight

conponents through the |i gti-ererystatreett—reat ﬂQ:ﬁ]ﬂlﬁ]ZEd by the three
retar- dation plates -as ip[the thind éenbadilnept.}] and col oring of display
colors can be elimnated.|I[n fddj tijon] . ,haqges ||.qhsplay col ors,
whi ch depend on vi ew poi n}s; \ o h_"“
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can bes minimzed. Figs. 23R 23G and 23B, Figs. 24R 24G and 24B, Figs.
25R, *25G and 25B, and Figs. 26R, 26G and 26B are respectively CE
chromaticity diagrams which show 20 changes in hues of |ight conponents
passi ng through the color filters in a light-transmtting state (ON:[err] )
and a light-shielding state (OFF: *) when the view point is sequentially
changed to 50[err] in units of 10[err] with respect to a direction of a

normal to the substrates in 25 an order of upper, left, |ower, and right
positions of the liquid crystal display device of the fourth enbodinent. In
order to conpare the abover+eswr-srwth-ra—feRveqlitonal case, Figs. 27R
27G, and 27B, Figs. 28R, R8G | and 28B, Hagbk. |29R 29G and 28B, and Figs.
30R, 30 30G and 30B af ¢ respecti v E chr%nsit i Ci tm di agr anms
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whi ch show changes in display colors in a light- transmitting state (ON
Ferr]”) and a light-shielding state (OFF: *) when the view point is
gequentially changed as in the fourth enbodi nent in the conventional Iiquid
35 crystal display device. 1In this case, an arrow a indicates a change
in chromaticity of a transmtted |ight conponent in an ON state, and an
-arrow b indicates - 33 - a change in chromaticity of a transmtted |ight
conpo- nent in an OFF state. Figs. 23R, 23G and 23B and Figs. 27R 27G
and 27B show changes in hues of transmtted Iighhnconponents at
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5 dsfferent view points at the upper position of the liquid crystal

di spl'ay device. Figs. 24R 24G and 24B and Figs. 28R, 28G and 28B show
changes in hues of transmitted |ight conponents at different view points at
the left position of the liquid crystal display device. 10 Figs. 25R,
25G, and 25B and Figs. 29R, 29G and 29B show changes in hues of
transmtted |light conponents at dif- ferent view points at the |ower
position of the liquid crystal display device. Figs. 26R 26G and 26B and
Figs. 30R, 30G and 30B show changes in hues of trans- 15 mtted |ight

conponents at different viewpaints af the right Bosition of the liquid
crystal display device. The df awi nd; nu r$ aFfixed Wt haR represent
changes in hues of |ight Egnppngnts phs4i Ng thrdugh thellad filter. The
drawi ng nunbers affixed Wih—s-Hepie ﬁn OE"‘
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20 " hues of light conponents passing through the green filter. The
drawi'ng nunbers affixed with B represent changes in hues of |ight
goppponent s passing through the blue filter. As is apparent from conparison
between Figs. 23R 25 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
di spl ay device of this enbodi nent, changes in hues of transmtted |ight
conponents at dif- ferent view points can be m nim zed, and changes in dis-
30 play colors in different observation directions can be mnim zed.
Wien three retardation plates are located on the |ight exit side of the

liquid crystal cell in %HS third enbodi mrent as shown in Fig. 12
el ectro-optical charac-
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35 “teristics upon changes in directions of phase delay axes of the
respective retardation plates and directions of light-transmitting axes of
tshe pair of polarizing plates - 34 - are neasured. In the first
arrangenent, the polarizer 110 i's |located so that its light-transmtting
axis I10a is rotated through +140[err] (a) counterclockwi se with respect 5
to the incident-side direction 103a of aligning treatnent. The anal yzer
1l is located so that its light-transmtting axis Illa intersects with the
i ncident-side direction 103a of aligning treatnent

FIG.34
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at an yangle of 55[err] ([err]). 10 The first and second retardation
plates 112.and 113 are retardati on plates obtained by nonoaxially stretch-
izng pol ycarbonate and having a [err]n[err]d value of 300 nmto 400 nm and
preferably 360 nmor 370 nm (neasurenent wavel ength: 589 nn). The first
retardation plate 112 is 15 | ocated so that its phase delay axis 112a is
I ncl-ined at an angle of about 40[err] (y) with respect to the incident-
side direction 103a of aligning treatnment. The second retardation plate 113
is located so that its phase delay axis 113a is inclined at an angl e of

about 5[err] ([err]) with 20 respect to the incident-side direction 103a
of aligning treatnent.,Tﬂ@J+h++d—+eLaLdaLLen—pLaLe +tdei-s—locat-ed bet ween
"the second retardation ffedffe 113 and the analyzeq. |I1.
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The third retardation plate 114 is located so that its 25 phase del ay
axis 114a is inclined at an angle of about 55[err] ([err]) with respect to
tshe incident-side direction 103a of aligning treatnent. In this enbodi nent,
the direction of the phase delay axis 114a of the third retardation plate
114 may 30 be changed. That is, the third retardation plate 114 may be
| ocat ed such that 'its phase delay axis 114a is inclined at .an angl e of
~about 145[err] ([err]) with respect to the incident-side direction 103a of
aligning treatment. As described above, in this enbodinment, the 35

pol arizer 110 is located so that the light-transmtting axis |l.0a of the
pol arizer 110 intersects with the incidept-side direction 103a of aligning
treat ment of ‘

FIG.38
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- 35 7 “the incident-side substrate 104 at an angl e of about 140[err]. At
tthe sane tine, the light-transmtting axes of the polarizer 110 and the
analyzer Ill intersect with each other at an angle of about 85[err]. The
first and sec- 5 ond retardation plates 112 and 113 are | ocated between
the liquid crystal cell 101 and the exit-side analyzer 111. The first
retardation plate 112 i-s |located so that its phase delay axis 112a
intersects with the incident- side direction 103a of aligning treatnent of
the 10 i nci dent-side substrate 104 at an angle of about 40[err]. The
phase del ay axes 112a and 113a of the first and second retardation plates
112 and 113 intersect with
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each other at an angle of about 35[err]. At the sane time, the third
" retardation plate 114 is located between the 15 second retardation
plate 113 and the analyzer |lI|l to be adjacent to the exit-side analyzer |I
so that the phase delay axis 114a of the third retardation plate 114 is
parallel (or perpendicular) to the light-transmtting axis Illa of the
adj acent analyzer II1. 20 _ Differences in phase shifts of |ight
conponent s having different wavel engt hs upon passing of the |ight .
conponents through the liquid crystal cell 10l can be mnimzed by the pair
of first and second retl ' pensati ng

for coloring of 25 t(fe i spl ay colors in the STN pe liquid crystal
dis- play device. The thifd retardation plat 11j/fgqlocated ddj acent to

the analyzer |11, sd&thg0 fhe phase del ay
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axis 1Ml4a of the third retardation plate 114 becones al nost parallel (or
perpendi cul ar) to the light- 30 transmtting axis |Illa of the adjacent
anal yzer Il1. Therefore, the intensity of transmitted |light on the front
surface of the liquid crystal cell 101 can be increased, and the brightness
of the imge vi-ewed fromthe front surface of the liquid crystal display
devi ce 35 can be increased. Phase shifts of |ight conponents ver-
tically incident on the retardation plates 112, 113, and 114 and |i ght
conponent s obliquely incident thereon are: - 36 - cancel ed by those of

the three retardation plates 112,
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113, ahd 114 because phase shifts caused by the retarda- tion plates 112,
¥13, and 114 are different fromeach other. As a result, the area having a
hi gh contrast can 5 be i ncreased, and changes in display col ors at
different view angles an be reduced. Measurenent results of el ectro-optical
characteris- tics of the liquid crystal display device described above are
shown in Figs. 31 to 38. Figs. 31 to 34 show 10 a case in which the
[err]n[err]d value of the liquid crystal cell 101 is set to be 864 nm and
the [err]n[err]d val ue of. each of the retardation plates 112, 113, and 114
is set to be 370 nm Figs. 35 to 38 show a case imgwhich the [err]n[err]d

“value of the liquid crystafJcelr [T0F 1 €L|LO b€¢864 nm 15 and t he
[err]n[err]d val ue of eachlgt—+t-h a6 bA—pHgt es 112, 113, and 114 is
set to be 360 nm ‘Figs. 31} 4ndj3 \ © m
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represEnt Y-V characterlstlcs representing a relatlon- shi p between
transnmittances (Y val ues) and drive volt- ages (V) upon driving of the
l-iquid crystal display 20 device in accordance with time-divisional
dri'ving at a 1/480 duty ratio and a 1/15 bias, and contrast val ues obtai ned
upon this driving. A solid line OFF represents a change in transmttance
upon application of an OFF waveform a dotted |ine ON represents a change
in tran- 25 smttance upon application of an ON waveform and a bro- ken
line CR represents the contrast. Wen the [err]n[err]d value of the
retardation plate showmnm in Fig. 31 is 370 nm the contrast is as high as 63

and the transmttance is alsg as _high as 739 er® he [err]n[err]d val ue
of the 30 retardation plla e|shpwn in FLQ.{ 3% i 59set to be 360 nm the
contrast is as high as 65, dathE T ans t\an(:e (%
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al so as hi gh as 72% Figs. 32, 33, 36, and 37 show equi - bri ght ness curves
when the screen is observed at respective inclined angles with respect to

t.he direction 35 of a normal to the liquid crystal cell as in the
charac- teristics exhibited in the third enbodi nent. Mre specifically,
Figs: 32 and 36 show dark states, whereas - 37 - Figs. 33 and 37

represent bright states. Concentric circles respectively represent 10[err],
20[err], 30[err], 40[err], and 50[err] directions inclined fromthe
~direction of the normal to the substrates of the liquid crystal display
device. 5 A bl ack square ([err] ) represents agransmttance of '10% a
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hollow square ( [err]) represents a transnmittance of 20% a black triangle
¢[err]) represents a transnmittance of 30% a hollowtriangle ([err] )
- epresents a transmttance of 40% a black star ([err]) represents a

transmttance of 50% a 10 “hollow star ([err]) represents a _
transmttance of 60% and a cross (+) represents a transmittance of 70% As

shown in Figs. 32, 33, 36, and 37, the area having a transmttance of |ess
than 10%is large in the dark state, and the area having a transmttance of
10% or 15 nore is large in the bright state in this enbodinent. Figs. 34
‘and 38 show equi -contrast quryves obtained when the® iquid crystal display
device is observed from di f|f pr gnt directibps. Longeéntric circles in Figs.

34 and 38 represent 10[err]1T2qTert] qoFeN|. [40]err], and [err]
directions 20 i nclined firhmlthe dj of t1g nor mal t-he subst -
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rates™n the liquid crystal display device fromthe inner to the outer
circl’fes. A dot ([err]) represents a.con- trast of less than |, i.e.,
r.epresents that the bright and dark states are reversed. A black square
([err] ) rep- 25 resents a contrast of 10, a hollow square ([err])
repre- sents a contrast of 20, a black triangle ([err]) represents a
contrast of 30, a hollowtriangle ([err]) represents a contrast of 40, a

bl ack star (*) represents a contrast of 50, a hollow star ([err] )
represents a contrast of 60, 30 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 nore
is large in this enbodiment. The inverse area which appears at the upper 35
right position of the liquid crystal display device and
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in whih the bright and dark states are reversed is small. Therefore, view
angl e characteristics are - 38 - inproved. In the second arrangenent,
t-he pol arizer 110 is located so that its light-transmtting axis |10a is
rotated through +140[err] (a) with respect to the incident- 5 si de
direction 103a of aligning treatnent. The analyzer |Il is |located so that
its light-transmtting axis |Illa intersects wth the incident-side
direction 103a of aligning treatnent at anjangle of 55[err] ([err]). The
first and second retardation plates 11 111

FI1G.49
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10 “are retardation plates whose [err]n[err]d value is 370 nm
(#measurenent wavel ength: 589 nm. The first retardation plate 112 is
l,otated so that its phase delay axis 112a is inclined at an angl e of about
40[err] (y) with respect to the incident-side direction 103a of aligning
treatnent. 15 The second retardation plate 113 is |ocated so that its
phase -delay axis 113a is inclined at an angle of about 5[err] (6) with
respect to the incident-side direction 103a of aligning treatnent. The
third retardation plate 114 is | ocated between 20 - .the second retardation
plate 113 and the analyzer |Il. The third retardation plate 114 is | ocated
so that its phase delay axis 114a is inclined at an angle of about 55[err]

([err]) with respect to the incide S|de'U§re w 0N 1qggdﬁ al i gni ng
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25 > In the second arrangenent, the phase delay axis 114a of the
third retardation plate 114 nay be set at about 145[err] with respect to
t.he incident-side direction 103a of aligning treatnent. As described above,
in the second arrangenent, the 30 pair of polarizing plates are |ocated
so that the light- transmtting axis of one polarizing plate intersects
with the incident-side direction of aligning treatnent at an angle of about
140[err]. At the same tine, the light- transmtting axes of the pair of

pol ari zing plates 35 intersect with each other at an angle of about
85[err]. The first and second retardation plates are | ocated between the
pair of polarizing plates so that the phase del ay 1033
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- 39 -Yaxis of one plate intersects with the incident-side direction of
ali.gning treatment at an angle of about 40[err], and the phase del ay axes
of 'themintersect with each other at an angle of about 35[err]. In
addition, the 5 third retardation plate is | ocated between the pair of
pol ari zing 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-transmtting axis of the adjacent polarizing 10
pl ate. Measurenent results of el ect
liquid crystal display device des
Figs. 39 and 40 '
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représent Y-V characteristics representing a relation- 15 shi p between

. dransmttances (Y values) and drive volt- ages (V) upon driving of the
lhquid crystal display device in accordance with tine-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 20 - in transmttance upon
application of an OFF waveform a dotted line ON represents a change in.
transm ttance upon application of an ON waveform and a broken Iline CR rep-
resents the contrast. As shown in Fig. 39, when the phase delay axis 11l4a
of the third retardation plate 114 25 is inclined at an angle of 55[err]
wWth respect to the incident-side direction 103a of aligning treatnent, the
contrast is as high as-63, and the ansn P2amge is a@B8ans high as 72% As

shown in Fig. 40, when the phasg
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del ay*axis 114a of the third retardation plate 114 is 30 i nclined at an
angl € of 140[err] with respect to the incident-side direction 103a of
altgning treatment, the contrast is relatively low, 39, but the trans-
mttance is as high as 72% In the second arrangenment, even if the view
poi nt is changed, the area having a 35 hi gh contrast is |large, and
changes in display colors are mninjzed. As described above, in the second
arrangenent, the -40- transm on the front surface of the liquid
crystal display device is ver ' trast |levels are
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hi ghn all

observation directions. In addition, changes in hues of

transmtted |ight conponents at dif- 5 ferent view point can be reduced,
and the view angle characteristics are inproved. In the third arrangenent
of the third enbodi nent shown in Fig. 15 in which the three retardation

pl ates are |ocated on the light exit side of the liquid crystal 10 cell,

el ectro-optical

characteristics upon changes in directions of phase del ay

axes of the respective retar- dation plates and directions of
light-transmtting axes of the pair of polarizing plates are neasured. 1n
the third arrangenent, the polarizer 110 is 15 | ocated so that its
light-transmtting axis_lOa is rotated through +140[ er (a) with respect

to the incident-
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|11+ i located so that its light-transmitting axis Illa intersects with
t*he.-i'nci dent -si de direction 103a of 20 aligning treatnent at an angl e of
56Yerr] ([err]). The first and second retardation plates 112 and 113 are
retardation plates obtained by nonoaxially stretch- ing polycarbonate and
having a [err]n[err]d value of 370 nm (neasurenent wavel ength: 589 nn). The
first retardation 25 plate 112 is located so that its phase delay axis
112a is inclined at an ang|e_.of about (y) with respect to the

i nci dent-side direction 101393&‘ & The second retardation
plate 113 is located so that its g8{80°L8Q)ed at an
angl e of about 30 5[err] ’~\ t he i ncident-side
direction 103a of aligning treat By ay dation plate 114 is

| ocated so that 111

RS n(50°~60°)

e Y (0°~10%)
R - 112a

> } B (35°~45°)

o (135°~145°)
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i tsvphrase delay axis 114a is inclined at an angle of about 50[err] ([err])
Wt h~espect to the incident-side direc- 35 tion 103a of aligning
tr®atment. In the third arrangement, the phase delay axis 114a may be

| ocated to be parallel to a direction of about - 41 - 140[err] with
respect to the incident-side direction 103a of aligning treatnment. As
descri bed above, in the third arrangenent, the pair of polarizing plates
are located so that the light-.5 transmtting axis of one polarizing
plate intersects with the-incident-side direction of aligning treatnent
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at -anvangl e of about 1400. At the sanme tinme, the light- transmitting axes
of tvve pair of polarizing plates intersect with each other at an angle of
qb&ut 85[err]. The 10 first and second retardation plates are |ocated
between the pair of polarizing plates so that the phase delay axis of one
plate intersects wth the incident-side direction of aligning treatnment at
an angl e of about 40[err], and the phase del ay axes of the respective

pl ates 15 intersect with each other at an angle of about 35[err]. In
addition, the third retardation plate is |ocated between the pair of

pol ari zing plates to be adjacent to one of the polarizing plates so that

t he phase delay axis of the third retardation plate is parallel or

per pendi cul ar 20 NS
ing plate.
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Measur'enent results of electro-optical characteris- tics of the liquid
é?¥3fal di spl ay devi ce descri bed above are shown in Figs. 41 to 49. Figs.
1"t o 48B show 25 el ectro-optical characteristics of the liquid crystal
di spl ay device of the third arrangenent. Fig. 41 represents Y-V
characteristics representing a relationship between transmttances (Y

val ues) and drive voltages (V) upon driving of the liquid crystal 30

di spl ay device in accordance with time-divisional driv- ing at a 1/480 duty
ratio and a 1/15 bias, and contrast val ues obtai ned upon this driving. A
solid line OFF represents a change in transm ttance upon application of an
OFF waveform a dotted |ine ON represents a change jin 35 transmttance
upon application of an ON wavef oL# okenll1ﬂﬁaw2represents 1t he

contrast. As shown in
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F|g 41,
and rhe transmttance is al
eqe = bri ght ness curves obta
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state .the area having a transmttance of 10%or nore is large. Fig. 44
shows ™’ ~equi -contrast curves obtained when the liquid crystal display device
| s?observed fromdif- 15 ferent directions. As shown in Fig. 44, in the
third arrangenent, the area having a contrast of 10 or nore is |arge, and
the reverse area which appears at the upper right portion in the liquid
crystal .display device and in which the 20 bright and dark states are
reversed is small. Therefore, the view angle characteristics are inproved.
Fi gs. 45A and 45B, Figs. 46A and 46B, hjgs. 47A ‘and 47B, and Figs. 48A and
48B are CIE chromaticity diagrams show ng vol tage-transmnittance

characteristics represent- 25 ing changes in transmittance as a function
f the volt-
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age applied when a view direction is changed in units of 10[err] fromthe
normal to the liquid crystal display device, and changes in display colors
upon application of the voltage. Mre specifically, Figs. 45A and 45B 30
show t he voltage-transm ttance characteri stics obtai ned when the view
direction is changed in units of 10[err] with respect to the normal to the
liquid crystal cell in the |eft directhggb i.e., the +150[err] direction
with respect to the incident-side di¢seCtion 103a of aligning 35

treatnment, and the CE chronaticityjﬁiagrans represent- ing the changes in
di splay colors. Figs. 46A and 46B show the vol tage-transm ttance
characteristics obtained !

F I G = 3 . This is the replacemant sheet
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- 43 - when the view direction is changed in units of 10[err] wth respect

to the normal to the liquid crystal cell in the right direction, i.e., the
+380[err] direction with respect to the incident-side direction 103a of
aligning 5 treatment, and the CIE chromaticity di agranms represent- ing

the changes in display colors. Figs. 47A and 47B show t he

vol tage-transm ttance characteristics obtained when the view direction is
changed in units of 10[err] with respect to the normal to the liquid
crystal cell in the 10 upper direct#f0 i.e., the +60[err] direction
with respect to the incident-side direction 103a of aligning treatnent, and
the CIE chromaticity diagrans represent- ing the changes in display colors.
Fi gs. 48A and 48B show the voltage-transnittance characteristics obtained
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15 when the view direction is changed in units of 10[err] with respect

- to thé normal to the liquid-crystal cell inthe |ower direction, i.e., the
+240[err] direction with respect to the incident-side direction 103a of
aligning treatnent, and the CIE chromaticity diagrans represent- 20 i ng

the changes in display colors. A black square ( [err] ) and a solid line
‘represent the data obtained when the view direction is the normal to the

liquid crystal cell, a hollow square ( [err] ) and a dotted |ine represent
the data obtained when the view directBsis at 10[err] - 25 to the
direction of the normal to the liquid crystal cell, a blank triangle (

[err]) and a broken line represent the data obtai ned when the direction

inclines by 20[err] fromthe dlrectlon of the nogn t kQui d crystal
cell, a hollow tr(lLHBEB (P@SIEION) he aternate | Hrdgrh &‘ﬁﬁlbw |
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30 ,Short dashed line represent data obtained when the view direction is
at 30[err] to the direction of the normal to the liquid crystal cell, a
blaack star (*) and the alternate long and two short dashed |ine represent
the data obtained when the view direction is 40[err] at the 35 di rection
of the normal to the liquid crystal cell, and a hollow star ([err]) and a
thin dotted line represent the data obtai ned when the view direction is at
50[err] to the - 44 - direction of ®A0normal to the liquid crystal

. cell. As is apparent fromthe above dréamhgs,. steep voltage-transmttance

. characteristic curves are 111a
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obt ai ned. 5 Fig. 49 shows Y-V characteristics representing changes
in transmittance as a function of the drive voltage of tine-divisional
drisvi ng when the phase delay axis 114a of the third retardation plate 114
is inclined at an angle of 140[err] with respect to the incident-side 10
direction 103a of aligning treatnent. |In this case, the transmttance in
the bright state is high, and the con- trast is also high. [Fifth

Enbodi ment] The fifth enbodi ment exenplifies an arrangenent in 15 whi ch
a pair of retardation plates whose phase del ay axes are al npst

per pendi cul ar to each other and two add/®®onal retardation plates are

| ocated between a polarizer and an anal yzer in an STN type liquid crystal
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di splay device to correct the display colofs and inprove 20 the view
angl e characteristics. The sane reference nunerals as in the third

embodi ment denote the sanme parts in the fifth enbodi nent.. Referring to Fig.
50, a polarizer 110 and an anal yzer 111 are respectively arranged on the
two 25 sides of a liquid crystal cell 101. First, second, third, and
fourth retardation plates 112, 113, 114, and 117 are | ocated between the
light exit side subst- rate of the quﬁigbcrystal cell 101 and the anal yzer
111. 30 The polarizer 110 is Ioéa ed so that its light-
transmtting axis Il 0a is rotated through +140[err] (a) countercl ockw se
with respect to an incident-side direc- tion 103a of aligning treatnent.
The anal yzer 111 is
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| ocated so that its light-transmtting axis |lla is at 35 55[err]
([err])~to the incident-side direction 103a of aligning treatnent. The
first,,second, third, and fourth retardation - 45 - plates 112, 113,
114, and 117 conprise retardation plates obtained by nonoaxially stretching
polycarbonate. The [err]n[err]d value of each of the first .and second
retarda- tion plates is set to be 400 nm (neasurenent wavel ength: 5 589
nm., and the [err]n[err]d of each of tBé&Q@hirdrand fourth retardation
plates is set to be 350 nmto 450 nm ( nRESUrEn ngt'|§.3%89 nm .

103a

,@‘
D

ey A
' >

4 ‘#&vﬁtﬂa !
NV

g;g




The first retardation plate 112 is located so that its phase delay axis

112a is inclined at an angle of 10

about 40[err] ([err]) wth respect to

the intident-side direc- tion 103a of ali gning treatnment. The second

retardation plate 113 is |ocated so that
inclined at an angle of about 5[err] (%@Swith
direction 103a of aligning treatnent. A

is located so that its phase del ay ax
about 60[err]

([err]) with respect 6
aligning treatnent. The fourth ret
phase delay axis 117a is inclined !” g

)—\'

Wi th respect to the incident-sidg
this enbodi nent, the directions

at (an a e of
re ' 103a of
: aq% ocg¥ed so that its
eQf \abeNt 150[err] (n)

its phase delay axis |l13a is

respect to the incident-side
Ry d ret aLhi on plate 114

g treatnent. In
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del ay ﬁ?es 114a and 117a of the third and fourth retar- dation plates 114
and 117 may be changed. For exanple, 25 t he phase delay axis 114a of
the third retardation plate 114 nay be inclined at an angle of 150[err]
with respect to the incident-side direction 103a of aligning treatnent, and
t he phase delay axis 117a of the fourth retardation plate 117 may be

i nclined at an angle of about 60[err] with 30 ‘respect to the

i nci dent-si de direction 103a of aligniHd%®reatnent. Differences in anounts
of phase shifts of |ight conponem@38aavi pe~di ff er gfit wavel engt hs caused
when the |ight conponents pass throug A stal cell 35 can be
al nrost corrected since the four rege ysed, thereby
elimnating coloring of the displ&g si nce the phase
del ay axes

.

FIG.12
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- 46 (Bf the third and fourth retardation plates are al nost perpendi cul ar
to each"other, the differences in phase shifts at different view angles can
be-:cancel ed by the two pairs of retardation plates, thereby inproving the 5
view angl e characteristics. Atransmttance distribution in an OFF state is
shown in Fig. 51, a transmittance distribution in an ON state is shown in
Fig. 52, and equi-contralst curves are shown in Fig. 53. As shown in Fig.
51, .in the OFF 10 state, |eakage ofla/B@ht fromthe front surface of the

liquid crystal display device is small. As shown in
) 7777777777 a 111
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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 nore is
i nereased, and the 15 i nverse area whi ch appears in the upper portion of
the liquid crystal display device is reduced. At the sane tinme, the reverse
area in the lower right portion of the liquid crystal display device

di sappears. According to this enbodi ne /50the view angle is increased. 20
As shown in the fifth enbodi nent, when TQ0ur retar- dation plates are used,
the pol arizer 110, the analyzer IIl, and th%{ﬁun retardation plates 112
113, 114, and 117 are prefer % | ocg fol$ows. Wth reference to the
I nci dent-side direction 103a of alidgni N eatdrent, an angle a of the
light-transmitting axis |ll0a g 10\all's within the range
of 135[err]

o
> )
o 103a

FIG.I_4

~
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to 145{?{%rr]; an angle [err] of the light-transmtting axis |Illa of the
analyzer |11 falls within the range of 50[err] to 60[err]; an angle [err]
of- 't he phase delay axis 112a of the 30 first retardation plate 112 falls
within the range of 35[err] to 45 err]; an angle y of the phase delay axis
113a of the second retardation plate 113 falls within the range of Of[err]
to 10[err]; and an angle k of the phask/®0l ay axis 114a of the third
retardation plate 114 falls within the .3 range of 55[err] to 65[err] or
145[err] to 155[err]. Alternatively, t ase advance axis normal to the
"phase delay axis 114a may be set at 55&f ' r&] or 145[err] to
155[err] to the - 47 -

FI1G.15 This is the replacement shest
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ipcideﬁﬁﬁside direction 103a of aligning treatnent. An angle [err] of the
phase delay axis 117a of the fourth retardation plate 117 is set to be
about 90[err] with respect to the phase delay axis 114a of the third retar-
5 dation plate 114. In addition, in the fifth enbodi nent, the
[err]n[err]d value of the liquid crystal cell 101 preferably falls within
the range of 825 nmto 875 nm Wen the [err]n[err]d values of the first
and second retardation plates 112 and:ﬁﬁg are the sane and fall within the
range of 10 375 to 425 nmand the [e r?n[err]d val ues of the third and
fourth retardation plates 114 and 117 are|the sane and fall wthin the
range of 300 nmto 450 nm al nost equ 33d& i stics can be obtained.
Therefore, the [err]n[err]d val ues tardation plates preferably
fall 15 within the above ran 03a

110
FIG.16
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Figs.(ﬁ%A and 54B show equi -contract curves when each of the [err]n[err]d
val ues“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 [err] of the phase del ay
20 axis |Il4a of the third retardation plate 114 is set to be 60[err],
and the angle [err] of the phase delay axis 117a of the fourth retardation
plate 117 is set to be 150[err]. Fig. 54B shows a case in which the angle
[err] of the phase delay axis 114a of the third retardation plate 114 is 25
set. to be 150[err], and the angle [errl6/30 t he phase delay axis 117a of the
fourth retardation plate 117 is set to be 60[err]. As shown in Figs. 54A
and 54B, the area having a contrast of 10 or nore is increased, and the
reverse 30 area which appears in the upper portion of the liquid

FIG.18A
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cryst &i:di spl ay device i.s reduced. Therefore, the [err]n[err]d val ues of
all the'first to fourth retardation plates 112 to 117 can be equal to each
ot-her. In this case, if each [err]n[err]d value is set to be 400 nm

i dentical retarda- 35 tion plates can be used to obtain a manufacturing
advant age. - 48 - [Sixth Enbodi ment] The sixth enbodi nent obtai ned when
the layout of the third and fourth retardation plates in the fifth

enbodi ment is changed will be described bel ow. The sane 5 ref erence
nunerals as in the fifth enbodi ment defﬂkﬁ t he '

FIG.20A FIG.20B
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samne pﬁ?ts in the sixth enbodinent. Referring to Fig. 55, a liquid crystal
cell 101 is fornmed as in the liquid crystal cell of the third enbodi nent. A

pokarizer 110 conprising a linearly 10 pol ari zing plate is | ocated

out side or bel ow an incident-side substrate 104 of this liquid crystal cel
101. An analyzer IlIl simlarly conprising a linearly polarizing plate is
| ocat ed above an exit-side substrate 107 of the cell 101. First and second
retardation 15 pl ates-112 and 113 are | ocated between the exit-side
substrate 107 of the liquid crystal cell 101 and the analyzer IIl, and
third and fourth retardation plates 11¥/8d 117 are | ocated between the
first and second retardation plates 112 and 113. 20 . The pol ari zer

110 is. located so that its |ight-
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transdf\tlng axis Il 0a is rotated through +140[err] (a) countercl ockw se
with respect to an incident-side direc- tion 103a of aligning treatnent.

The analyzer Ill is located so that its light-transnmitting axis |lla
inter- 25 sects with the incident-side direction 103a of aligning
treatnment at an angle of 55[err] ([err]). The first, second, third, and
fourth retardation plates 112, 113, 114, and 117 conprise retardation

pl at es obt ai ned by nonoaxially stretching pol ycarbonate. 30 ‘The
[err]n[err]d value of each of the first and second retarda- tion plates 112
and 113 is set to be 400 nm (neasurenmegg yavel ength: 589 nm), and the
[err]n[err]d of each of the third and tfourth retardation plates 114 and 117
is set to be 350 nmto 450 nm (neasurenent wavel ength: 589 nn). 35

The first retardation plate 112 is | ocated so that

(%)
- 100 -

400 - 450 500 550 600 €50 700
.o (nm)
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its pké‘-_%?e delay axis 112a is inclined at an angle of about 40[err] ([err])
with réspect to the incident-side - 49 - direction 103a of aligning
tr-eatment. The second retar- dation plate 113 is |located so that its phase
delay axis 113a is inclined at an angle of about 5[err] (y) with respect to
the incident-side direction 103a of aligning 5 treatnment. The third
retardation plate 114 arranged between the first and second retardation
plates 112 and 113 is | ocated so that 'ﬁ@lsjophase delay axis 114a is inclined
at an angle of about 60[err] ([err]) w horespect t-%ot he i nci dent-side
direction 103a of aligning typeatfert- paxi
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10 ﬁﬂe fourth retardation plate 117 is.located so that its phase del ay
axis 117a is inclined at an angl e of about 150[err] (90[err] wth respect
to+the phase delay axis 114a of the third retardation plate 114 in Fig. 55)
([err]) with respect to the incident-side direction 103a of aligning 15
treatnment. In the sixth enbodi nent, the phase delay axes 114a and 117a of
the third and fourth retardation platei1 4 and 117 may al so be changed.
For exanpl e, the phase delay axis 1l4a the third retardation plate 114
may 20 be inclined at an angle of 150[err] ([err&) Wi th respect to the
i nci dent -side direction 103gpfryatTomrg—tyeatmprty sand the phase del ay
axis 117a of the fourth retgrdatlio ELgle { ugy Ee i ncldgned at an angl e
of about 60[err] ([err]) w hl rgspect} td Fha\ji n¢i deat - Si direction 103a
of o

\

4

L
0.2\ 0.4
b
FiIG.2a4

i BT
@ © < o\ o
-3 o o o c;“ o
g
o
[l ©
N -
\ N
/1 N
oA N | N O
4 w__*\_;; o -
T :‘-QL
© © « o Q°
o o o o o
J
©\ 00
\ 1° |
A
// .,/”'7;‘2 n:
z /| < q
ST AT N W
al| |/ N e L
a1/ N
t // o i:
11
:l55> ] o
® © % o o©°
.O (@] (@] .° (]

This is the replacement sheet

pate: < 3 AUG 1ggg-



25 (@kigning treatment. In the sixth enbodi nent, differences in phase
shifts of |ight conponents having different wavel engths upon passing of the
| i-ght components through the liquid crystal cell can be al nost corrected
since the four 30 retardation plates are used, thereby elimnating
color- ing of the display colors. |In addition, since the phase delay axes
114a and 117a of the third and fourth retar- dation plates 114 and 117 are
al nost perpendi cul ar to each other, thg,differences in phase shifts at
different 35 vi ew points can be cancé€l’ed by these retardation plates,
thereby inproving the view apgle characteristics @gs. 56A and 56B show
equi -contrast curves.
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- 50 -{#lg 56A shows a case in which the angle 6 of the phase delay axis
114a of “the third retardation plate 114 is set to be 60[err]. and the angle
[err] of the phase delay axis 117a of the fourth retardation plate 117 is
set to be 5 150[err]. Fig. 56B shows a case in which the angle 6 of the
phase delay axis 114a of the third retardation plate 114 is set to be
150[err] and the angle [err] of the phase delay axis 117a of the fourth
retardation plate 117 is set to be 60[5%/§0 As shown in Figs. 56A and 56B,
the area having 10 a contrast of 10 nore i s increased, and the -
reverse area which appears in_the vupper portion_of ®he |iquid crystal

di splay device is reduced. [[Sevgnth Enbcdl nt | © :
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The saﬁ@nth enbodi nent of the present invention 15 wi |l be described
with reference to Fig. 57 and Figs. 58A to 58D. The sane reference nunerals
as*in the fifth enbodi nent denote the sanme parts in the seventh enbodi nent.
Referring to Fig. 57, a liquid crystal cell 10l is 20 fornmed as in the
liquid crystal cell of the fifth enbodi ment. A polarizer 110 conprising a
linearly polarizing plate is | ocated outside or below an incident-side
substrate 104 of this liquid crystal cg)lsgl01. An analyzer 111 simlarly
conprising a linearly 25 pol arizing plate is |gcated above an exit-side

substrate 107 of the cell FptTFITrs metrsecone—{ el ardati on plates 112 and
113 are located between tHetexitisife Isubgtyatie 107 and the analyzer |11,
and third and fourth ' © mg
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-

retardation plates 114 and 117 are | ocated between the 30 i nci dent - si de
substrat'e 104 and the polarizer 110. The polarizer 110 is |located so that
itts light- transmtting axis |l 0Oa is.rotated through +14Q[err] (a)
countercl ockwi se with respect to an incident-side direc- tion 103a of

aligning treatment. The anal yzer 111 is 35 | ocated so that its
light-transmtting axis Illa inter- sects with the incident-side direction
103a of aligning treatment at an angl e2af5065[err] ([err]). - 51 - The

first, second, .third, and fourth retardation pl atgs 112, 113, 114, and 117
conprise retardation . pact
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5

§-obtai ned by nonoaxially stretching polycar bonate. The [err]n[err]d
val ueof each of the first and second retarda-

tion plates 112 and 113

1§ set to be 400 nm (nmeasurenent wavel ength: 589 nn), and the [err]n[err]d
of each of the third and fourth retardation plates 114 and 117 is set to be
350 nmto 450 nm (nmeasurenent wavel ength: 589 nn). The first retardation

plate 112 is |ocated so that 10

| ocated so that its phase
5(err] (y) with respect t
aligning treatnent. The t
phase delay axis 114a is

(LOWER POSITION)

0.8 7/

Its phase delay axis 112a is inclined at

an angle of about 40[err] ([err]) vvitr%r/gépect to the incident-side direc-
tion 103a of aligning treatnent.
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300 (Héﬁr]) with respect to the incident-side direction 103a of aligning
treatmént. The fourth retardation plate 117 20 Is |ocated so that its
phase delay axis 117a is inclined at an angle of about 120[err] (90[err]
with respect to the phase delay axis 114a of the third retardation plate
114 in Fig. 57) ([err]) with respect to the incident-side direction 103a of
aligning treatnent. 25 In the seventh enbodi nent, the phase del ay
axes l1l14a and 117a of the third and foEzjgb retardation plates 114 and 117
may al so be changed. For exanple, the phase delay_axis 114a of the third

0.0

retardation plate 114 may.he {ncli ghesof 120[err] ([err]) with
respect to the 30 I nci pgnttsifjde]di feda on [L10Ja of al pgni ng treat nent,
and the phase delay axis {[I7a] df the uNfh ret%sdatiohﬁphate 117 may be
inclined at an angl e of apguti-3ged+HHer S OE’"
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W th %éépect to the incident-side direction 103a of aligning treatnent.

Al ternatively, the phase delay axis 35 . 114a of the third retardation
plkate 114 may be inclined at an angle of about 45[err] ([err]) with respect
to the incident-side direction |I03a of aligning treatnent and - 52 - the
phase delay axis 117a of the fourth retardation plate 117 may be inclined
at an angle of about 135[err] ([err]) with respect to the incident-side
direction 103a of aligning treatnent; or the phase delay axis 114a of the 5
third retardation plate 114 nmay be inclined at an angle of about 135[err]
~([err]) with respect to the incident-s28&f80
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.

Qirectﬂﬁn 103a of aligning treatnent and the phase delay axis 117a of the
“fourth”retardation plate 117 may be inclined at an angle of about 45[err]
([-err]) with respect 10 to the incident-side direction 103a of aligning
treatnment. Alternatively, the phase advance axis normal to the phase del ay
axis 114a of the third retardation plate 114 nay be set at about 135[err]
to the incident-side direction 103a of aligning treatnent and the phase 15
~advance axis nornmal to the phase del ay Ihs 117a of the fourth retardation
plate 117 may be set at about 45[err] % the incident-side direction 103a

of aligning treatnment. In the seventh enbodi nent, differences in phase 20
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crystgficel | can be alnost corrected since the four retardation plates are
used, thereby elimnating color- ing of the display colors. In addition,
since the 25 phase del ay axes 1l14a and 117a of the third and fourth
retardation plates |14 and 117 are al nost perpendicular to each other, the
di fferences in phase shifts at dif- ferent view angles can be cancel ed by
these retardation plates, thereby inproving the view angle 30 _
characteristics. As shown in the seventh enbodi nent, when four retardation
pl ates are used, the polarizer 110, th80&®l yzer 111, and the four
retardation plates 112, 113, 114, and 117 are preferably | ocated as

follows. Wth 35 r ef 408ne-e—t-o—t-he—inei-dent—si-de—di+eet+om—+03a of align-
ing treatment, an angle(%)df the light-transnittilng axis
E 80 |
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Ian fthe polarizer 110 falls within the range of 135[err] - 53 -1to

IAS[erFT} an angle [err] of the light-transmtting axis |lla of the
anal yzer Ill falls within the range of 50[err] to 60[err]; an angle [err]

of the phase delay axis 112a of the first retardation plate 112 falls

wi thin the range of 5 35[err] to 45[err]; an angle y of the phase del ay
~axis 113a of the second retardation plate 113 falls within the range of
Oferr] to 10[err]; and an angle [err] of the phase delay axis 1l14a of the
third retardation plate 114 falls w t hBWShe range of 25[err] to 50[err] or
115[err] to 140[err]. An angle [err] of the 10 phase delay axis 117a of
the fourth retardation plate

S
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117 iqﬁ%et to be about -90[err] with respect to the phase delay axis 114a of
the thitd retardation plate 114. In addition, in the seventh enbodi nent,
the [err]n[err]d value of the liquid crystal cell 101 preferably falls
within the 15 range of 825 nmto 875 nm \Wen the [err]n[err]d val ues
of the first and second retardation plates 112 and 113 are the sane and
fall within the range of 375 to 425 nmand the [err]n[err]d val ues of the
third and fourth retardation pl ates 11§2ﬁﬂp 117 are the sanme and fal

wi thin the range of 20 300 nmto 450 nm al nost equal characteristics
can be obtained. Therefore, the [err]n[err] 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. 25 Fig. 58A shows a case in
which the angle [err] of the phase
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del ay @ils 114a of the third retardation plate 114 is set to be 30[err],
and thé-angle [err] of the phase delay axis 117a of the fourth retardation
pl-Ate 117 is set to be 120[err]. Fig. 58B shows a case in which the angle
[err] of the 30 phase delay axis 114a of the third retardation plate 114
Is set to be 120[err], and the angle [err] of the phase delay axis 117a of
the fourth retardation plate 117 is set to be 30[err]. Fig. 58C shows a
case in which the angle [err] of the phﬁﬁﬁ delay axis 114a of the third
retardation plate 35 114 is set to be g[err], and the angle [err] of

t he phase del ay axis 117601-#—%-he—$—emﬁ-h—r—e+—a+elﬁ-rﬁﬁ—p+a+&ﬁ7—hs set to be
135[err]. Fig. 58D sho(ﬂé) case in which the fangl eéﬁr] of
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- 54 -tithe phase delay axis 114a of the third retardation plate 114 is set
to, be about 135[err], and the angle [err] of the phase delay axis 117a of
the fourth retardation plate 117 is set to be about 45[err].
Alternatively, the phase 5 advance axis normal to the phase delay axis
114a of the third retardation plate 114 may be set at about 135[err] and

t he phase advance axis normal to the phase delay axis 117a of the fourth
retardation plate 117 nay set at about 45[err] to the incident-side
direction 103a of 10 aligning treat 30 As shown in Figs. 58A to 58D
‘according to the seventh enbodi ment, the area having a contrast of 10 or
nore is increased, and the reverse area which appears in the upper portion
~of the liquid crystal display device
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15 (Ts reduced. [Eighth Enbodi nent] The eighth enbodi nent of the present
invention will be described with reference to Fig. 59 to Figs. 62A and 62B.
THe sanme reference nunerals as in the fifth enmbod- 20 .iment denote the
sane parts in the eighth enbodi ment, and a detail ed description thereof
will be omtted. Referring to Fig. 59, a liquid crystal cell [0l is forned
as in the liquid crystal cell of the fifth enbodinent. A polarizer 110
conprising a linearly 25 pol arizing plate is | ocated outside or bel ow an
i nci dent -side substrate 104 of this ligghsg crystal cell 10l. An analyzer
|1l conprising a linearly polarizing plate is |oc®& ed above an exit-side

substrate 107 of the cell JUO1.| F rs. se nd, [an§i ourth retardation pl ates
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30 (““12 113, and 117 are |l ocated between the exit-side substrate 104 of

the liquid crystal cell 10l and the analyzer IIl in the order named. A
third retardation plate 114 is | ocated between the incident-side substrate
104 of the cell 10l and the polarizer I10. 35 The polarizer 110 is
| ocated so that its light- transmtting axis |Ila is rotated through
+140[err] (a) counterclockwi se with respect to an incident-side - 55 -
direction 103a of aligning treatnment. The analyzer Il is |ocated so that
its light-transmtting axis |lla |nteQ§9gbs w th the incident-side
direction 103a of ©
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alignﬁﬁb treatment at an angle of 55[err] ([err]). 5 The first,
second, third, and fourth retardation plates 112, 113, 114, and 117
cohprise retardation plates obtained by nonoaxially stretching

pol ycarbonate. The [err]n[err]d. values of each of the first and second
retarda- tion plates 112 and 113 is set to be 400 nm (neasurenent 10

wavel ength: 589 nn), and the [err]n[err]d of each of the third and fourth
retardation plates 114 and 117 is set to be 350 nmto 450 nm (measur enent
wavel ength: 589 nm). The first retardad?/3 plate 112 is located so that its

phase delay axis 112a is inclined at an angle of 1@ about 40[err]
([err]) with respect to th _Fﬁln,l ni- sjaej anr eg- joon 103a of aligning
treatment. The second ret gddati-op—gdlate 3—+s-lpcated so that its phase

delay axis 113a is inclineg |at|an| argl ¢ f‘%iéjt 5berr] (y)nndth respect to
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t.he |@’“dent side direction 103a of aligning treatment. 20
retardation plate 117 is located so that its phase delay axis 117a is
intlined at an angle of about 55[err] ([err]) with respect to the

i ncident-side direction 103a of aligning treatnent.
plate 114 is | ocated so that

The fourth

The third retardation
its phase delay axis |Il4a.is inclined 25 at

an angl e of about 140[err] ([err]) with respect to the incident-side

direction 103a of aligning treatnent.
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retardﬁfﬁon pl ates 114 and 117 are al nost perpendicul ar 35 to each
other, the differences in phase shifts at dif- ferent view angles can be
cahcel ed by these retardation plates, thereby inproving the view angle -
56 - characteristics. As shown in the eighth enbodi ment, when four retar-
dation-plates are used, the polarizer 110, the analyzer |1l, and the four
retardation plates 112, 113, 114, and 5 117 are preferably located as
follows: with reference to the incident-side direction 103a of aligning
treatnment, an angle a of the light-transmtting axis |l0a of the
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[d

polarié@ﬁ 110 preferably falls wthin the range of 135 err] to 145[err]; an
angle [err] of the light-transmtting axis Illa 10 of the analyzer ||
preferably falls within the range of 50[err] to 60[err]; an angle [err] ‘of
t he phase delay axis 112a of the first retardation plate 112 preferably
falls within-the range of 35[err] to 45 err]; an angle y of the phase del ay
axis 113a of the second retardation pIqP§5,13 preferably 15 falls within
the range of O[err] to 10[err]; an angle t he phase del ay axis

. (T1talis within the range
of 135[err]-to 145[err]; and an angle ase delay axis 117a of
the fourth retardation plate 117 g the range .20 of
SO0[err] to 60[err]. The [err]n[ &R | d crystal cell 101
preferably falls within the range, 0 en the
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rgtardﬁﬁ}on plates 112 and 113 are the sane and fall within the range of
375 to 425 nmand the [err]n[err]d values of 25 the third and fourth
refardation plates 114 and 117 are the same and fall within the range of
300 nmto 450 nm al nost equal characteristics can be obtained. Therefore,
the [err]n[err]d values of these retardation plates 112, 113, 114, and 117
preferably fall within the above 30 .ranges. Fig. 57A shows a
transmttance distribution in an OFF s%a;go Fig. 57B shows a CI'E
chromaticity diagramin the OFF state, (g. 60A shows a transmttance
distri- bution in an ON state, and Fig. 60B shows a CIE 35 chromaticity
diagramin the ON state. Fig. 61A sho pqli -contrast curves. Fig. 61B
shows a CIE chromaticity diagramrge esenf%qgﬂ_~(nges1U@éxﬂcns during
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-~57 -¥@transition period fromthe ON state to the OFF state. As shown in
Fig. 59A, light leaking fromthe front surface of the liquid crysta

play device in the OFF state is snmall. Wen the view angle is increased,
| eak- 5 age light appears fromthe upper portion of the liquid crystal
di spl.ay device. As shown in Fig. 60A, the transnmittances in the ON state
are large in all directions. As shown in Fig. 61A the area having a
contrast of 10 or nore is increased, the reverse area 10 whi'ch appears
in the upper portion of the liquid cryg&yﬁodlsplay device is reduced, and
~the reverse area in the
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Lﬂmer'EEEht portion of the device disappears. According to this enbodi nent,
the viéw angle is increased, and the view angle characteristics are

i nproved. -1- Cdains: 1. Aliquid crystal display device conprising: a
liquid crystal cell including a pair of sub- strates having opposite
surfaces on which el ectrodes arranged perpendicul ar to each other and
aligning filnms 5 subjected to an alquggg treatnent in a predeterm ned
direction and formed to cover said el eg es are forned, and a liquid
crystal material seal ed between 111 ' .

. £
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< & :
sai d dﬁﬁgning films, twisted in a range of 200[err] to 240[err] from one of
said pair of substrates to the other of said 10 pair of substrates, and
haVing a product [err]n[err]d of a refractive index anisotropy An and a
| ayer thickness d falling within a range of 700 nmto 900 nm a polarizer
| ocated outside of a light incident side of said pair of substrates and
having a direction 15 of an optical axis falling within a range of

135[err] to 180[err] with respect to a fikgt direction of aligning
treatment performed on said aligning fﬁ Alof t he incident-side substrate of

said pair of substrates; and an anal yzer |ocated outside of a light exit
side of 20 said pair of substrates and having a direction of an optical

axis falling within a range of 50[¢ b r] W tfpggaspect to the

o)

first direction of aligning tre.!n I
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charadterlzed in that first and second retardation plates (112, 113) each
25 having a product [err]n[err]d of a refractive index anisotropy An and
a+Tayer thickness d of 350 nmto 600 nmare |ocated between said polarizer
(110) and said analyzer (111). 2. A liquid crystal display device according
to 30 claim11, characterized in thg% ? |d first and second retardation
plates (112, 113) are | ocated betweg é d liquid crystal cell (101) and
one of said polarizer (110) and _afal Prer (I11). 3. Aliquid crystal .display

devi ce according to 35 cl pd charas{eriz®&d in that said first and
second /7~ o~ e (50°~60°)
. \ -'\ / ’
| 103 |
> 111 -
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103a 113
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-2- re¥ardation plates (112, 113) are located to sandwich said liquid
crystal™~cell (101) therebetween. 4. A liquid crystal display device
aedording to claim1, characterized by further conprising a third 5
retardation plate (114) | ocated between said polarizer (110) and anal yzer
(I''1) and having a product [err]n[err]d of a refractive index anisotropy An
and a layer thickness d of 350 nmto 600 nm 5. Aliquid crystal display
devi ce according to 10 claimd4, characterized in that said first,

second, and third retardation plates (Lﬁ@so 114) are | ocated between said
liquid crystal cell (101) and one of said polarizer (110) and anal yzer
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< uf,\{T . .
6s A Iﬁféw d crystal display device according to 15 claim4,
charactérized in that said first and second retardation plates (112, 113)
aré | ocated between said liquid crystal cell (101) and one of said ,
pol ari zer (110) and anal yzer (111), and said third retardation plate (114)
Is | ocated between said liquid crystal cell 20 (101) and the other of
said polarizer (110) and anal yzer (111)47/80 A liquid crystal display
device 1, character- ized 3 _further coNQrising third and fourth

ép%i‘ ’ .

retardation plates (114, 1 ted bt ween said pol - 25
arizer (110) and anal.yzer (112)-4nd~gs NaLg @QPQ@UN!
[err]n[err]d of a refractive i Ng SAE qnd a | ayer thickness d of
350 nmto 600. 8. Aliquid 'i”éSta Yy e g ording to’

: 111a—

110
This is the re ' :
F l G . 5 8 | s the replacement sheet
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'okainTﬁgﬁcharacterized in that said first, second, 30 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. Aliquid
crystal display device according to claim8, characterized in that said
first and second 35 retardation plates (112, 113) are | ocated between
said liquid crystal cell (101) and one of said polarizer (l110)-and anal yzer
(111), and said third and fourth retardation plates (112, 113) are
|.ocat ed between said liquid crystal celhsﬁﬂfu) and the other of said polar-
i zer (110) and anal yzer (111). ' :
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