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(7) ABSTRACT

A liquid crystal display of a transflective IPS system in
which a lateral electric field is applied to a liquid crystal
layer. Polarization films are arranged on the entire surface of
a transmissive display unit and a reflective display unit in a
manner similar to a transmissive IPS system. An inner
retardation layer whose retardation is equal to a half wave is
formed in the reflective display unit. A retardation of the
liquid crystal layer of the reflective display unit is set to a
quarter wave. Thus, a reflective display can be performed in
a wide range of environment from a light place to a dark
place and a transmissive display of'a wide viewing angle and
high picture quality can be performed.

62

41 - HZZZ777 777777777

IIIII/II\IIIII VAV A &4

43|

™31

36 — LT T

IIIIIIIIllIllIIllIIIl\IHE LT,

: / ~—37
35—~ = :
B = == U g

===V g

~—52

1T




Patent Application Publication Aug. 31,2006 Sheet 1 of 19 US 2006/0192912 Al

FIG. 1

(270 / ///
' ///
27 ///////
- ///

///;///
f’// /I //// 4
////// /// Y
A7 ////////////// ///// //’

0000 /7////// /,
7 ////////////// LA,
% ////////////////////////// //////
7777 //
A /////////////// ////
077 /// L0
0000 //// /,
AN

26’“»»@: I




Patent Application Publication Aug. 31,2006 Sheet 2 of 19 US 2006/0192912 Al

FIG. 2

61 62
43"
™—31
36J'll|IHIIIIHIIIHIHIHIIII LT I T T
35~ .’ | ~—37
B = == WU 38
T %
21 29| 28 23 ™—32

42J VAV EEEEEIVEEEEEEEEEEENSEESSSS.

7 — 1



Patent Application Publication Aug. 31,2006 Sheet 3 of 19 US 2006/0192912 Al

FIG. 3

102,106




Patent Application Publication Aug. 31,2006 Sheet 4 of 19 US 2006/0192912 Al
%3 CIRCULARLY
POLARIZED LIGHT
NP
1/4 ROTATION
1/2 ROTATION
> 52
LIQUID CRYSTAL
LAYER ALIGNMENT
DIRECTION
SLOW AXIS OF INNER
S1 RETARDATION LAYER
TRANSMISSIVE AXIS OF
1ST POLARIZATION FILM
33 GIRCULARLY
POLARIZED LIGHT
> 1/4 ROTATION
> 1/2 ROTATION

LIQUID CRYSTAL
LAYER ALIGNMENT
DIRECTION

S1

TRANSMISSIVE AXIS OF
1ST POLARIZATION FILM

SLOW AXIS OF INNER
RETARDATION LAYER



Patent Application Publication Aug. 31,2006 Sheet 5 of 19 US 2006/0192912 Al

CIRCULARLY
POLARIZED LIGHT

< 1/4 ROTATION
<12 ROTATION

LIQUID CRYSTAL
LAYER ALIGNMENT
DIRECTION

SLOW AXIS OF INNER

S RETARDATION LAYER

TRANSMISSIVE AXIS OF
1ST POLARIZATION FILM

LIQUID CRYSTAL
LAYER ALIGNMENT
DIRECTION

SLOW AXIS OF INNER

S RETARDATION LAYER
TRANSMISSIVE AXIS OF 1/4 ROTATION
1ST POLARIZATION FILM
1/2 ROTATION CIRCULARLY

POLARIZED LIGHT



Patent Application Publication Aug. 31,2006 Sheet 6 of 19 US 2006/0192912 Al

FIG. 8A

SLOW AXIS OF INNER _ .
RETARDATION LAYER ™\ 6 'py =180

(6'pn —180°)

AUXILIARY LINE
6',c —180°
> S2
1/4 ROTATION
LIQUID CRYSTAL LAYER 1/2 ROTATION
ALIGNMENT DIRECTION
TRANSMISSIVE AXIS OF
1ST POLARIZATION FILM
S1
LIQUID CRYSTAL LAYER
ALIGNMENT DIRECTION
> 52
1/4 ROTATION
1/2 ROTATION

SLOW AXIS OF INNER

TRANSMISSIVE AXIS OF RETARDATION LAYER

1ST POLARIZATION FILM
S1



Patent Application Publication Aug. 31,2006 Sheet 7 of 19 US 2006/0192912 Al

LIQUID CRYSTAL LAYER
ALIGNMENT DIRECTION

1/4 ROTATION

(360°-8'p )

1/2 ROTATION

SLOW AXIS OF INNER
RETARDATION LAYER 360°-6 'py

TRANSMISSIVE AXIS OF / {
1ST POLARIZATION FiLM = o1

FIG. 8D

SLOW AXIS OF INNER
RETARDATION LAYER

» S2
1/4 ROTATION S
(180°-6'ph )
1/2 ROTATION LIQUID CRYSTAL LAYER
ALIGNMENT DIRECTION

TRANSMISSIVE AXIS OF ) | 180°=6'pr
1ST POLARIZATION FILM

St



Patent Application Publication Aug. 31,2006 Sheet 8 of 19 US 2006/0192912 Al

FIG. 10

50 10
>-
<wE O] we
22% | <zt
n D
200 - 00
S5 =S <
(529 0} JECUUER SUUUUUE NN OO NSRS SN SOOI SR R L 4 ¥z0
—<LL rrrrrrrrr m<u-
Cow <[
0 W OF W
10 - - 2
0 0

50 40 30 20 10 0 10 20 30 40 50
POLAR ANGLE (%)

10
> g g 03 """""""""""""""""""""""""""""""""""""
%>
L LR e M
Nz
=pAN
B 1 T T T
C<i
Sk

. N SOV SRS OUTONY SOOI

00 s : =

-10 05 00 05 10
LIQUID CRYSTAL LAYER

THICKNESS FLUCTUATION (. m)



Patent Application Publication Aug. 31,2006 Sheet 9 of 19 US 2006/0192912 Al

FIG. 12

61 62
41\/1@%@%
43-"] | ~_31

('38
30— I
36— e UH [\’37

= =10
Ve




Patent Application Publication Aug. 31,2006 Sheet 10 of 19 US 2006/0192912 Al

FIG. 13

26’—\-@: \




Patent Application Publication Aug. 31,2006 Sheet 11 of 19 US 2006/0192912 Al

FIG. 14

194 403
90°
(675
— 102
1057 /!
10

90°

|

102,106

105

—h
O e ——
-



Patent Application Publication Aug. 31,2006 Sheet 12 of 19 US 2006/0192912 Al

FIG. 16

27-¢

20~

267




US 2006/0192912 Al

.ﬂ//f/./// NN /%fﬂ/f/./a

129
Ll o8
§v21

//////////////

/

&

%;
Z,

%

9

/'/

27

NN ///////////

T

///// N

_—_—-fH

FIG. 17

N hnwy

Log
\o5

O+26

/// ///// W

ARRnnmas

7 IIIIII/IIIIIIIIIIIII/II' ?IIIIIIIIIIIIIIIIIII)'III

ééé/é&&&f&//y}é

Patent Application Publication Aug. 31,2006 Sheet 13 of 19

)
(

QA

A

il
I,_
L
L -

{



Patent Application Publication Aug. 31,2006 Sheet 14 of 19 US 2006/0192912 Al

FIG. 18

101
102,

103

104

FIG. 19

102,106 1;91

104




Patent Application Publication Aug. 31,2006 Sheet 15 of 19 US 2006/0192912 Al

FIG. 20

27
23

22

29

28




Patent Application Publication Aug. 31,2006 Sheet 16 of 19 US 2006/0192912 Al

FIG. 21

67.5°

103
90°

—h
======w==== O
nNo

104

:
o j
Ol

—
O _—=
—

FIG. 22

102,106

90°

104 Q;Y//]

et e = =

=

-
(-
1))

—
O o —————
—



Patent Application Publication Aug. 31,2006 Sheet 17 of 19 US 2006/0192912 Al

FIG. 23
61 62

ﬂ////IIIIIIIIIIIIIIIIIAIIIIII/lll

4 3 / TR TR T ‘ , 38
35J:.1:-'.-.1:- /r ‘ -

36J~IIIHII]HIIIHIIIIIIIIIIII’IIIIIIIIIIIIIIIIIIII\IIII i

33 = %/% N

= \s=_~10

42J IIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIII

R — 1




Patent Application Publication Aug. 31,2006 Sheet 18 of 19 US 20
OV — 1 1 |0
R T O 0 O O 0 W
= Yoveon d —
Swg i e ST
~ ! : : : : ' <=
&0 SN SN SN SUNUO PN PO OO SO SO OO | S >
9%6 %0 O 6 Lno
QzZ> N nsz
—< L0 oo (@) (% L
I%(j i e e e e S 4 20
O P CC<Civ
i |, aE
L B R . Ly
0 .......... booen

v,
41 —F § 74 72787 1
T 1 T

' + t t t t t t ' 0
50 40 30 20 10 0 10 20 30 40 50
POLAR ANGLE (°)

FIG. 25

61 62

06/0192912 Al

~—44

43|

™31

-lLlIIIIIIIIIllIIIIIIIIIIIIIIlllllIIIIIHIIIlIlIIh\IIlJIFIIIIIIIIIIII

~—37

= = | = W/l _  A47
= == =10

— R\ fooonoaaonnata ~—34
o e e .9 2 N

NN SN SK AN AN .
Ll

42 ——

ANN
Ll fl ¥ L L Ll L L2l
L LI LL L7777 777772727727 7777722727

D 1



THICKNESS FLUCTUATION (m)

Patent Application Publication Aug. 31,2006 Sheet 19 of 19 US 2006/0192912 Al
N — — 10
-
o 0 e s
we IR > RN
JeE | R P -
D% (>j AR Ao
== bl n=z
- - W Vo e = w
D= on o b NS N )=
I =0 2 T S SO UL SO : S 3 4 Y20
O P - C<ic
L s e S T S S St S o B
0 e 0
-50 40 30 -20 10 0 10 20 30 40 50
POLAR ANGLE (°)
10
>_ g g 0.3 """"""""""""""""""""""""""""""""""
523
o 0O 06 ................................................................
NS Z
O
B O B )L B B e
C<cu
<
O W g0 foeeeeneees el
00 ; Z ;
10 05 00 05 10
LIQUID CRYSTAL LAYER



US 2006/0192912 Al

LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relates to U.S. patent application
Ser. No. not yet assigned based on Japanese Patent Appli-
cation No. 2004-154780 filed May 25, 2005 entitled “LIQ-
UID CRYSTAL DISPLAY APPARATUS” by Osamu ITO et
al., the disclosure of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a liquid crystal display
which can display images in a wide range of environment
from a light place to a dark place and execute a transmissive
display with a wide viewing angle and high picture quality.

[0004] 2. Description of the Related Art

[0005] At present, a transmissive liquid crystal display of
an IPS (In Plane Switching) system, a VA (Vertical Align-
ment) system, or the like has been spread as a monitor and
is also used as a television by improving response perfor-
mance. A liquid crystal display has also been spread to the
fields of portable information apparatuses such as cellular
phone and digital camera. Although the portable information
apparatus is mainly used personally, in recent years, the
number of portable information apparatuses in which an
inclination angle of a display unit can be varied has been
increased and the display unit is often observed from the
oblique direction. Therefore, a wide viewing angle is
demanded.

[0006] Since the display for the portable information appa-
ratus 1s used in a variety of environments in ranges from the
outdoors in the fine weather to the darkroom, it is demanded
that the display is transflective. In the transflective liquid
crystal display, a reflective display unit and a transmissive
display unit are arranged in one pixel.

[0007] In this case, the reflective display unit performs a
display by reflecting a light entering from the ambience with
use of a reflection layer and a contrast ratio is kept constant
irrespective of the ambient brightness, so that a good display
state can be obtained under a relatively light environment in
ranges from the outdoors in the fine weather to the interior
of the room. According to the transmissive display unit,
since a backlight is used and the brightness is kept constant
irrespective of the environment, a display of a high contrast
ratio can be obtained in a relatively dark environment in
ranges from the interior of the room to the darkroom.
According to the transflective liquid crystal display having
functions of both of them, a display of the high contrast ratio
can be obtained in a wide range of environment from the
outdoors in the fine weather to the darkroom.

[0008] Hitherto, it has been expected that the reflective
display and the transmissive display of a wide viewing angle
are simultaneously obtained by constructing the display of
the IPS system known as a transmissive display of the wide
viewing angle as a transflective type. The transflective IPS
system has been disclosed in, for example, JP-A-11-242226.

[0009] In the liquid crystal display of the transflective IPS
system, although a plurality of retardation films are arranged
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on the whole upper and lower surfaces of a liquid crystal
panel, phase differences among the retardation films have
viewing angle dependency. Therefore, even if the phase
differences among the liquid crystal layer and the plurality
of retardation films and an axis layout are optimized in a
normal direction, as a viewing point gets away from the
normal direction, conditions rapidly deteriorate to be away
from optimum conditions for the dark display.

[0010] Although the viewing angle dependency of the
phase differences can be reduced by adjusting a refractive
index in the thickness direction of the retardation films, it
cannot be completely eliminated. In the transflective IPS
system, thus, an increase in dark display transmissive ratio
in the oblique direction is large and viewing angle perfor-
mance of the transmissive display is inferior to that of the
transmissive TIPS system.

[0011] According to JP-A-2003-279957, in the VA system,
retardation films are arranged in close vicinity to the liquid
crystal layer, patterned, and arranged only in the reflective
display unit. However, nothing is disclosed with respect to
application to the IPS system which provides the transmis-
sive display with the wide viewing angle.

[0012] According to the transmissive IPS system, the
liquid crystal layer has homogeneous alignment, upper and
lower polarization films are arranged so that their transmis-
sive axes cross perpendicularly, and one of the transmissive
axes is parallel with the liquid crystal alignment direction.
Since the light entering the liquid crystal layer is linearly
polarized light and its electric vector is parallel with the
liquid crystal alignment direction, the phase differences are
not obtained by the liquid crystal layer. Therefore, since a
dark display of a low transmissive ratio can be realized and
no retardation films exist between the liquid crystal layer
and the polarization films, a surplus phase difference does
not occur in the oblique direction and the dark display with
the wide viewing angle can be realized. As mentioned
above, the retardation films are inherently unnecessary in the
transmissive IPS system.

[0013] In the liquid crystal display of the transflective IPS
system, the reflective display unit and the transmissive
display unit in which optical conditions for the dark display
are essentially different are arranged in one pixel. That is, in
the reflective display unit, the light enters from the polar-
ization film on the upper surface of the liquid crystal display,
is reflected by the reflection layer in the liquid crystal panel,
thereafter, passes through the upper polarization film again,
and is directed toward the user. In the transmissive display
unit, the light enters from the polarization film on the lower
surface of the liquid crystal display, thereafter, passes
through the polarization film on the upper surface of the
liquid crystal display, and is directed toward the user. The
phase difference between the phase of the light which
provides the dark display in the reflective display unit and
that in the transmissive display unit is caused due to such a
difference between optical paths and it is equal to a quarter
wave. Therefore, when the reflective display unit is in the
light display mode, the transmissive display unit is in the
dark display mode or vice versa, and the reflective display
unit and the transmissive display unit have different applied
voltage dependency. To allow those display units to have the
same applied voltage dependency, the phase difference
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between the reflective display unit and the transmissive
display unit has to be shifted by the quarter wave by some
method.

[0014] According to the conventional transflective IPS
system, the retardation films are arranged on the whole
upper and lower surfaces of the liquid crystal panel. The
light which enters the reflective display unit from the
outside, the light reflected by the reflection layer of the
reflective display unit, and the light which passed through
the transmissive display unit pass through the retardation
films on the upper side of the liquid crystal panel among
those retardation films. As mentioned above, the upper
retardation films act on both of the reflective display unit and
the transmissive display unit. On the other hand, since only
the light which is emitted from a light source and enters the
transmissive display umit passes through the retardation
films on the lower side of the liquid crystal panel, the lower
retardation films act only on the transmissive display unit.
By using a difference between the actions of the upper
retardation films and the lower retardation films onto the
reflective display unit and the transmissive display unit, the
phase difference between both of the display units is shifted
by the quarter wave. However, since the surplus phase
difference occurs in the oblique direction since the retarda-
tion films exist between the liquid crystal layer and the
polarization films, the viewing angle performance of the
dark display deteriorates.

SUMMARY OF THE INVENTION

[0015] As mentioned above, according to the conventional
transflective liquid crystal display, a wide viewing angle
similar to that of the transmissive IPS system cannot be
realized. It is, therefore, an object of the invention to realize
a wide viewing angle similar to that of the transmissive IPS
system in the transflective liquid crystal display.

[0016] According to the invention, retardation films are
arranged only in a reflective display unit of the transflective
IPS system and polarization films which are used for the
reflective display unit and the transmissive display unit have
common specifications. The polarization films are arranged
on the whole upper and lower surfaces of a liquid crystal
panel, and the retardation films are formed as an inner
retardation layer in the liquid crystal panel, patterned, and
formed only in the reflective display unit. At this time, by
arranging the upper and lower polarization films in a manner
similar to that in the transmissive IPS system (their trans-
missive axes perpendicularly cross each other and one of
them is parallel with a liquid crystal alignment direction),
the same transmissive display viewing angle performance as
that of the transmissive IPS system is obtained.

[0017] After the polarization films are formed in a manner
similar to that in the transmissive IPS system, the inner
retardation layer is arranged so as to shift a phase difference
between the reflective display unit and the transmissive
display unit by a quarter wave. Specifically speaking, a
laminate of the liquid crystal layer and the inner retardation
layer is arranged like a quarter wave plate of a wide band.
That is, the retardation of one of them near the reflection
layer is set to the quarter wave and that of the other is set to
the half wave.

[0018] According to the IPS system, a layout of the liquid
crystal layer is changed so that mainly a director azimuth is
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rotated in the layer when a voltage is applied, a change in tilt
angle is small, and the retardation hardly changes. There-
fore, between the liquid crystal layer and the retardation
films, the liquid crystal layer is arranged in close vicinity to
a reflective electrode and its retardation is set to the quarter
wave.

[0019] A slow axis of the inner retardation layer is deter-
mined as follows. An azimuth is defined counterclockwise
by setting a transmissive axis of the upper polarization film
to 0°. When a slow axis azimuth of the inner retardation
layer 1s assumed to be 0, and an azimuth of the alignment
direction of the liquid crystal layer is assumed to be 0; ., an
azimuth in the case of the quarter wave plate of the wide
band is shown by the following expression (1). A method of
obtaining the expression (1) will be described hereinafter.

20p=£45740 (1)
where, 0; - has to be set to either 0° or £90° since the layout
of the polarization films in the transmissive display unit is
similar to that of the transmissive IPS. Thus, 0, is equal to
+22.5° (a range from 20° or more to 25° or less in consid-
eration of an allowance of x10% in manufacturing) or
+67.5° (a range from 60° or more to 75° or less in consid-
eration of an allowance of £10% in manufacturing). By
arranging the laminate of the liquid crystal layer and the
inner retardation layer like a quarter wave plate of the wide
band, a reflective ratio of the whole visible wavelength
region decreases and an achromatic reflection display of the
small reflective ratio is obtained.

[0020] Between the reflective display unit and the trans-
missive display unit, the optimum values of the liquid crystal
layer retardation to set the reflective ratio and the transmis-
sive ratio to the maximum which is determined by light
absorption of the polarization films are different. In the
reflective display unit, the optimum value is set to the
quarter wave. In the transmissive display unit, it is set to the
half wave. To realize those values, a thickness of liquid
crystal layer of the reflective display unit has to be set to be
smaller than that of the transmissive display unit. Specifi-
cally speaking, a thickness adjustment layer is arranged in
the reflective display unit and the thickness of liquid crystal
layer of the reflective display unit is reduced by an amount
corresponding to a thickness of thickness adjustment layer.
The thickness adjustment layer has to be arranged so as to
correspond to the reflective display unit.

[0021] In the invention, although the inner retardation
layer is used, it is also arranged so as to correspond to the
reflective display unit. A difference between the retardation
necessary for the reflective display unit and the transmissive
display unit is equal to the quarter wave and the retardation
necessary for the inner retardation layer is equal to the half
wave.

[0022] Therefore, if a bireflingence of the inner retardation
layer 1s equal to or more than two times of that of the liquid
crystal layer, a thickness of inner retardation layer is smaller
than a difference between the liquid crystal layer thicknesses
necessary for the reflective display unit and the transmissive
display unit. In such a case, it is preferable that the inner
retardation layer and the thickness adjustment layer are
laminated and patterned so as to correspond to the reflective
display unit, and a total of the layer thicknesses of both of
them is set to the liquid crystal layer thickness difference
necessary for the reflective display unit and the transmissive
display unit.
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[0023] If the bireflingence of the inner retardation layer is
equal to two times of that of the liquid crystal layer, the
thickness of inner retardation layer is equal to the liquid
crystal layer thickness difference necessary for the reflective
display unit and the transmissive display unit. In this case,
since the thickness adjustment layer is unnecessary, the
manufacturing steps can be simplified.

[0024] According to the invention, an all-environment
type liquid crystal display with a wide viewing angle can be
realized. That is, an all-environment type display which can
display in various environments ranging from the outdoors
in the fine weather to the darkroom is realized and, in the
transmissive display, the display of a wide viewing angle
similar to that of a monitor is obtained.

[0025] The display with high picture quality similar to that
of the monitor can be carried. If it is used as a display of a
cellular phone, image information of high picture quality
can be reconstructed and the more advanced image infor-
mation can be handled. Further, if it is used for a digital
camera, an image before photographing and the photo-
graphed image can be easily confirmed. It is also presumed
that a receiving state of a portable television will be remark-
ably improved in future in association with the spread of
terrestrial digital broadcasting. If it is used for a portable
television, the image information of high picture quality can
be reproduced in any place.

[0026] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a diagram showing various lines and
electrode distribution in one pixel on a second substrate of
a liquid crystal display according to the embodiment 1;

[0028] FIG. 2 is a diagram showing a cross section of one
pixel of the liquid crystal display of the embodiment 1;

[0029] FIG. 3 is a diagram showing a layout of axes in a
transmissive display unit of the liquid crystal display of the
embodiment 1;

[0030] FIG. 4 is a diagram showing a layout of axes in a
reflective display unit of the liquid crystal display of the
embodiment 1;

[0031] FIG. 5 is a display diagram of a Poincare’ sphere
showing a polarization converting function of retardation
films and a liquid crystal layer in the reflective display unit;

[0032] FIG. 6 is a display diagram of the Poincare’ sphere
showing the polarization converting function of retardation
films and a liquid crystal layer in the reflective display unit
of the light on a short wavelength side among visible
wavelengths;

[0033] FIG. 7 is a display diagram of the Poincare’ sphere
showing the polarization converting function of retardation
films and a liquid crystal layer in the reflective display unit
of the light on a long wavelength side among visible
wavelengths;

[0034] FIGS. 8A to 8D are diagrams when FIGS. 5 and
9 are seen from the S3-axis direction;
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[0035] FIG.9 is a display diagram of the Poincare” sphere
showing the polarization converting function of retardation
films and a liquid crystal layer in the reflective display unit;

[0036] FIG. 10 is a graph showing viewing angle perfor-
mance of a dark display transmissive ratio of the liquid
crystal display of the embodiment 1;

[0037] FIG. 11 is a graph showing liquid crystal layer
thickness dependency of the dark display transmissive ratio
of the liquid crystal display of the embodiment 1;

[0038] FIG. 12 is a diagram showing a cross section of
one pixel of a liquid crystal display of the embodiment 2;

[0039] FIG. 13 is a diagram showing various lines and
electrode distribution in one pixel on a second substrate of
a liquid crystal display according to the embodiment 3;

[0040] FIG. 14 is a diagram showing a layout of axes in
a reflective display unit of the liquid crystal display of the
embodiment 3;

[0041] FIG. 15 is a diagram showing a layout of axes in
a transmissive display unit of the liquid crystal display of the
embodiment 3;

[0042] FIG. 16 is a diagram showing various lines and
electrode distribution in one pixel on a second substrate of
a liquid crystal display according to the embodiment 4;

[0043] FIG. 17 is a diagram showing various lines and
electrode distribution in one pixel on a second substrate of
a liquid crystal display according to the embodiment 5;

[0044] FIG. 18 is a diagram showing a layout of axes in
a reflective display unit of the liquid crystal display of the
embodiment 5;

[0045] FIG. 19 is a diagram showing a layout of axes in
a transmissive display unit of the liquid crystal display of the
embodiment 5;

[0046] FIG. 20 is a diagram showing various lines and
electrode distribution in one pixel on a second substrate of
a liquid crystal display according to the embodiment 6;

[0047] FIG. 21 is a diagram showing a layout of axes in
a reflective display unit of the liquid crystal display of the
embodiment 6;

[0048] FIG. 22 is a diagram showing a layout of axes in
a transmissive display unit of the liquid crystal display of the
embodiment 6;

[0049] FIG. 23 is a diagram showing a cross section of
one pixel of a liquid crystal display of the embodiment 7;

[0050] FIG. 24 is a graph showing viewing angle perfor-
mance of a dark display transmissive ratio of the transmis-
sive IPS liquid crystal display;

[0051] FIG. 25 is a diagram showing a cross section of
one pixel of a conventional liquid crystal display;

[0052] FIG. 26 is a graph showing viewing angle perfor-
mance of a dark display transmissive ratio of the conven-
tional liquid crystal display; and

[0053] FIG. 27 is a graph showing liquid crystal layer
thickness dependency of the dark display transmissive ratio
of the conventional liquid crystal display.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0054] Embodiments of the invention will be described
hereinbelow with reference to the drawings.

Embodiment 1

[0055] A cross sectional view of one pixel constructing a
liquid crystal display according to the invention is shown in
FIG. 2. A top view when a second substrate 32 is observed
from the normal direction is shown in FIG. 1. A cross
sectional view taken along an alternate long and short dash
line 1-2 shown in FIG. 1 is also FIG. 2. The liquid crystal
display of the invention is constructed mainly by a first
substrate 31, a liquid crystal layer 10, and the second
substrate 32. The liquid crystal layer 10 is sandwiched
between the first substrate 31 and the second substrate 32.
On the side near the liquid crystal layer 10, the first substrate
31 has a color filter 36, a leveling layer 37, a third alignment
layer 35, an inner retardation layer 38, and a first alignment
layer 33.

[0056] On the side near the liquid crystal layer 10, the
second substrate 32 has a thin film transistor. The thin film
transistor is connected to a scanning line 21, a signal line 22,
and a pixel electrode 28. Besides them, the second substrate
32 has a common line 23 and a common electrode 29. The
thin film transistor has an anti stagger structure and its
channel portion is made of an amorphous silicon layer 25.
The scanning line 21 and the signal line 22 cross each other
and the thin film transistor is located approximately in such
a crossing portion.

[0057] The common line 23 is distributed in parallel with
the scanning line 21 and connected through a second
through hole 27. The pixel electrode 28 and the thin film
transistor are coupled via a first through hole 26. A second
alignment layer 34 is formed on the pixel electrode 28 and
arranged in close vicinity to the liquid crystal layer 10,
thereby specifying its alignment direction.

[0058] The first substrate 31 is made of borosilicate glass
hardly containing ionizable impurities and has a thickness of
0.5 mm. The color filter 36 is constructed by repetitively
arranging red, green, and blue portions in a stripe shape and
each stripe is parallel with the signal line 22. A rough surface
caused by the color filter 36 is flattened by the leveling layer
37 made of a resin. The first alignment layer 33 is a
polyimide organic layer and is aligned by a rubbing method,
thereby aligning the close liquid crystal layer 10 in the
alignment processing direction.

[0059] The second substrate 32 is made of borosilicate
glass and has a thickness of 0.5 mm in a manner similar to
the first substrate 31. The second alignment layer 34 is a
polyimide organic layer having horizontal alignment perfor-
mance in a manner similar to the first alignment layer 33.
Each of the signal line 22, the scanning line 21, and the
common line 23 is made of chromium. The pixel electrode
28 is transparent electrodes made of indium tin oxide (ITO).
A part of the common electrode 29 is also made of ITO.

[0060] The pixel electrode 28 has slits 30 which are
parallel with the scanning line 21 and a pitch of the slits 30
is equal to about 4 um. The pixel electrode 28 and the
common electrode 29 are partitioned by a third insulation
layer 53 having a thickness of 0.5 um. Although an electric
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field is formed between the pixel electrode 28 and the
common electrode 29 when a voltage is applied, the electric
field is distorted in an arch shape by an influence of the third
insulation layer 53 and passes in the liquid crystal layer 10.
Thus, an alignment change occurs in the liquid crystal layer
10 when the voltage is applied.

[0061] In the portion where the common line 23 crosses
the pixel electrode 28, the common line 23 has a structure in
which it is protruded into the pixel electrode 28 and reflects
light as shown as reflective light 62 in FIG. 2. In FIGS. 1
and 2, the portion where the common line 23 is overlapped
with the pixel electrode 28 corresponds to the reflective
display unit and other overlapped portion of the pixel
electrode 28 and the common electrode 29 becomes a
transmissive display unit which passes the light of the
backlight as shown by transmissive light 61 in FIG. 2. Since
optimum liquid crystal layer thicknesses in the reflective
display unit and the transmissive display unit are different,
a step is formed at a boundary between them. To shorten the
boundary between the transmissive display unit and the
reflective display unit, the transmissive display unit and the
reflective display unit are arranged so that the boundary is
parallel with a short side of the pixel.

[0062] In this embodiment, the transmissive display por-
tion is a portion that becomes transparent when the first
substrate 31 is combined with the second substrate 32 so that
the portion may pass the backlight and causes the liquid
crystal layer 10 to be operated by the electric field applied
thereon. Further, the reflective display portion is a portion
that becomes opaque when the first substrate 31 is combined
with the second substrate 32 so that the portion may cut off
the backlight, includes a metallic layer with a high reflec-
tance so that the metallic layer may reflect ambient light, and
causes the liquid crystal layer 10 to be operated by the
electric field applied thereon.

[0063] If the lines such as a common line 23 and the like
are used in common for the reflection layer, the effect of
reducing the manufacturing steps is obtained. If the common
line 23 is made of aluminum with high reflective ratio, the
brighter reflection display is obtained. A similar effect can be
obtained even if the common line 23 is made of chromium
and the reflection layer made of aluminum or silver alloy is
separately formed.

[0064] The liquid crystal layer 10 is a liquid crystal
composition showing positive dielectric constant anisotropy
in which a dielectric constant in the alignment direction is
larger than that in its normal direction. Its bireflingence is
equal to 0.067 at 25° C. and the liquid crystal layer 10
exhibits a nematic phase in a temperature range including a
room temperature region. For a holding period of time when
the display is driven at a frequency of 60 Hz by using the
thin film transistor, a high resistance value in which the
sufficient reflective ratio and transmissive ratio are held and
no flickers are caused is shown.

[0065] The inner retardation layer 38 is formed on the first
substrate 31 where the color filter 36 and the leveling layer
37 have been formed. Its forming method is as follows.

[0066] The third alignment layer 35 having the horizontal
alignment performance is coated onto the leveling layer 37,
baked, and subjected to an alignment process by the rubbing
method. The third alignment layer 35 has a function of
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determining a slow axis direction of the inner retardation
layer 38. An organic solvent containing a liquid crystal
having a photoreactive acryl group at a molecule end and an
initiator is coated onto the third alignment layer 35 and
heated, thereby removing the organic solvent. At this point
of time, the photoreactive liquid crystal is aligned in the
alignment processing direction of the third alignment layer
35. Subsequently, by irradiating ultraviolet rays, the acryl
group is photopolymerized and a film is formed, thereby
obtaining the inner retardation layer 38. The film thickness
is adjusted by properly controlling a solution concentration
and coating conditions upon coating, thereby setting the
retardation of the inner retardation layer 38 to the half wave
at a wavelength of 550 nm.

[0067] Since the inner retardation layer 38 is made of a
liquid crystal polymer, its alignment performance of the
molecules is higher than that of the retardation films formed
by drawing an organic polymer film and the layer 38 has the
alignment performance similar to that of the liquid crystal
layer 10. Therefore, An of the inner retardation layer 38 is
fairly larger than that of the externally attached retardation
films and can be set to a value which is almost equal to or
larger than that of the liquid crystal layer 10 by properly
adjusting the molecular structure and film forming condi-
tions. Although a thickness of externally attached retardation
films is equal to tens of um and is about ten times as that of
the liquid crystal layer, the thickness of inner retardation
layer 38 can be fairly reduced by using the liquid crystal
polymer and be set to be thinner than the step between the
reflective display unit and the transmissive display unit.
Thus, even if the inner retardation layer 38 is patterned in
accordance with the reflective display unit, the special
leveling is unnecessary.

[0068] Subsequently, the inner retardation layer 38 is
patterned so as to have distribution similar to that of the
reflective display unit. A resist is coated onto the inner
retardation layer 38 and patterned so as to have the distri-
bution similar to that of the reflective display unit. After that,
it is ashed with an oxygen plasma, thereby removing the
inner retardation layer in the portion where the resist is not
distributed.

[0069] A shift may take place when the first substrate 31
is combined with the second substrate 32. At a time, when
viewing the combination of the first substrate 31 and the
second substrate 32 from the normal direction of the sub-
strate, built-in phase plates 38 may be distributed in the
transparent portion of the second substrate. In this portion,
when no voltage is applied, the built-in phase plates 38 serve
to change the polarized state of the transmitted light and
thereby generate the components to be transmitted through
the first polarizer 41. As a result, the backlight is passed
therethrough, so that the transmittance may not be suffi-
ciently reduced on the dark image and the contrast ratio of
the transmissive display may be lowered.

[0070] Also, an area where no built-in phase plate 38 is
distributed may occur on the reflective electrode. In this
portion, when no voltage is applied, since the light reaching
the reflective plate is not made to be circularly polarized
light, when the light is reflected on the reflective plate and
again reaches the first polarizer 41, the components that are
allowed to pass through the first polarizer 41 are generated.
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As a result, the reflectance on the dark image is not suffi-
ciently reduced and the contrast ratio in the reflective display
is made lower.

[0071] In order to prevent the contrast ratio of the trans-
missive display from being lowered in the case that the shift
takes place when the first substrate 31 is combined with the
second substrate 32, the distribution of the built-in phase
plates 38 is formed to be smaller than the reflective display
portion as keeping the correspondence between the distri-
bution and the reflective display portion. For example, in a
case that it is presumed that the shift occurring in combining
the first substrate 31 with the second substrate 32 is made to
be 2 um at maximum, the distribution of the built-in phase
plates 38 is formed to be smaller by 2 um than the reflective
display portion. Even if the shift of the first substrate 31 to
the second substrate 32 becomes the maximum, this forma-
tion makes it possible to prevent the built-in phase plates 38
from being distributed in the transparent portion of the
second substrate and the contrast ratio in the transmissive
display from being lowered.

[0072] Ifthe built-in phase plates 38 are not distributed in
the transmissive display portion, the contrast ratio of the
transmissive display is not made lower. For that purpose, it
is possible to distribute the built-in phase plates 38 in the
overall portion that becomes opaque when the first substrate
31 is combined with the second substrate 32. Or, it is
possible to distribute the built-in phase plates 38 in the part
of the opaque portion that is not in the reflective display
portion as distributing them in the reflective display portion.
This makes it possible to simplify the distribution form of
the built-in phase plates 38, for example, make the form
stripped. By simplifying the distribution form of the built-in
phase plates 38, the patterning accuracy may be improved.
The improvement of the patterning accuracy leads to pre-
venting distribution of the built-in phase plates 38 in the
transmissive display portion.

[0073] At this time, if a layer whose An is larger than two
times of that of the liquid crystal layer is used as an inner
retardation layer 38, the thickness when the retardation of
the inner retardation layer 38 is set to the half wave is
insufficient. If the inner retardation layer 38 only is used, a
difference of the retardation between the reflective display
unit and the transmissive display unit is smaller than the
quarter wave. By leaving the resist without completely
removing it from the upper surface of the inner retardation
layer 38, the thickness of the inner retardation layer 38 is set
to a value enough to form the retardation difference of the
quarter wave between the liquid crystal layer in the reflec-
tive display unit and that in the transmissive display unit.

[0074] As the slit 30 is made narrower, the vertical com-
ponents of the electric field are increased accordingly. In
such a case, when a voltage is applied, the tilt angle in the
alignment direction of the liquid crystal is made large
enough not to be negligible. The retardation of the liquid
crystal layer in the transmissive display portion is made far
smaller than a half wave and the transmittance in the bright
image is also reduced. In such a case, for preventing
reduction of the transmittance on the bright image, the
retardation of the liquid crystal layer in the transmissive
display portion is required to be more than a half wave. For
example, it is preferable to enhance the retardation up to
about a three-quarters wave. Further, it is preferable to set
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the difference of retardation between the liquid crystal layer
of the transmissive display portion and that of the reflective
display portion to be more than a quarter wave. In order to
make the retardation of the built-in phase plates 38 a half
wave and then make the difference of the retardation
between the liquid crystal layer of the transmissive display
portion and the liquid crystal layer of the reflective display
portion larger than a quarter wave, it is effective to form the
difference of the retardation by any other portion except the
built-in phase plates 38.

[0075] After the first alignment layer 33 and the second
alignment layer 34 are rubbing-processed so as to be
inclined by 15° from the signal line 22, the first substrate 31
and the second substrate 32 are assembled, and a liquid
crystal material is sealed, thereby forming the liquid crystal
layer 10. A first polarization film 41 and a second polariza-
tion film 42 are arranged outside of the first substrate 31 and
the second substrate 32. The first polarization film 41 and the
second polarization film 42 are arranged so that a transmis-
sive axis of the film 41 perpendicularly crosses the liquid
crystal alignment direction and a transmissive axis of the
film 42 is parallel with the liquid crystal alignment direction.

[0076] An adhesive layer 43 having light diffusion per-
formance in which a number of transparent micro spheres
are mixed and whose refractive index differs from that of an
adhesive material is used as an adhesive layer of the first
polarization film 41. The first polarization film 41 has a
function of enlarging an optical path of the incident light by
using an effect of refraction which is caused since the
refractive indices of both of them are different at an interface
between the adhesive material and the micro spheres. Thus,
the reflected light can be obtained irrespective of the inci-
dent direction of external light. In addition to it, iridescent
coloring which is caused by interference of the reflected
light in the pixel electrode 28 and the common electrode 29
can be reduced.

[0077] When attention is paid to the transmissive display
unit of the transflective liquid crystal display of the embodi-
ment manufactured as mentioned above, it is constructed by
the liquid crystal layer 10 of homogeneous alignment, the
first polarization film 41, and the second polarization film
42. When the liquid crystal alignment direction is observed
from the substrate normal direction, it is as shown in FIG.
3. This diagram is a plan view of the transmissive display
unit when seen from the normal direction on the side of the
first substrate 31 after the first substrate 31 and the second
substrate 32 are assembled. Reference numeral 101 denotes
an azimuth of the signal line 22 and it is drawn in parallel
with FIG. 1. A transmissive axis 104 of the first polarization
film 41 perpendicularly crosses a transmissive axis 106 of
the second polarization film 42. The transmissive axis 106 is
parallel with a liquid crystal alignment direction 102. Since
such a construction is similar to that of the transmissive IPS
system, with respect to the transmissive display, a wide
viewing angle which can also endure the application to the
monitor is obtained in a manner similar to the transmissive
IPS system.

[0078] Subsequently, when attention is paid to the reflec-
tive display unit, it is constructed by the liquid crystal layer
10 of homogeneous alignment, the inner retardation layer
38, and the first polarization film 41. FIG. 4 shows a
correlation among a slow axis of the inner retardation layer
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38, the liquid crystal alignment direction, and a transmissive
axis angle of the first polarization film. Referring to the
diagram, since the slits 30 of the pixel electrode 28 are
vertical to the signal line 22, the electric field direction is
parallel with the signal line direction 101. When the azimuth
is defined counterclockwise, the liquid crystal alignment
direction 102 is inclined by -75° from the electric field
direction. Thus, an effect in which the alignment change
upon applying the voltage is stabilized and a threshold
voltage at which the alignment change occurs is reduced is
obtained. A slow axis direction 103 of the inner retardation
layer 38 is inclined by 67.5° from the liquid crystal align-
ment direction 102 and the transmissive axis 104 of the first
polarization film is inclined by 90° from the liquid crystal
alignment direction 102.

[0079] In addition, since the retardation of the liquid
crystal layer 10 of the reflective display unit is set to a
quarter wave and that of the inner retardation layer 38 is set
to the half wave, respectively, in the reflective display unit,
the laminate of the liquid crystal layer 10, the inner retar-
dation layer 38, and the first polarization film 41 becomes a
circular polarization layer of a wide band. When the voltage
is not applied, the incident light becomes circularly polar-
ized light or enters a polarizing state similar to it and enters
the reflection layer in almost the whole region of a visible
wavelength. After the reflection, when the light enters and
the first polarization film again, their electric vectors become
linearly polarized light which is parallel with an absorption
axis of the first polarization film, so that the achromatic dark
display is obtained.

[0080] The expression (1) to decide the slow axis azimuth
of the inner retardation layer 38, the retardation of the inner
retardation layer 38, and the retardation of the liquid crystal
layer 10 are derived as follows by using a Poincare’ sphere
display. The Poincare’ sphere display is defined in the space
in which stokes parameters (S1, S2, S3) describing the
polarizing state are set to three axes. Each point on the
Poincare’ sphere corresponds to the polarizing state in a
one-to-one relational manner. For example, an intersection
line (equator) with an (S1, S2) plane on the Poincare’ sphere
corresponds to the linearly polarized light. Crossing points
(North Pole and South Pole) with the S3-axis correspond to
the circularly polarized light. Others correspond to the
elliptically polarized light. (S1, S2, S3) are expressed by the
following expressions (2), (3), and (4) by using an arbitrary
X-axial component Ex and an arbitrary Y-axial component
Ey of an electric vector and a phase difference d between Ex
and By, respectively.

S1=(Ex-EV)EX+Ey) @
S2=2ExEy cos d/(Ex>+E?) (3)
$3=2ExEp sin 8/(Ex’+)°) “
[0081] A conversion of the polarizing state by the retar-

dation film or the liquid crystal layer 10 without a twist is
expressed as a rotation around a line which is included in the
(81, S2) plane on the Poincare’ sphere and passes through
the center of the Poincare’ sphere. A rotational angle at this
time is equal to % rotation if the retardation of the retardation
film is equal to the half wave and to % rotation if it is equal
to the quarter wave.

[0082] Attention is paid to a step in which the incident
light of a representative wavelength in the visible light
region, for example, a wavelength of 550 nm at which



US 2006/0192912 Al

human luminosity is the highest sequentially passes through
the first polarization film 41, the inner retardation layer 38,
and the liquid crystal layer 10 of the reflective display unit
and reaches the pixel electrode 28 or the common electrode
29.

[0083] Assuming that the Poincare” sphere is regarded as
a globe, the crossing points with the S3-axis are called North
Pole and South Pole, and the intersection line with the (S1,
S2) plane is called an equator, as shown in FIG. 5, incident
light L1 converted into linearly polarized light by the first
polarization film 41 is located on the equator on the
Poincare’ sphere. However, it is rotated by ¥ rotation around
a rotation axis, as a rotational center, whose azimuth is equal
to 055 by the inner retardation layer 38, moved to another
point L.2 on the equator, and converted into linearly polar-
ized light having a different electric vector. Subsequently,
the light is rotated by Y% rotation around a rotation axis, as
a rotational center, whose azimuth is equal to 0' . by the
liquid crystal layer 10, moved to North Pole NP, and
converted into circularly polarized light.

[0084] Subsequently, when attention is paid to the incident
light of another wavelength, the retardation has wavelength
dependency. In both the retardation film and the liquid
crystal layer, the shorter the wavelength is, the larger the
retardation is, and the longer the wavelength is, the smaller
the retardation is. Therefore, the rotational angle differs
depending on the wavelength. In the rotation by the inner
retardation layer 38, the light of a wavelength other than 550
nm is not rotated by % rotation but moved to a point out of
the equator. Since the retardation of the blue light on the
short wavelength side is larger than the half wave, as shown
in FIG. 6, the blue light is rotated by an angle larger than %2
rotation and moved to a position out of the equator. The
retardation of the red light on the long wavelength side is
smaller than the half wave, as shown in FIG. 7, the red light
is rotated by an angle smaller than ¥ rotation and moved to
a position out of the equator.

[0085] However, in the rotation by the liquid crystal layer
10 which acts subsequently, since the moving direction
becomes almost the opposite direction, a difference between
the rotational angles due to the wavelength which is caused
in the inner retardation layer 38 is compensated. That is,
although the blue light on the short wavelength side is
rotated by the angle larger than % rotation even in the liquid
crystal layer 10 as shown in FIG. 6, since its movement is
started from the Southern Hemisphere, the light reaches a
position just on the North Pole. As shown in FIG. 7,
although the red light on the long wavelength side is rotated
by the angle smaller than ¥ rotation even in the liquid crystal
layer 10, since its movement is started from the Northern
Hemisphere, the light reaches a position just on the North
Pole by rotating the light by the angle smaller than %
rotation. Thus, the light of each wavelength is concentrated
on a position near the North Pole and becomes almost the
same circularly polarized light. When observing it as a
display state of the liquid crystal, the achromatic dark
display whose reflective ratio is reduced in a wide region of
the visible wavelength is obtained.

[0086] From FIG. 5, since the function of the inner
retardation layer 38 on the Poincare’ sphere is equal to
rotation and that of the liquid crystal layer 10 on the
Poincare’ sphere is equal to % rotation, respectively, the
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retardation of the inner retardation layer 38 at this time is
obtained as a half wave and that of the liquid crystal layer
10 is obtained as a quarter wave, respectively. FIG. 8A
obtained by seeing FIG. 5 from the S3-axis direction is used
to clarify the relation between 8'5; and 6",  In FIG. 8§A, an
auxiliary line (alternate long and short dash line) drawn so
as to extend the % rotating direction is newly added. Since
the auxiliary line is a prolonged line in the % rotating
direction, it perpendicularly crosses the liquid crystal align-
ment direction (azimuth 0'; ) indicative of the center of the
rotation. The slow axis direction (azimuth 0';;) of the irner
retardation layer indicative of the center of the % rotation
divides an angle between the S1-axis and the auxiliary line
into two equal angles. The angle obtained by dividing the
angle between the S1-axis and the auxiliary line into the two
equal angles is equal to 0'5;—180°. Since 0'; -~180° is equal
to (0'.y—-180°)x2+90°, the following expression (5) is
obtained.

20'p=90"+0'" ¢ (5)

[0087] Although the incident light of each wavelength is
concentrated on the North Pole NP on the Poincare’ sphere
in FIG. 8A, a similar effect can be obtained even if they are
concentrated on South Pole SP on the Poincare’ sphere as
shown in FIG. 9. The Poincare’ sphere when seen from the
S3-axis direction is shown in FIG. 8B. In this case, the
relation between 0'y;; and 0'; - 1s expressed by the following
expression (6).

26%5=-90°+6; - (6)

[0088] Further, as another method of concentrating the
incident light of each wavelength on the North Pole NP or
the South Pole SP, there is a method shown in FIG. 8C or
8D. In FIGS. 8C and 8D, the relation between 0';;; and 0';
is expressed by the expressions (5) and (6), respectively.
That 15, in FIG. 8C, since 360°-0'; . is equal to (360°-
0'p)%2+90°, 28'5;=360°+90°+8'"; - and it is expressed by
the expression (5). In FIG. 8D, since 180°-8'; . is equal to
(180°-0'p1)x2+90°,  20'p;=360°-90°+0", » and it is
expressed by the expression (6).

[0089] The rotation axis on the Poincare’ sphere corre-
sponds to the azimuths 0,;; and 0; . of the slow axis and the
azimuths of the rotation axis are two times (0'p=20p,
0" =20, ) of the azimuths of the slow axis in a real space.
By substituting them into the expressions (5) and (6), the
expression (1) showing the relation between the slow axis
azimuths of the inner retardation layer and the liquid crystal
layer is obtained.

[0090] According to the invention, to equalize the viewing
angle performance of the transmissive display to that of the
tansmissive IPS, the layout of the polarization films in the
transmissive display unit is set to be similar to that of the
tansmissive IPS system. For this purpose, 0;.,=90°. By
substituting it into the expression (1) and selecting a minus
sign, 0p;;=22.5° and the slow axis azimuth of the inner
retardation layer is obtained.

[0091] The transflective liquid crystal display manufac-
tured as mentioned above is connected to a driving appara-
tus, a backlight is arranged on the rear side of display, and
the display state is observed. When observing the display
state in the light place in the state where the backlight has
been lit off, a display image according to the reflective
display can be confirmed. Subsequently, when observing the



US 2006/0192912 Al

display state in the dark place in the state where the
backlight has been lit on, a display image according to the
transmissive display can be confirmed. Even if the observing
direction from the normal of the substrate is changed in a
wide range, gradation inversion does not occur and a reduc-
tion in contrast ratio is small.

[Comparison 1]

[0092] The viewing angle performance of the transmissive
ratio in the dark display is evaluated. FIG. 10 shows polar
angle dependency of the dark display transmissive ratio.
Values measured at different azimuths are also shown. The
dark display transmissive ratio decreases sufficiently at any
azimuth. For comparison, polar angle dependency of the
dark display transmissive ratio of the transmissive IPS is
shown in FIG. 24. As will be obviously understood by
comparing FIGS. 10 and 24, according to the transflective
liquid crystal display of the embodiment, transmissive dis-
play performance similar to that of the transmissive IPS is
obtained.

[Comparison 2]

[0093] The conventional transflective liquid crystal dis-
play in which the retardation films are arranged on the whole
outside surfaces of the first and second substrates without
using the inner retardation layer is manufactured. Its cross
section is shown in FIG. 25. A step forming layer 47 having
the same thickness as that of the inner retardation layer and
having no retardation is arranged in place of the inner
retardation layer. A first outside retardation film 44 of the
same retardation and slow axis direction as those of the inner
retardation layer is arranged between the first substrate 31
and the first polarization film 41. A second outside retarda-
tion film 45 and a third outside retardation film 46 are
arranged between the second substrate 32 and the second
polarization film 42 in order near the second substrate 32.

[0094] A retardation of the second outside retardation film
45 is equal to that of the liquid crystal layer and its slow axis
direction perpendicularly crosses the alignment direction of
the liquid crystal layer 10. A retardation of the third outside
retardation film 46 is equal to that of the first outside
retardation film 44 and its slow axis direction perpendicu-
larly crosses the first outside retardation film 44.

[0095] As each of the first outside retardation film 44, the
second outside retardation film 45, and the third outside
retardation film 46, a film made of a cycloolefin organic
polymer in which the wavelength dependency of the retar-
dation is relatively small is used. A construction of the
reflective display unit is similar to that of the transflective
liquid crystal display of the invention except for a point that
the first outside retardation film 44 is used in place of the
inner retardation layer.

[0096] A construction of the transmissive display unit
extremely differs from that of the transflective liquid crystal
display of the invention. This is because the first outside
retardation film 44 is also distributed to the transmissive
display unit. Thus, in the normal direction, the third outside
retardation film 46 which compensates the phase difference
of the first outside retardation film 44 is necessary. Further,
the second outside retardation film 45 which compensates
the phase difference of the liquid crystal layer 10 is neces-

sary.
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[0097] Results of evaluation of the viewing angle perfor-
mance of the dark display transmissive ratio of the conven-
tional transflective liquid crystal display are shown in FIG.
26. FIG. 26 shows that the dark display transmissive ratio
rapidly increases with an increase in polar angle in depen-
dence on the azimuth and the contrast ratio decreases in
dependence on the oblique direction. As will be obviously
understood in comparison with FIG. 10 that the viewing
angle performance is extremely inferior to that of the
transflective liquid crystal display of the invention. This is
because the first outside retardation film 44, the second
outside retardation film 45, and the third outside retardation
film 46 are arranged in the transmissive display unit, and
even if the azimuths of the slow axis and the retardation are
determined so as to compensate the phase difference of those
laminates in the normal direction, the phase difference is not
compensated in dependence on the oblique direction.

[0098] By forming the retardation films only in the portion
corresponding to the reflective display unit and allowing the
retardation films to be included in the liquid crystal cell as
mentioned above, both the reflective display in the light
place and the transmissive display of the wide viewing angle
similar to that of the transmissive liquid crystal display can
be realized.

[Comparison 3]

[0099] Attention is paid to the liquid crystal layer thick-
ness dependency of the dark display transmissive ratio and
the liquid crystal display of the invention is compared with
the conventional transflective liquid crystal display in which
the retardation films are arranged on the whole outside
surfaces of the first and second substrates. In the case of the
conventional transflective liquid crystal display, since the
light entering the liquid crystal layer is the elliptically
polarized light, the phase difference is applied by the liquid
crystal layer and, if the phase difference changes in asso-
ciation with a fluctuation in liquid crystal layer thickness, the
dark display transmissive ratio fluctuates largely.

[0100] The liquid crystal layer thickness dependency of
the dark display transmissive ratio is shown in FIG. 27. In
the conventional transflective liquid crystal display, if the
liquid crystal layer thickness is deviated from a design value,
the dark display transmissive ratio easily increases and the
contrast ratio decreases. For example, there is a case where
the liquid crystal layer thickness fluctuates in the display
screen. In such a case, the contrast ratio is not constant in the
display screen but is observed as a variation in dark display
and an unwell feeling is applied to the user.

[0101] On the other hand, in the case of the invention, in
the transmissive display unit, since the light entering the
liquid crystal layer is the linearly polarized light and its
electric vector is parallel with the alignment direction of the
liquid crystal layer. Since only either the normal light beam
or the abnormal light beam occurs in the liquid crystal layer,
the phase difference cannot be applied by the liquid crystal
layer. Therefore, as shown in FIG. 11, even if the liquid
crystal layer thickness fluctuates, the dark display transmis-
sive ratio hardly fluctuates. There is such a feature that the
contrast ratio is difficult to decrease and even if the liquid
crystal layer thickness fluctuates in the display screen, a
variation in dark display is difficult to occur. As mentioned
above, according to the liquid crystal display of the inven-
tion, in addition to the transmissive display of the wide
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viewing angle, the uniform display without a variation in
dark display can be obtained.

[Comparison 4]

[0102] Inthe case of applying the liquid crystal display to
a cellular phone or the like, a thin size and a light weight are
required. Attention is paid to the thickness of liquid crystal
panel and the liquid crystal display of the invention is
compared with the conventional transflective liquid crystal
display in which the retardation films are arranged on the
whole outside surfaces of the first and second substrates. The
liquid crystal panel indicates a portion sandwiched between
the first polarization film and the second polarization film.

[0103] A thickness of each of the first and second sub-
strates is equal to 0.5 mm, a thickness of each of the first and
second polarization films is equal to 0.12 mm, and a thick-
ness of each of the first, second, and third retardation films
is equal to 0.05 mm. The thickness of liquid crystal panel is
substantially determined by those component elements.
Since a thickness of each of the color filter, inner retardation
layer, and the like formed on the first substrate and a
thickness of each of the thin film transistors, various lines,
insulation films, and the like formed on the second substrate
are equal to a few pum, they hardly exert an influence on the
thickness of liquid crystal panel.

[0104] Since the conventional transflective liquid crystal
display has the first, second, and third retardation films in
addition to the first and second substrates and the first and
second polarization films, the thickness of liquid crystal
panel is equal to 1.39 mm. On the other hand, since it does
not have the first, second, and third retardation films, the
liquid crystal display of the invention is characterized in that
the thickness of liquid crystal panel is equal to 1.24 mm and
thin.

Embodiment 2

[0105] A cross sectional view of the liquid crystal display
of the embodiment is shown in FIG. 12. In the embodiment,
in the construction of the liquid crystal display of the
embodiment 1, the inner retardation layer 38 is formed
between the third alignment layer 35 and the color filter 36.
Thus, the color filter 36, the leveling layer 37, and the first
alignment layer 33 exist between the inner retardation layer
38 and the liquid crystal layer 10. There is a case where the
non-reacted photoreactive liquid crystal and the initiator
remain in the inner retardation layer 38. If they are mixed
into the liquid crystal layer 10, there is a case where
performance such as a holding ratio or the like deteriorates.
If a number of films exist between the inner retardation layer
38 and the liquid crystal layer 10 as in the embodiment, since
those films have a function of preventing the non-reactant
and the initiator from being mixed into the liquid crystal
layer 10, the performance deterioration can be prevented.

[0106] In this case, after the inner retardation layer 38 is
formed, the color filter 36 is manufactured. At this time,
although it is necessary to position the inner retardation
layer 38 and the color filter 36, since the inner retardation
layer 38 itself is transparent, it cannot be used as an index
for the positioning. If a positioning index is preliminarily
formed in an opaque layer before manufacturing the inner
retardation layer 38, and the inner retardation layer 38 and
the color filter 36 are patterned by using such an index as a
reference, the inner retardation layer 38 and the color filter
36 can be positioned.
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Embodiment 3

[0107] In the embodiment, the inclining direction of the
slits 30 of the pixel electrode 28 is set to two kinds. A plan
view of one pixel of the transflective liquid crystal display
of the embodiment is shown in FIG. 13. In the upper half
portion and the lower half portion of the pixel, the slits 30
are inclined by -75° and 75° from the signal line 22,
respectively. In association with it, as shown in FIGS. 14
and 15, the liquid crystal alignment direction 102, the slow
axis direction 103 of the inner retardation layer 38, the
transmissive axis 104 of the first polarization film 41, and
the transmissive axis 106 of the second polarization film 42
are changed.

[0108] The liquid crystal alignment direction 102 is set to
be perpendicular to the signal line direction 101. An angle
between the liquid crystal alignment direction 102 and the
electric field direction in the upper half portion of the pixel
and that in the lower half portion are set to the same angle
of 75°. The slow axis direction 103 of the inner retardation
layer, the transmissive axis 104 of the first polarization film,
and the transmissive axis 106 of the second polarization film
are set so as to be rotated by 15° clockwise with respect to
the disclosure of FIGS. 4 and 5 in such a manner that the
relative angle relation with respect to the liquid crystal
alignment direction 102 is equalized to that of the embodi-
ment 1.

[0109] The common line 23 is arranged so as to transverse
the pixel in the center portion. Thus, the portion where the
slits 30 are inclined by -75° from the signal line 22 and the
portion where they are inclined by 75° from the signal line
22 are distributed so as to have the same area in both the
reflective display unit and the transmissive display unit.

[0110] In the liquid crystal layer of the center portion of
the pixel electrode 28 where the inclining direction of the
slits 30 changes, even if the voltage is applied, the liquid
crystal alignment does not change. Since this center portion
always has the same liquid crystal alignment as that of the
dark display, it is observed as a dark line and the reflective
ratio or transmissive ratio of one pixel decreases. However,
since the slits 30 are arranged so that their inclining direction
changes with respect to the upper half portion and the lower
half portion of the pixel, the dark line portion is distributed
in the shorter side direction, thereby minimizing the
decrease in the reflective ratio or the transmissive ratio.

[0111] By setting the inclining direction of the slits to the
two kinds as mentioned above, the liquid crystal layer
alignment direction when the voltage is applied is set to the
two directions. In the whole one pixel, the azimuth depen-
dency of the viewing angle performance in the right half
portion and that in the left half portion are set off, so that an
effect of further improving the viewing angle performance
can be obtained.

Embodiment 4

[0112] In the embodiment, as shown in FIG. 16, each slit
30 is set into a V-character shape and the director distribu-
tion of the liquid crystal layer when the voltage is applied is
set to the two directions. The liquid crystal alignment
direction, the slow axis direction of the inner retardation
layer, and the transmissive axis of the first polarization film,
and the transmissive axis of the second polarization film are
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set to those similar to the embodiment 3. In this case, in a
manner similar to the embodiment 1, even if the scanning
line 21 and the signal line 22 are closely arranged, the
portion where the slits 30 are inclined by —75° from the
signal line 22 and the portion where they are inclined by 75°
from the signal line 22 can be distributed so as to have the
same area in both the reflective display unit and the trans-
missive display unit. Also in this case, the effect of improv-
ing the viewing angle performance can be obtained. How-
ever, since the dark line appears in parallel with the long side
of the pixel, it is relatively long and the decrease in the
reflective ratio or the transmissive ratio is relatively large.

[0113] The third alignment layer 35 has a function to
decide the slow axis azimuth of the inner retardation layer
38. In the invention, a light alignment layer to decide the
alignment direction by the light irradiation is used as a third
alignment layer 35. As a light alignment layer, there is a
layer using a photo dimerization reaction of a cinnamic acid
or coumarin or a layer using a photo cleavage reaction of a
polymer. The light alignment layer is not spread as com-
pared with the alignment layer according to the conventional
rubbing method. As one of the causes, a cause in which a tilt
angle which is applied to the liquid crystal layer is small and
the alignment change of the liquid crystal layer when the
voltage is applied is unstable can be mentioned. Since the
inner retardation layer does not need the tilt angle, funda-
mentally, any kind of light alignment layer can be applied to
the third alignment layer 35. In this case, the number of
times of the rubbing process which is executed to the first
substrate 31 can be set to one time.

Embodiment 5

[0114] A plan view of a liquid crystal display of the
embodiment is shown in FIG. 17. In the embodiment, both
the pixel electrode 28 and the common electrode 29 are set
into a comb-toothed shape and formed in the same layer.
Thus, when the voltage is applied, an arch-shaped electric
field is formed between the pixel electrode 28 and the
common electrode 29 and the liquid crystal layer is driven.

[0115] Since the comb-toothed structure of the pixel elec-
trode 28 and the common electrode 29 is parallel with the
signal line 22, the electric field direction is perpendicular to
the signal line 22. In association with it, as shown in FIGS.
18 and 19, the slow axis direction 103 of the inner retar-
dation layer 38, the transmissive axis direction 104 of the
first polarization film 41, and the transmissive axis direction
106 of the second polarization film 42 are changed.

[0116] FIGS. 18 and 19 show the reflective display unit
and transmissive display unit, respectively. The liquid crys-
tal alignment direction 102 is set to 15° from the azimuth
101 of the signal line 22 so as to be set to 75° from the
electric field direction. This setting corresponds to that the
layout is rotated counterclockwise by 90° from the layout of
the embodiment 1.

[0117] The slow axis direction 103 of the inner retardation
layer, the transmissive axis 104 of the first polarization film,
and the transmissive axis 106 of the second polarization film
are set s0 as to be rotated counterclockwise by 90° from
those shown in FIGS. 4 and 3 in such a manner that the
relative angle relation for the liquid crystal alignment direc-
tion 102 is substantially the same as that in the embodiment
1.
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[0118] Also in the case of the embodiment, both the
reflective display at a light place and the transmissive
display of the wide viewing angle similar to that of the
transmissive liquid crystal display can be realized. Since the
pixel electrode 28 and the common electrode 29 are formed
in the same layer, the manufacturing steps can be simplified.

Embodiment 6

[0119] A plan view of a liquid crystal display of the
embodiment is shown in FIG. 20. In the embodiment, the
pixel electrode 28 and the common electrode 29 are formed
in the same layer in a manner similar to the embodiment 5.
Further the comb-toothed structure is set into a V-character
shape. Thus, the direction of the electric field which is
formed between the pixel electrode 28 and the common
electrode 29 when the voltage is applied is set to two
directions. In association with it, as shown in FIGS. 21 and
22, the slow axis direction 103 of the inner retardation layer
38, the transmissive axis 104 of the first polarization film 41,
and the transmissive axis 106 of the second polarization film
42 are changed.

[0120] FIGS. 21 and 22 show the reflective display unit
and transmissive display unit, respectively. The liquid crys-
tal alignment direction 102 is set in parallel with the azimuth
101 of the signal line 22 so as to be set to 75° from the
electric field direction. This setting corresponds to that the
layout is rotated counterclockwise by 75° from the layout of
the embodiment 1. The slow axis direction 103 of the irner
retardation layer, the transmissive axis 104 of the first
polarization film, and the transmissive axis 106 of the
second polarization film are set so as to be rotated counter-
clockwise by 75° as compared with the layout shown in
FIGS. 4 and 3 in such a manner that the relative angle
relation for the liquid crystal alignment direction 102 is
substantially the same as that in the embodiment 1.

[0121] By setting the comb-toothed structure into the
V-character shape in the structure in which the pixel elec-
trode 28 and the common electrode 29 are formed in the
same layver and the manufacturing steps are simplified, the
liquid crystal layer alignment direction when the voltage is
applied is set to the two directions. In the whole one pixel,
the azimuth dependency of the viewing angle performance
in the right half portion and that in the left half portion are
set off, so that the effect of further improving the viewing
angle performance can be obtained.

Embodiment 7

[0122] A cross sectional view of a liquid crystal display of
the embodiment is shown in FIG. 23. In the embodiment,
the step forming layer 47 having the same thickness as that
of the inner retardation layer 38 and having no retardation is
arranged in place of the inner retardation layer 38 in the
construction of the embodiment 1. After the first substrate 31
and the second substrate 32 are combined and the liquid
crystal layer 10 is formed, the thicknesses of those substrates
are reduced to 30 um, respectively. Although a mechanical
polishing method has been used to reduce the thicknesses of
the first substrate 31 and the second substrate 32, for
example, another method of using corrosion by an acid such
as a hydrofluoric acid or the like can be used.

[0123] Subsequently, the inner retardation layer 38 is
formed at the position corresponding to the reflective display
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unit. After that, a first holding layer 54 is formed outside of
the first substrate 31 and a second holding layer 55 is formed
outside of the second substrate 32, respectively. Each of the
first holding layer 54 and the second holding layer 55 is
made of a transparent resin. Since their thicknesses are
reduced, the first and second holding layers have a function
of reinforcing the first substrate 31 and second substrate 32
in which a strength has been weakened.

[0124] In addition to such a function, the first holding
layer 54 has a function of flattening the rough surface caused
by the inner retardation layer 38. If isotropic media whose
retardation is equal to zero are used for the first holding layer
54 and the second holding layer 55, since no influence is
exercised on the polarizing state of the transmissive light,
the transmissive display of the wide viewing angle can be
obtained in a manner similar to the embodiment 1. Since the
first holding layer 54 and the second holding layer 55 are
made of the transparent resin and are lighter than the first
substrate 31 and second substrate 32 made of glass, an effect
of reducing a weight of the whole liquid crystal display can
be obtained.

[0125] Tt should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1-7. (canceled)
8. A liquid crystal display, comprising:

a first substrate;
a second substrate;

a liquid crystal layer arranged between said first and
second substrates;

thin-film transistors provided at intersecting portions of a
plurality of signal lines and a plurality of scanning
lines;
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a pixel electrode formed on the second substrate and
having a slit;

a common electrode arranged between the second sub-
strate and the pixel electrode and superposed with the
pixel electrode;

a first polarization film arranged on an opposite side of a
side where the liquid crystal layer of the first substrate
is arranged;

a second polarization film arranged on an opposite side of
a side where the liquid crystal layer of the second
substrate is arranged,

wherein the liquid crystal layer is driven by applying an
electric field to the pixel electrode and the common
electrode, the electric field being parallel to a surface of
the first substrate and a surface of the second substrate,

wherein a reflective display unit and a transmissive dis-
play unit are provided in a pixel as a region surrounded
by the signal line and the scanning line,

and wherein a retardation film is arranged between the
first polarization film and the liquid crystal layer and
arranged only on a position corresponding to the reflec-
tive display unit.
9. The liquid crystal display according to claim 1, wherein
a transmissive axis of the first polarization film is orthogonal
with that of the second polarization film, and either one of
the transmissive axes of the first and second polarization
films is parallel with a liquid crystal alignment direction.
10. The liquid crystal display according to claim 1,
wherein the liquid crystal layer has a homogeneous align-
ment, the transmissive axis of the first polarization film is
parallel to a liquid crystal alignment direction, and an angle
between a slow axis azimuth of the retardation film and the
transmissive axis of the first polarization film lies within a
range from 20° or more to 25° or less or a range from 60°
or more to 75° or less.
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