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A liquid crystal display apparatus includes a liquid crystal
cell, first and second phase plates and a first polarizing plate
stacked, in this order, on the outer surface of a first trans-
parent substrate, third and fourth phase plates and a second
polarizing plate stacked, in this order, on the outer surface of
a second transparent substrate. The optical characteristics of
the liquid crystal cell, the first to fourth phase plates, and the
first and second polarizing plates are set within a predeter-
mined range.

D rea=(+60°)+15°

o2

I U b= -15)30°



Patent Application Publication Aug. 31,2006 Sheet 1 of 9 US 2006/0192914 A1

A

\

Py

4

3
,/( v 1)
/]
45
e
e

’ ’” ’ ’” ’ , ’ ’ ’ ’ Pl ’ ’ ’
s ’ ’ ’ ’ ’ ’ ’ ’ ’ s ’, ’ ’, /
s 4 Vd / 4 rd / / 4 7/ rd 7/ rd 4

FIG. 1
2

—[\\\\\\\\\\L\\\\\\'\\\'\\\"\\\\\w\_\\L\\\\\\\\‘i

L S S S S AN N N N N S N SN S S S IS S SN Y OSSN S SINSNSSNSSISSSS

rd rd Ll rg r g ra 7 L ra rd cd 7 rd 7
7’ rd ’ 4 ’ s’ 4 7 ’ rd /’ ’ /
d ’ rd ’ I'd 7 / / 4 7 4 4 4 4
Z Z y A rd rd Z L L Z va Z Z Z 2

N

Mt
457
QO



Patent Application Publication Aug. 31,2006 Sheet 2 of 9 US 2006/0192914 A1

o~
<t
‘ ‘ S
(3] 0 N
NN
T < RN
Pt B, =
.t HH iy \ \
\:\ ) II l’l’ INA
N
i f | i A |
™ - i i
\/\ \‘\’ \\/ o A A
W N ! Inih i\ T
W NN L ~— <]
NN . I | N 4 N
N N /14
I N\ Illl A o
\: \d
= NN N || || A E\ © ™
RN | - N T~ O
N ’/ \ I !I % i N
NI /’ Il I' b 5'47\(\!
NN~ \ ||I|‘|| I o \/N
\::/\ |:|| I||I| I BN ng =
f h | | ~ ZE \f
N . \/ I | I l, ™ i y
T\ ‘ I ““ | -2 g A
W N II’ l'“ i 1~ Y 3
N AV | o I \,
RN VN S -8 Y
IN H
\/‘\ \:\ \/ |||||||"‘I 1/ :wj\g
o~ N NN < 14
N - N W] Il -
. e \/ ] | |'|l ‘ ]Ty /‘_
T | 1=
o o i ¢ Ny
T =~
%
Te)
-— e
Ir— ':: ‘_<-_>
4 ~—
sE__‘-N_
t__{/t
0Ny
4 7\8
=)
Ig\ '2 i
g f'/\m
A
© il ~
[5:\1-‘\ i
o))
nk
e
/
M
g

A



Patent Application Publication Aug. 31,2006 Sheet 3 of 9 US 2006/0192914 A1

FIG. 3

18 17a 1la 7
T Yy T1( [ TT ﬂ

LT

18\;@ il e A s
’ .
o t
13 17

10
19— B T~11a
8\_/—\

T~11a




US 2006/0192914 A1

Patent Application Publication Aug. 31,2006 Sheet 4 of 9

FIG. 4

11b

30

C--__//’23
/_'\_/118

lllllllll

~meem=p =

jme el
————

T v

H \
[P .

H '

H ‘

) R

'

N o p ]

' A

11a~\__,/”_—\

b+



Patent Application Publication Aug. 31,2006 Sheet 5 of 9 US 2006/0192914 A1

FIG. 5

sl l|lrRIlc||B[]|R [>T
4287 ~~—
G B R G B R
426G
21—
L e
G B R || G B R
42B— [ ~0]t-
G B R G B R




Patent Application Publication Aug. 31,2006 Sheet 6 of 9 US 2006/0192914 A1

FIG. 6 H1

Andrr1=250 TO 290nm Ppon=(P -757)£30°

bre1=(-60")115°

Andrr2=80 TO 140nm

And;1=225 TO 290nm
Andr=115 TO 145nm

.
Pig ~.
- .,
.

hY
.
.

Andrr3z=165TO 195nm

Andrr4=250 TO 290nm

N
.
s,
0y
s,
\,
~
.
s
‘

h flb D popp=(-15")230°




Patent Application Publication Aug. 31,2006 Sheet 7 of 9 US 2006/0192914 A1

FIG. 7 w07




Patent Application Publication Aug. 31,2006 Sheet 8 of 9 US 2006/0192914 A1

FIG. 9

(W +75°)
 (1+60°)

’
’
/,
’




Patent Application Publication Aug. 31,2006 Sheet 9 of 9 US 2006/0192914 A1

FIG. 11

11b

FIG. 12

6,=0T0~18 _  6,=0TO+E

||\§2 /TL)-

0.5 um 0.5 um




US 2006/0192914 Al

LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display apparatus and, more specifically, relates to a liquid
crystal display apparatus including a reflective part and a
transmissive part in a liquid crystal cell.

[0003] 2. Description of the Related Art

[0004] Inthe field of display devices, active matrix display
apparatuses that have high display quality are widely used.
An active matrix display includes a plurality of pixel elec-
trodes. Each of these pixel electrodes are provided with a
switching element. In this way, each pixel electrode can be
reliably switched. Consequently, a large-size display appa-
ratus having high resolution can be provided.

[0005] Recently, there has been a need for display appa-
ratuses that consume less power and have a brighter display
with a larger pixel area. Accordingly, a display apparatus
including an active matrix substrate that is entirely covered
with a thick insulating layer and including reflective pixel
electrodes disposed on this insulating layer has been put to
practical use. For such a display apparatus that includes an
insulating layer with pixel electrodes, electrical short-cir-
cuiting between scanning lines and signal lines provided
below the insulating layer and the pixel electrodes on the
insulating layer can be prevented. In this way, the pixel
electrodes can be provided in a large area in a manner such
that the pixel electrodes overlap the wiring. Consequently,
most of the areas including the switching elements, such as
thin film transistors (TFTs), the scanning lines, and the
signal lines can be used as pixel areas that contribute to the
display. Thus, the aperture ratio is increased, and the display
becomes bright.

[0006] Since liquid crystal display apparatuses using only
reflective pixel electrodes cannot be used in a dark area,
semi-transmissive liquid crystal display apparatuses are put
to wide use. A semi-transmissive liquid crystal display
apparatus includes a backlight and has a structure that is the
same as that of a reflective liquid crystal display apparatus
capable of transmissive display in predetermined areas.

[0007] Lately, a liquid crystal display apparatus that is
capable of operating in an optical compensated birefrin-
gence (OCB) mode has been drawing attention. In an OCB
mode, gradation display is carried out by utilizing the facts
that the liquid crystal molecules enter a bent state when a
voltage is applied and the pretilt angle to the alignment
direction gradually changes when the applied voltage is
increased. In an OCB mode, response is fast and a large
angle of visibility can be obtained.

[0008] Also, lately, as described in Japanese Unexamined
Patent Application Publication No. 9-146086, a mode simi-
lar to an OCB mode has been proposed. In this mode similar
to an OCB mode, liquid crystal molecules of a liquid crystal
layer interposed between a pair of alignment films are in a
hybrid state and one of the alignment films has a horizontal
alignment whereas the other alignment film has a perpen-
dicular alignment.

SUMMARY OF THE INVENTION

[0009] In a semi-transmissive liquid crystal display appa-
ratus constituted of a reflective liquid crystal display appa-
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ratus that is capable of transmissive display in some areas,
when the transmissive area is operated in an OCB mode and
the reflective area is operated in a mode similar to the OCB
mode, a liquid crystal display apparatus having fast response
and high quality reflective and transmissive display func-
tions can be realized. However, in such a display apparatus,
two different areas having liquid crystal layers with different
thicknesses and different operation modes exist in each
pixel. As a result, the display contrast between the trans-
missive area and the reflective area in each pixel becomes
great.

[0010] By taking into consideration the above-identified
problems, an embodiment of the present invention provides
a dual-gap type (multi-gap type) semi-transmissive liquid
crystal display apparatus that has excellent display quality in
both the transmissive and reflective areas by adjusting the
optical characteristics of the transmissive and reflective
areas and reducing the contrast between the transmissive and
reflective areas.

[0011] To solve the above-identified problems, a liquid
crystal display apparatus according to an embodiment of the
present invention has the structure described below.

[0012] The liquid crystal display apparatus according to an
embodiment of the present invention includes a liquid
crystal cell including a liquid crystal layer interposed
between a first transparent substrate and a second transpar-
ent substrate, wherein a common electrode and a first
alignment film are stacked, in this order, on the inner side of
the first transparent substrate, a plurality of switching ele-
ments and a plurality of pixel electrodes connected to the
plurality of switching elements are disposed on the inner
side of the second transparent substrate, and a second
alignment film is disposed on the switching elements and the
pixel electrodes, a second phase plate, a first phase plate, and
a first polarizing plate stacked, in this order, on the outer side
of the first transparent substrate, and a third phase plate, a
fourth phase plate, and a second polarizing plate stacked, in
this order, on the outer side of the second transparent
substrate. The liquid crystal cell has a plurality of pixel areas
corresponding to the pixel electrodes and the pixel elec-
trodes in predetermined pixel areas are reflective, wherein
the predetermined pixel areas constitute a reflective part
configured to reflect incident light from the first transparent
substrate and pixel areas excluding the predetermined pixel
areas constitute a transmissive part configured to pass light
from the second transparent substrate to the first transparent
substrate. The liquid crystal cell, the first to fourth phase
plates, and the first and second polarizing plates have four
different combinations of optical characteristics described
below.

[0013] As a first combination, a liquid crystal display
apparatus according to an embodiment has the following
optical characteristics:

[0014] axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (Y+15°)-30° to
(P+15°)+30°;

[0015] retardation (Andgg;) of the first phase plate is
within the range of 250 to 290 nm;

[0016] axial direction of a retardation axis d of the first
phase plate is within the range of (\+30°)-15° to (+30°)+
15°



US 2006/0192914 Al

[0017] retardation (Andgy,) of the second phase plate is
within the range of 160 to 200 nm;

[0018] axial direction of a retardation axis e of the second
phase plate is within the range of (1p+90°)-15° to ({+90°)+
15°;

[0019] retardation (And; ) of the transmissive part of the
liquid crystal cell is within the range of 900 to 1,100 nm;

[0020] retardation (And; ) of the reflective part of the
liquid crystal cell is within the range of 115 to 145 nm;

[0021] retardation (Andgy;) of the third phase plate is
within the range of 160 to 200 nm;

[0022] axial direction of a retardation axis f of the third
phase plate is within the range of (1p+90°)-15° to ({+90°)+
159,

[0023] retardation (Andgg,) of the fourth phase plate is
within the range of 250 to 290 nm;

[0024] axial direction of a retardation axis g of the fourth
phase plate is within the range of (P+150°)-15° to
(Pp+150°)+15°; and

[0025] axial direction of an absorption axis h of the second
polarizing plate is within the range of (Y+75°)-30° to
(Y+75°)+30°.

[0026] As a second combination, a liquid crystal display
apparatus according to an embodiment has the following
optical characteristics:

[0027] axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (1+105°)-30° to
(p+105°)+30°;

[0028] retardation (Andgg,) of the first phase plate is
within the range of 250 to 290 nm;

[0029] axial direction of a retardation axis d of the first
phase plate is within the range of (1p+30°)-15° to ({+30°)+
15°;

[0030] retardation (Andgg,) of the second phase plate is
within the range of 160 to 200 nm;

[0031] axial direction of a retardation axis e of the second
phase plate is within the range of (1p+90°)-15° to ({+90°)+
15°;

[0032] retardation (And; 1) of the transmissive part of the
liquid crystal cell is within the range of 900 to 1,100 nm;

[0033] retardation (And; ) of the reflective part of the
liquid crystal cell is within the range of 115 to 145 nm;

[0034] retardation (Andgy;) of the third phase plate is
within the range of 160 to 200 nm;

[0035] axial direction of a retardation axis f of the third
phase plate is within the range of (1p+90°)-15° to ({+90°)+
15%

[0036] retardation (Andgg,) of the fourth phase plate is
within the range of 250 to 290 nm;

[0037] axial direction of a retardation axis g of the fourth
phase plate is within the range of (Y+150°)-15° to
(P+150°)+15°; and
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[0038] axial direction of an absorption axis h of the second
polarizing plate is within the range of (\+165°)-30° to
(p+165°)+30°.

[0039] As a third combination, a liquid crystal display
apparatus according to an embodiment has the following
optical characteristics:

[0040] axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (\+165°)-30° to
(P+165°)430°;

[0041] retardation (Andgy,) of the first phase plate is
within the range of 250 to 290 nm;

[0042] axial direction of a retardation axis d of the first
phase plate is within the range of (P+150°)-15° to
(P+150°)+15°;

[0043] retardation (Andgy,) of the second phase plate is
within the range of 160 to 200 nm;

[0044] axial direction of a retardation axis e of the second
phase plate is within the range of (+90°)-15° to (Y+90°)+
15°

[0045] retardation (And; ) of the transmissive part of the
liquid crystal cell is within the range of 900 to 1,100 nm;

[0046] retardation (And;y) of the reflective part of the
liquid crystal cell is within the range of 115 to 145 nm;

[0047] retardation (Andgp;) of the third phase plate is
within the range of 160 to 200 nm;

[0048] axial direction of a retardation axis f of the third
phase plate is within the range of (\+90°)-15° to (+90°)+
15°;

[0049] retardation (Andgg,) of the fourth phase plate is
within the range of 250 to 290 nm;

[0050] axial direction of a retardation axis g of the fourth
phase plate is within the range of (\y+30°)-15° to ({+30°)+
15°; and

[0051] axial direction of an absorption axis h of the second
polarizing plate is within the range of (\p+105°)-30° to
(p+105°)430°.

[0052] As a fourth combination, a liquid crystal display
apparatus according to an embodiment has the following
optical characteristics:

[0053] axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (Y+75°)-30° to
(Pp+75°)430°;

[0054] retardation (Andgy,) of the first phase plate is
within the range of 250 to 290 nm;

[0055] axial direction of a retardation axis d of the first
phase plate is within the range of (P+150°)-15° to
(p+150°)+15°;

[0056] retardation (Andgy,) of the second phase plate is
within the range of 160 to 200 nm;

[0057] axial direction of a retardation axis e of the second
phase plate is within the range of (\+90°)-15° to (+90°)+
15°

[0058] retardation (And; 1) of the transmissive part of the
liquid crystal cell is within the range of 900 to 1,100 nm;
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[0059] retardation (And;y) of the reflective part of the
liquid crystal cell is within the range of 115 to 145 nm;

[0060] retardation (Andgy;) of the third phase plate is
within the range of 160 to 200 nm;

[0061] axial direction of a retardation axis f of the third
phase plate is within the range of (1p+90°)-15° to (+90°)+
15°

[0062] retardation (Andgy,) of the fourth phase plate is
within the range of 250 to 290 nm;

[0063] the axial direction of a retardation axis g of the
fourth phase plate is within the range of (Y+30°)-15° to
(Pp+30°)+15°; and

[0064] the axial direction of an absorption axis h of the
second polarizing plate is within the range of (y+15°)-30°
to (Y+15°)+30°.

[0065] The axial direction ({+N°) (N representing an
integer) represents an angle N to an alignment direction 1 of
the liquid crystal, (+N°) represents the angle N° to the
alignment direction \ in the counterclockwise direction with
respect to the first substrate, and ({y-N°) represents the angle
N° to the alignment direction 1 in the clockwise direction
with respect to the first substrate.

[0066] According to the above-described structure, in the
liquid crystal display apparatus operating in an OCB mode
or a mode similar to OCB mode, the display in the trans-
missive part and the reflective part can be made even and
unevenness in display can be prevented. In particular,
unevenness in the contrast can be prevented.

[0067] In the above-described liquid crystal display appa-
ratus according to an embodiment of the present invention,
the transmissive part operates in a mode in which the
alignments of the first and second alignment films in the
transmissive part have horizontal alignments and the liquid
crystal molecules included the liquid crystal layer are in a
bent alignment when a voltage is applied, and the reflective
part operates in a mode in which the one of the first and
second alignment films in the reflective part has a perpen-
dicular alignment, the other alignment film has a horizontal
alignment, and the liquid crystal molecules included the
liquid crystal layer are in a hybrid alignment when a voltage
is applied.

[0068] According to the above-described structure, the
transmissive part operates in an OCB mode and the reflec-
tive part operates in a mode similar to an OCB mode.
Therefore, a liquid crystal display apparatus capable of fast
response can be provided.

[0069] In the above-described liquid crystal display appa-
ratus according to an embodiment of the present invention,
the thickness of the liquid crystal layer in the transmissive
part is twice the thickness of the liquid crystal layer in the
reflective part.

[0070] According to the above-described structure, the
liquid crystal molecules in the transmissive part are aligned
in an arch pattern and the liquid crystal molecules in the
reflective part are aligned in a semi-arch pattern. The length
of the light path of the light passing through the liquid
crystal layer in the reflective part can be matched with the
length of the light path of the light passing through the liquid
crystal layer in the transmissive part.
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[0071] In the liquid crystal display apparatus according to
an embodiment of the present invention, it is preferable that
the pixel electrodes in the reflective part are reflective pixel
electrodes composed of a metal film and the pixel electrodes
in the transmissive part are transparent pixel electrodes
composed of a transparent conductive film.

[0072] In the liquid crystal display apparatus according to
an embodiment of the present invention, it is preferable that
a color filter is interposed between the first transparent
substrate and the common electrode and the color filter in the
reflective part is thinner than the color filter in the transmis-
sive part. According to an embodiment of the present
invention, it is preferable that the thickness of the color filter
in the reflective part is one-half of the thickness of the color
filter in the transmissive part.

[0073] Light from the front side of the liquid crystal cell
passes through the color filter in the reflective part, and,
then, this incident light is reflected at the reflective body and
passes through the color filter again as reflected light. In this
way, light passes through the color filter in the reflective part
twice, whereas light from the backlight passes through the
color filter in the transmissive part only once. Therefore, if
the color filters in the reflective part and the transmissive
part have a uniform thickness, luminance is reduced in the
reflective part and colors in the transmissive part and the
reflective part become uneven.

[0074] Accordingly, in the present invention, the above-
described structure is employed so as to prevent the gen-
eration of unevenness in color in the transmissive part and
the reflective part to make the contrast and luminance
constant.

[0075] By setting the thickness of the color filter in the
reflective part one-half of the thickness of the color filter in
the transmissive part, unevenness in color can be completely
prevented.

[0076] In the liquid crystal display apparatus according to
an embodiment of the present invention, a transparent resin
film is stacked on the color filter on the side facing the liquid
crystal layer in the reflective part and the total thickness of
the color filter and the transparent resin layer in the reflective
part is the same as the thickness of the color filter in the
transmissive part.

[0077] According to the above-described structure, the
transparent resin film in the reflective part and the color filter
in the transmissive part are flush with each other. Therefore,
the cell gap in the liquid crystal cell can be easily controlled.

[0078] In the liquid crystal display apparatus according to
an embodiment of the present invention, a sidewall of the
reflective part is formed adjacent to the periphery of the
transmissive part and the angle of inclination of the sidewall
is within the range of 25° to 55°.

[0079] According to the above-described structure, light
can be reflected at the sidewall and the border between the
transmissive part and the reflective part stands out. In this
way, unevenness in the display can be prevented.

[0080] According to an embodiment of the present inven-
tion, a liquid crystal display apparatus having uniform
luminance and even colors can be provided by optimizing
the optical characteristics of the liquid crystal cell, the
polarizing plates, and the phase plates.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0081] FIG.1 is a cross-sectional view of a liquid crystal
display apparatus according to an embodiment of the present
invention;

[0082] FIG. 2 is a cross-sectional view of a liquid crystal
cell included in the liquid crystal display apparatus accord-
ing to an embodiment of the present invention;

[0083] FIG. 3 is a plan view of an example of the
arrangement of TFTs and pixel electrodes of the liquid
crystal cell;

[0084] FIG. 4 is a plan view of an example the arrange-
ment of pixel electrodes of the liquid crystal cell;

[0085] FIG.5 is a schematic view of an example of a color
filter included in the liquid crystal cell;

[0086] FIG. 6 illustrates the main part of the liquid crystal
display apparatus according to an embodiment of the present
invention and is an exploded perspective view of a first
combination of optimal optical characteristics;

[0087] FIG. 7 is a plan view of the arrangements of a first
combination of an absorption axis ¢ of a first polarizing
plate, a retardation axis d of a second phase plate, a
retardation axis e of a first phase plate, an alignment
direction a of a upper alignment film, an alignment direction
b of a lower alignment film, a retardation axis f of a third
phase plate, a retardation axis g of a fourth phase plate, and
an absorption axis h of a second polarizing plate of a liquid
crystal display apparatus according to an embodiment of the
present invention;

[0088] FIG. 8 is a plan view of the arrangements of a
second combination of an absorption axis ¢ of a first
polarizing plate, a retardation axis d of a second phase plate,
a retardation axis e of a first phase plate, an alignment
direction a of a upper alignment film, an alignment direction
b of a lower alignment film, a retardation axis f of a third
phase plate, a retardation axis g of a fourth phase plate, and
an absorption axis h of a second polarizing plate of a liquid
crystal display apparatus according to an embodiment of the
present invention;

[0089] FIG.9 is a plan view of the arrangements of a third
combination of an absorption axis ¢ of a first polarizing
plate, a retardation axis d of a second phase plate, a
retardation axis e of a first phase plate, an alignment
direction a of a upper alignment film, an alignment direction
b of a lower alignment film, a retardation axis f of a third
phase plate, a retardation axis g of a fourth phase plate, and
an absorption axis h of a second polarizing plate of a liquid
crystal display apparatus according to an embodiment of the
present invention;

[0090] FIG. 10 is a plan view of the arrangements of a
fourth combination of an absorption axis ¢ of a first polar-
izing plate, a retardation axis d of a second phase plate, a
retardation axis e of a first phase plate, an alignment
direction a of a upper alignment film, an alignment direction
b of a lower alignment film, a retardation axis f of a third
phase plate, a retardation axis g of a fourth phase plate, and
an absorption axis h of a second polarizing plate of a liquid
crystal display apparatus according to an embodiment of the
present invention;
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[0091] FIG. 11 is a perspective view of the shape of
depressions of a reflective body included the liquid cell; and

[0092] FIG. 12 is a schematic view of the cross-sectional
shape of the depressions shown in FIG. 11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0093] A liquid crystal display apparatus according to an
embodiment of the present invention will be described
below with reference to the drawings. The proportions of the
thicknesses and the sizes of the components illustrated in the
drawings are changed so that the drawings are easily view-
able.

[0094] FIGS. 1 to 9 illustrate a semi-transmissive liquid
crystal display apparatus according to an embodiment of the
present invention. A semi-transmissive liquid crystal display
apparatus A according to an embodiment of the present
invention is operated in an OCB mode. As shown in FIG. 1,
the semi-transmissive liquid crystal display apparatus A
includes a liquid crystal cell (liquid crystal panel) 1 that is
the body of the semi-transmissive liquid crystal display
apparatus A and a backlight 4 disposed behind the liquid
crystal panel 1.

[0095] As shown in FIGS. 1 and 2, the liquid crystal cell
(liquid crystal panel) 1 includes an active matrix substrate 2
provided on the same side as switching elements 10, an
opposing substrate 3 provided opposite to the active matrix
substrate 2, and a liquid crystal layer 5 that is interposed
between the substrates 2 and 3 and functions as a light-
modulating layer.

[0096] The opposing substrate 3 is constituted of a color
filter 42, a common electrode 43, and an alignment film 44
stacked, in this order, on the inner side (i.e., the side of the
liquid crystal layer 5) of a substrate (first transparent sub-
strate) 41. The active matrix substrate 2 includes a substrate
(second transparent substrate) 6, the switching elements 10
provided on the substrate 6, a pixel electrode 11 connected
to the switching elements 10, a reflective body 20, and an
alignment film 29 stacked on the pixel electrode 11. The
liquid crystal layer 5 is interposed between the alignment
film 29 and the alignment film 44.

[0097] The pixel electrode 11 includes a transmissive pixel
electrode 11a stacked on the substrate 6 and a reflective pixel
electrode 1156 including an insulating film 20a and the
reflective body 20. The transmissive pixel electrode 11a and
the reflective pixel electrode 115 are connected to the
switching elements 10.

[0098] On the outer surface of the opposing substrate 3, a
second phase plate H3 (i.e., a phase plate adjacent to the
opposing substrate 3), a first phase plate H2 (i.e., a phase
plate adjacent to a first polarizing plate), and a first polar-
izing plate H1 are stacked in this order. On the outer surface
of the active matrix substrate 2, a third phase plate H4, a
fourth phase plate H5, and a second polarizing plate H6 are
stacked in this order. The backlight 4 is disposed below the
second polarizing plate H6.

[0099] The semi-transmissive liquid crystal display appa-
ratus A is operated in a reflective mode in which the
backlight 4 is not illuminated when sufficient outside light is
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available and is operated in a transmissive mode in which
the backlight 4 is illuminated when sufficient outside light is
not available.

[0100] The liquid crystal display apparatus according to
this embodiment of the present invention operates in a
reflective OCB (R-OCB) mode when in a reflective mode
and operates in an OCB mode when in a transmissive mode.

[0101] In the reflective mode, light incident on the first
polarizing plate H1 is linearly polarized. The linearly polar-
ized light is elliptically polarized as it passes through the first
phase plate H2, the second phase plate H3, and the liquid
crystal layer 5. The elliptically polarized light is reflected at
the reflective body 20 and passes through the liquid crystal
layer 5, the second phase plate H3, and the first phase plate
H2, in this order. Finally, the light reaches the first polarizing
plate H1 again and is emitted as a linearly polarized light.

[0102] In the transmissive mode, the light emitted from
the backlight 4 is linearly polarized at the second polarizing
plate H6. The linearly polarized light is elliptically polarized
as it passes through the fourth phase plate H5, the third phase
plate H4, the liquid crystal layer 5, the second phase plate
H3, and the first phase plate H2, in this order. The elliptically
polarized light is linearly polarized as it passes through the
first polarizing plate H1. Accordingly, linearly polarized
light is emitted from the first polarizing plate H1.

[0103] As shown in FIGS. 2, 3, and 4, on the substrate 6
of the active matrix substrate 2, a plurality of scanning lines
7 disposed along the row direction (i.e., X direction in FIGS.
3 and 4) and a plurality of signal lines 8 disposed along the
column direction (i.e., y direction in FIGS. 3 and 4) are
electrically insulated. TFTs (switching elements 10) are
provided at each of the intersections of the scanning lines 7
and the signal lines 8. According to this embodiment, the
areas on the substrate 6 where the pixel electrodes 11 (11a
and 115) are provided are defined as pixel areas M, the areas
where the TFTs (switching elements 10) are provided are
defined as element areas, and the areas where the scanning
lines 7 and the signal lines 8 are provided are defined as
wiring areas.

[0104] The TFTs (switching elements 10) have an inverse
staggered structure. On the substrate 6, a gate electrode 13,
a gate insulating film 15, an intrinsic semiconductor (i-type
semiconductor) layer 14, a source electrode 17, and a drain
electrode 18 are stacked in order. An etching stopper layer
9 is disposed on the i-type semiconductor layer 14 and
interposed between the source electrode 17 and the drain
electrode 18.

[0105] More specifically, the gate electrode 13 is formed
by extending part of the scanning line 7 and an island of the
i-type semiconductor layer 14 is provided on the gate
insulating film 15 in a manner such that the gate electrode 13
is covered when viewed from the top. Moreover, the source
electrode 17 is connected to a first end of the i-type semi-
conductor layer 14 via an n-type semiconductor layer 16,
and the drain electrode 18 is connected to a second end of
the i-type semiconductor layer 14 via the n-type semicon-
ductor layer 16.

[0106] One of the transmissive pixel electrodes 11a (pixel
electrodes 11) composed of a transparent electrode material,
such as indium tin oxide (ITO), is provided in each rectan-
gular area defined by the scanning lines 7 and the signal lines
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8 in a manner such that the transmissive pixel electrode 11a
is directly disposed on the substrate 6. In other words, the
transmissive pixel electrode 11a is provided on the same
plane as the gate electrode 13. The transmissive pixel
electrode 11a, having a rectangular shape when viewed from
the top, is directly connected to a connection part 17a
provided at one end of the source electrode 17, which
overlaps with one end 11¢ of the transmissive pixel electrode
11a. As shown in FIG. 3, the length of the transmissive pixel
electrode 11a is slightly shorter than the longitudinal length
of a rectangular area defined by the scanning lines 7 and the
signal lines 8, and the width of the transmissive pixel
electrode 11a is a fraction of the width of the rectangular
area.

[0107] The substrate 6 is composed of a transparent insu-
lating substrate, such as synthetic resin. As shown in FIG.
3, the gate electrodes 13 are composed of a conductive metal
material and are provided as single units with the scanning
lines 7 disposed along the row direction. The gate insulating
films 15 are composed of a silicon-based insulating film,
such as silicon oxide (8iO,) or silicon nitrate (SiN, ), and are
provided on the substrate in a manner such that the scanning
lines 7 and the gate electrodes 13 are covered but the
transmissive pixel electrodes 11a are not covered. The gate
insulating films 15 must be provided in areas at least
excluding the connecting parts of the transmissive pixel
electrodes 11a and the source electrodes 17. Therefore, the
gate insulating films 15 are not provided on the transmissive
pixel electrodes 11a. However, the gate insulating films 15
may be provided on the transmissive pixel electrodes 11a so
long as the connecting parts of the transmissive pixel
electrodes 11a and the source electrodes 17 are not covered
by the gate insulating films 15.

[0108] The i-type semiconductor layers 14 are composed
of amorphous silicon (a-Si). The areas of the i-type semi-
conductor layers 14 that oppose the gate electrodes 13 across
the gate insulating films 15 are defined as a channel area.
The source electrodes 17 and the drain electrodes 18 are
composed of a conductive material and are disposed oppo-
site to each other in a manner such that the i-type semicon-
ductor layers 14 are interposed between the electrodes 17
and 18. The drain electrodes 18 are formed by extending of
the signal lines 8 disposed along the column direction.

[0109] To establish a sufficient ohmic contact between the
i-type semiconductor layers 14 and the electrodes 17 and 18,
the n-type semiconductor layers 16 are interposed between
the i-type semiconductor layers 14 and the electrodes 17 and
18. The n-type semiconductor layers 16 are doped by a high
concentration of a V-group element, such as phosphorous

®).

[0110] Moreover, the insulating film 20a composed of an
organic material is stacked on the substrate 6. On the
insulating film 20a, the reflective pixel electrodes 115 (pixel
electrodes 11) composed of a metal material having a high
reflective rate, such as aluminum (Al) or silver (Ag), are
provided. The insulating film 20a and the reflective pixel
electrodes 115 constitute the reflective body 20.

[0111] The reflective pixel electrodes 115 are provided on
the insulating film 20a so that the size of the reflective pixel
electrodes 115 is slightly smaller than the rectangular areas
defined by the scanning lines 7 and the signal lines 8, when
viewed from the top. As shown in FIG. 4, when viewed from
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the top, the reflective pixel electrodes 115 are arranged in a
matrix so that predetermined gaps are provided between the
reflective pixel electrodes 115 in so as to prevent short-
circuiting. More specifically, the reflective pixel electrodes
1156 are disposed so that their sides are parallel to the
scanning lines 7 and the signal lines 8 disposed below the
reflective pixel electrodes 115. In this way, most of the areas
defined by the scanning lines 7 and the signal lines 8
function as pixel areas. The pixel areas are equivalent to the
display areas of the liquid crystal cell (liquid crystal panel)
1.

[0112] The insulating film 20a is composed of an organic
insulating film, such as acrylic resin, polyimide resin, or
benzo-cyclo-butene (BCB) polymer, and reinforces the pro-
tection by the switching elements (TFTs) 10. A relatively
thick insulating film 20a is stacked on the substrate 6 so as
to provide reliable insulation between the transmissive pixel
electrodes 11a, the switching elements (TFTs) 10, and the
various wirings and so as to prevent the generation of a large
parasitic capacitance. At the same time, the thick insulating
film 20a flattens the surface of the substrate 6 on which the
switching elements (TFTs) 10 and the various wirings are
provided.

[0113] Next, in the insulating film 20a, contact holes 21
that reach ends 17a of the source electrodes 17 are formed
and depressions 22 are formed above the transmissive pixel
electrodes 11a. A through-hole 23 matching an opening 22a
of each of the depressions 22, when viewed from the top, is
formed in each of the reflective pixel electrodes 115, in an
area corresponding to the depression 22. The depression 22
is formed by removing most of the insulating film 20q in the
area corresponding to the depression 22 in the depth direc-
tion so that a coating layer 205 remains at the bottom part
22b. The depression 22 is shaped as a rectangle having
slightly shorter length than the length of the transmissive
pixel electrode 1la so that the depression 22 and the
transmissive pixel electrodes 11a correspond to each other
when viewed from the top.

[0114] In each pixel area, the area where the depression 22
is provided is defined as a transmissive part 30 capable of
transmitting light incident from the active matrix substrate 2
(i.e., light emitted from the backlight 4), whereas the area in
each of the reflective pixel electrodes 115 where light is not
transmitted (i.e., the area where the through-hole 23 is not
formed) is defined as a reflective part 35 capable of reflect-
ing incident light from the opposing substrate 3.

[0115] Since one pixel electrode 11 (11a or 115) substan-
tially corresponds to one pixel area and the area of the
through-hole 23 corresponds to the light-passing area while
in a transmissive display mode, the proportion of the area of
the through-hole 23 to the entire area of the pixel electrode
11 should preferably be 20% to 60%, e.g., 40%. According
to this embodiment, only one through-hole 23 is formed in
each pixel electrode 11. However, a plurality of through-
holes may be formed in each pixel electrode 11. In such a
case, the total area of the plurality of through-holes should
be 20% to 60% of the total area of the pixel electrode 11. In
such a case, depressions are provided below the through-
holes at positions corresponding to the through-holes.

[0116] Conductive parts 25 composed of conductive mate-
rial are provided at the contact holes 21 formed in the
insulating film 20a. The reflective pixel electrodes 115 and
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the source electrodes 17 disposed at the lower layer of the
insulating film 20a are electrically connected via the con-
ductive parts 25. Hence, the source electrodes 17 are elec-
trically connected to both the transmissive pixel electrodes
11a and the reflective pixel electrodes 115.

[0117] On the substrate 6 having the above-described
structure, the alignment film 29 is provided on the lower
substrate in a manner such that the alignment film 29 covers
the reflective body 20 and the depression 22. The alignment
film 29 is composed of polyimide, and a predetermined
alignment processing, such as rubbing, is carried out on the
alignment film 29. A different alignment processing is car-
ried out on the transmissive part 30 of the alignment film 29
and the reflective part 35 of the alignment film 29. In other
words, the alignment film 29 includes a transmissive align-
ment film 29a provided on the side of the liquid crystal layer
of the transmissive part 30 and a reflective alignment film
29b provided on the side of the liquid crystal layer of the
reflective part 35.

[0118] The depression 22 formed in the insulating film 20a
includes a sidewall 22e extending in the thickness direction
of the insulating film 20a. According to this embodiment,
the angle of inclination of the sidewall 22e is 25° or more
and 55° or less. According to this structure, light is reflected
at the sidewall 22e. In this way, the border between the
transmissive part 30 and the reflective part 35 does not
stands out, and, thus, unevenness in the display can be
prevented. It is not preferable to set the angle of inclination
smaller than 25° since the projection along the normal line
of the inclined portion will be long and the effective display
area will be reduced. It is also not preferable to set the angle
of inclination greater than 55° since the alignment will be
significantly distorted due to the unevenness of the surface.
The most preferable angle of inclination for the sidewall 22¢
is 40°.

[0119] In particular, it is preferable that the angle of
inclination of the sidewall 22e equals the pretilt angle of the
liquid crystal molecules on the transmissive alignment film
29a. In this way, the border between the transmissive part 30
and the reflective part 35 does not stand out, and unevenness
in the display can be prevented.

[0120] As shown in FIG. 2, the opposing substrate 3
includes the color filter 42 on the transparent substrate 41,
which is composed of glass or plastic, on the side of the
liquid crystal layer 5.

[0121] In the color filter 42, as shown in FIG. 5, color
filters 42R, 42G, and 42B that transmit light beams having
wavelengths corresponding to red (R), green (G), and blue
(B), respectively, are arranged in a periodic pattern. The
color filters 42R, 42G, and 42B oppose the pixel electrodes
11 (11a and 115). In areas of the color filter 42 where the
color filters 42R, 42G, and 42B are not provided, light-
blocking layers 42S and 42T, such as a black matrix, are
provided as a grid.

[0122] The color filter 42 includes a reflective color filter
42a disposed on the reflective part 35, a transparent resin
layer 42b stacked on the reflective color filter 42a, and a
transparent color filter 42¢ provided as a single unit with the
reflective color filter 42a disposed on the transmissive part
30. The thickness of the reflective color filter 424 is one-half
of the thickness of the transparent color filter 42¢. The total
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thickness of the reflective color filter 424 and the transparent
resin layer 425 is substantially the same as the thickness of
the transparent color filter 42¢. In this way, the surface of the
color filter 42 on the side of the liquid crystal layer 5 is
substantially flat.

[0123] On the liquid crystal layer side of the above-
described color filter 42, the common electrode (transparent
opposing electrode) 43, composed of ITO, and the alignment
film 44 for the upper substrate are provided. The alignment
film 44 is composed of polyimide, and a predetermined
alignment processing, such as rubbing, is carried out on the
alignment film 44. A different alignment processing is car-
ried out on the transmissive part 30 of the alignment film 44
and the reflective part 35 of the alignment film 44.

[0124] The substrates 2 and 3 having the above-described
structures are held at a predetermined distance apart from
each other by spacers (not shown in the drawings) and are
bonded together, as shown in FIG. 1, with a thermosetting
sealing material 45 applied in a rectangular shape to the
peripheral areas of the substrates. To constitute the liquid
crystal cell 1, the liquid crystal layer 5 that is a light-
modulating layer is formed by containing liquid crystal in
the sealed space formed by the substrates 2 and 3 and the
sealing material 45.

[0125] The semi-transmissive liquid crystal display appa-
ratus A according to this embodiment includes the insulating
film 20a having the depressions 22, as described above. By
introducing liquid crystal into the depressions 22, the thick-
ness d; of the liquid crystal layer 5 at the transmissive parts
30 is twice the thickness d,, of the liquid crystal layer 5 at the
reflective parts 35. In other words, the total thickness of the
thickness of the reflective body 20 and the thickness d, of the
liquid crystal layer 5 at the reflective parts 35 equal the
thickness d, of the liquid crystal layer 5 at the transmissive
parts 30. Moreover, the thickness of the reflective body 20
equals the thickness d, of the liquid crystal layer 5 at the
reflective parts 35.

[0126] Next, the optical characteristics of the semi-trans-
missive liquid crystal display apparatus A according to this
embodiment will be described.

[0127] First, the optical characteristics of the liquid crystal
cell 1 will be described.

[0128] The liquid crystal layer 5 is constituted of liquid
crystal molecules that are in a nematic state at normal
temperature.

[0129] As shown in FIG. 2, when a reference voltage (i.e.,
a voltage that generates a white display) is applied to the
liquid crystal layer 5 at the transmissive part 30, the liquid
crystal molecules on the alignment film 44 and in the
vicinity of the transmissive alignment film 294 are in a
horizontal alignment (with a pretilt of 3° to 8°) and the liquid
crystal molecules in the central area of the liquid crystal
layer 5 are in a perpendicular alignment. In other words, as
a whole, the liquid crystal molecules are in a bent alignment
in which the molecules are aligned in an arch pattern. When
the voltage is gradually increased from the reference volt-
age, the pretilt angle of the liquid crystal molecules on the
alignment film 44 and in the vicinity of the transmissive
alignment film 29« is gradually increased in accordance with
the applied voltage. In this way, hierarchical display is
possible. As described above, the transmissive parts 30 of
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the liquid crystal display apparatus according to this
embodiment operates in an OCB mode.

[0130] As shown in FIG. 2, when the reference voltage
(i.e., a voltage that generates a white display) is applied to
the liquid crystal layer 5 at the reflective part 35, the liquid
crystal molecules on the alignment film 44 are in a horizon-
tal alignment (with a pretilt of 3° to 8°), the liquid crystal
molecules in the vicinity of the reflective alignment film 295
are in a perpendicular alignment (with a pretilt of 88° to
90°), and the liquid crystal molecules in the central area of
the liquid crystal layer 5 are in a perpendicular alignment. In
other words, as a whole, the liquid crystal molecules are in
a hybrid alignment in which the molecules are aligned in an
arch pattern. When the voltage is gradually increased from
reference voltage, the pretilt angle of the liquid crystal
molecules on the alignment film 44 is gradually increased in
accordance with the applied voltage. In this way, hierarchi-
cal display is possible. As described above, the reflective
part 35 of the liquid crystal display apparatus according to
this embodiment operates in a mode similar to an OCB mode
(i.e., R-OCB mode).

[0131] The alignment direction of the liquid crystal mol-
ecules included in the liquid crystal layer 5 viewed from the
side of the opposing substrate 3 is determined by the
alignment direction of the alignment film 44. The alignment
directions of the reflective part 35 and the transmissive part
30 are the same.

[0132] For the liquid crystal constituting the liquid crystal
layer 5, it is preferable that the wavelength dispersion of the
double refraction An,  of the liquid crystal is smaller than
the wavelength dispersion of the double refraction Ang ., of
the first phase plate H2, the wavelength dispersion of the
double refraction Angp, of the second phase plate H3,
wavelength dispersion of the double refraction Ang g5 of the
third phase plate H4, and the wavelength dispersion of the
double refraction Angs of the fourth phase plate HS since a
higher contrast and an excellent display characteristics can
be achieved. The wavelength dispersion of the double
refraction An;  of the liquid crystal in the liquid crystal layer
5 can be changed by changing the liquid crystal material.
The double refractions Ang gy, Algg,, Aggs, and Angg, can
be changed by changing the materials used for the phase
plates.

[0133] As shown in FIGS. 6 and 7, it is preferable to set
the alignment direction (rubbing direction) a of the align-
ment film 44 of the transmissive part 30 and the reflective
part 35 and the alignment direction (rubbing direction) b of
the transmissive alignment film 294 of the transmissive part
30 parallel to each other so that the direction corresponds to
the alignment direction of the liquid crystal molecules. It is
preferable that the alignment direction of the reflective
alignment film 295 of the reflective part 35 is the perpen-
dicular direction. As shown in FIGS. 6 and 7, the alignment
directions a and b are the same as the alignment direction
of the liquid crystal. In FIGS. 6 and 7, the Z axis is
orthogonal to the incident plane of light entering the liquid
crystal cell 1, the phase plates H2, H3, H4, and H5, and the
polarizing plates H1 and Hé.

[0134] The value of retardation And, - that is obtained by
multiplying the double refraction An; of the transmissive
part 30 of the liquid crystal cell 1 and the thickness d (d;) of
the liquid crystal layer 5 is within the range of 900 to 1,100
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nm (wherein the measured wavelength is 589 nm). When the
retardation And; 1 is not within this range, it is not preferable
because the white display is darkened or becomes yellow.

[0135] The value of retardation And; y that is obtained by
multiplying the double refraction An; - of the reflective part
35 of the liquid crystal cell 1 and the thickness d (d,) of the
liquid crystal layer 5 is within the range of 115 to 145 nm
(wherein the measured wavelength is 589 nm). When the
retardation And; ; is not within this range, it is not preferable
because the white display is darkened or the contrast is
reduced.

[0136] Next, the optical characteristics of the phase plates
H2, H3, H4, and HS5 and the polarizing plates H1 and H6 will
be described.

[0137] In the semi-transmissive liquid crystal display
apparatus A according to this embodiment, as described
above, light passes through the third phase plate H4, the
fourth phase plate H5, and the second polarizing plate H6
only in a transmissive mode. Therefore, the first phase plate
H2, the second phase plate H3, and the first polarizing plate
H1 are involved in the operation of the liquid crystal display
apparatus in both the transmissive mode and a reflective
mode, whereas the third phase plate H4, the fourth phase
plate H5, and the second polarizing plate H6 are only
involved in the operation of the liquid crystal display
apparatus in the transmissive mode. There are four optimal
combinations of optical characteristics of the phase plates
H2, H3, H4, and H5, and the polarizing plates H1 and Hé.
The combinations will be described below.

[0138] Here, y+NP° representing the axial direction of the
retardation axis of a phase plate (where N represents an
integer) represents an angle N to the alignment direction
of the liquid crystal layer. In other words, {+N° represents
that the axis has been rotated counterclockwise by N° from
the alignment direction 1 when viewed from one of the
substrates. Furthermore, {-N° represents that the axis has
been rotated clockwise by N° from the alignment direction
¢ when viewed from the other substrate.

[0139] Moreover, (+N°)+n° represents an angle obtained
by rotating the axis by n° in the counterclockwise direction,
whereas 1+N° represents an angle obtained by rotating the
axis by n° in the clockwise direction.

[First Combination]

[0140] The phase plates H2, H3, H4, and H5 are composed
of uniaxially stretched norbornene-based resin (e.g., Zeonor
(product of Zeon Corporation) or Arton (product of Japan
Synthetic Rubber Co., Ltd.)) or polycarbonate film, and their
retardation axes matches the stretching direction.

[0141] The retardation Andgy, of the first phase plate H2
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0142] As shown in FIGS. 6 and 7, the retardation axis d
of the first phase plate H2 is set so that the angle ¢y, to the
alignment direction 1 is within the range of ({+30°)-15° to
($+30°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis d is not within this
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range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0143] The retardation Andgy, of the second phase plate
H3 is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgy, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0144] As shown in FIGS. 6 and 7, the retardation axis e
of the second phase plate H3 is set so that the angle ¢gx, to
the alignment direction 1) is within the range of ()+90°)-
15° to (p+90°)+15° when viewed from the incident direc-
tion of light. If the angle of the retardation axis e is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0145] The retardation Andgp; of the third phase plate H4
is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgp; is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0146] As shown in FIGS. 6 and 7, the retardation axis f
of the third phase plate H4 is set so that the angle ¢ g5 to the
alignment direction 1 is within the range of ({)+90°)-15° to
(Pp+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis f is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0147] The retardation Andyy, of the fourth phase plate HS
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgy, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0148] As shown in FIGS. 6 and 7, the retardation axis g
of the fourth phase plate HS is set so that the angle ¢y, to
the alignment direction 1) is within the range of (y+150°)-
15° to ((p+150°)+15° when viewed from the incident direc-
tion of light. If the angle of the retardation axis g is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode.

[0149] As shown in FIGS. 6 and 7, the absorption axis ¢
of the first polarizing plate H1 is set so that the angle ¢,
to the alignment direction 1 is within the range of ({+15°)-
30° to (P+15°)+30° when viewed from the incident direc-
tion of light. If the angle of the absorption axis ¢ of the first
polarizing plate H1 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode and the reflective mode.

[0150] As shown in FIGS. 6 and 7, the absorption axis h
of the second polarizing plate H6 is set so that the angle ¢,,;,
to the alignment direction 1 is within the range of ({+75°)-
30° to (Y+75°)+30° when viewed from the incident direc-
tion of light. If the angle of the absorption axis h of the
second polarizing plate H6 is not within this range, satis-
factory white display at high luminance cannot be obtained
in the transmissive mode.
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[Second Combination]

[0151] As the same as the first combination, the phase
plates H2, H3, H4, and H5 are composed of uniaxially
stretched norbornene-based resin (e.g., Zeonor (product of
Zeon Corporation) or Arton (product of Japan Synthetic
Rubber Co., Ltd.)) or polycarbonate film, and their retarda-
tion axes match the stretching direction.

[0152] The retardation Andgy, of the first phase plate H2
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgy, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0153] As shown in FIG. 8, the retardation axis d of the
first phase plate H2 is set so that the angle ¢py, to the
alignment direction 1 is within the range of ({+30°)-15° to
(P+30°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis d is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0154] The retardation Andyy, of the second phase plate
H3 is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0155] As shown in FIG. 8, the retardation axis e of the
second phase plate H3 is set so that the angle ¢rp, to the
alignment direction 1 is within the range of ({y+90°)-15° to
(P+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis e is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0156] The retardation Andggy of the third phase plate H4
is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgy, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0157] As shown in FIG. 8, the retardation axis f of the
third phase plate H4 is set so that the angle ¢rp; to the
alignment direction 1) is within the range of (¢+90°)-15° to
(Pp+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis f is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0158] The retardation Andg ., of the fourth phase plate HS
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0159] As shown in FIG. 8, the retardation axis g of the
fourth phase plate HS is set so that the angle ¢gp, to the
alignment direction 1 is within the range of (Y+150°)-15°
to (Y+150°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis g is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.
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[0160] As shown in FIG. 8, the absorption axis ¢ of the
first polarizing plate H1 is set so that the angle ¢, to the
alignment direction 1) is within the range of (\y+105°)-30°
to (Y+105°)+30° when viewed from the incident direction of
light. If the angle of the absorption axis ¢ of the first
polarizing plate H1 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode and the reflective mode.

[0161] As shown in FIG. 8, the absorption axis h of the
second polarizing plate H6 is set so that the angle ¢, to the
alignment direction 1) is within the range of (\+165°)-30°
to (Y+165°)+30° when viewed from the incident direction of
light. If the angle of the absorption axis h of the second
polarizing plate H6 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode.

[Third Combination]

[0162] As the same as the first combination, the phase
plates H2, H3, H4, and H5 are composed of uniaxially
stretched norbornene-based resin (e.g., Zeonor (product of
Zeon Corporation) or Arton (product of Japan Synthetic
Rubber Co., Ltd.)) or polycarbonate film, and their retarda-
tion axes match the stretching direction.

[0163] The retardation Andgy, of the first phase plate H2
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgzg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0164] As shown in FIG. 9, the retardation axis d of the
first phase plate H2 is set so that the angle ¢ry, to the
alignment direction 1) is within the range of (\+150°)-15°
to (Y+150°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis d is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0165] The retardation Andgy, of the second phase plate
H3 is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0166] As shown in FIG. 9, the retardation axis e of the
second phase plate H3 is set so that the angle ¢prp, to the
alignment direction 1 is within the range of ({»+90°)-15° to
(Pp+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis e is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0167] The retardation Andgy; of the third phase plate H4
is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgg; is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0168] As shown in FIG. 9, the retardation axis f of the
third phase plate H4 is set so that the angle ¢rp; to the
alignment direction 1 is within the range of ({)+90°)-15° to
(p+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis f is not within this
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range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0169] The retardation Andy ., of the fourth phase plate HS
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0170] As shown in FIG. 9, the retardation axis g of the
fourth phase plate H5 is set so that the angle ¢yz, to the
alignment direction 1 is within the range of ({y+30°)-15° to
(Pp+30°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis g is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0171] As shown in FIG. 9, the absorption axis ¢ of the
first polarizing plate H1 is set so that the angle ¢, to the
alignment direction 1 is within the range of (y+165°)-30°
to (Y+165°)+30° when viewed from the incident direction of
light. If the angle of the absorption axis ¢ of the first
polarizing plate H1 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode and the reflective mode.

[0172] As shown in FIG. 9, the absorption axis h of the
second polarizing plate H6 is set so that the angle ¢, to the
alignment direction 1 is within the range of (\+105°)-30°
to (Y+105°)+30° when viewed from the incident direction of
light. If the angle of the absorption axis h of the second
polarizing plate H6 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode.

[Fourth Combination]

[0173] As the same as the first combination, the phase
plates H2, H3, H4, and H5 are composed of uniaxially
stretched norbornene-based resin (e.g., Zeonor (product of
Zeon Corporation) or Arton (product of Japan Synthetic
Rubber Co., Ltd.)) or polycarbonate film, and their retarda-
tion axes match the stretching direction.

[0174] The retardation Andgg, of the first phase plate H2
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgy, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0175] As shown in FIG. 10, the retardation axis d of the
first phase plate H2 is set so that the angle ¢py, to the
alignment direction 1 is within the range of (\+150°)-15°
to (Y+150°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis d is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0176] The retardation Andyy, of the second phase plate
H3 is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0177] As shown in FIG. 10, the retardation axis e of the
second phase plate H3 is set so that the angle ¢ry, to the
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alignment direction 1 is within the range of ({+90°)-15° to
(Pp+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis e is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0178] The retardation Andy, of the third phase plate H4
is within the range of 160 to 200 nm (where the measured
wavelength is 589 nm). If the retardation Andgg; is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0179] As shown in FIG. 10, the retardation axis f of the
third phase plate H4 is set so that the angle ¢py; to the
alignment direction 1 is within the range of ({)+90°)-15° to
(p+90°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis f is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0180] The retardation Andg ., of the fourth phase plate H5
is within the range of 250 to 290 nm (where the measured
wavelength is 589 nm). If the retardation Andgzg, is not
within this range, a high contrast ratio or high luminance
cannot be obtained in the transmissive mode and the reflec-
tive mode.

[0181] As shown in FIG. 10, the retardation axis g of the
fourth phase plate H5 is set so that the angle ¢yp, to the
alignment direction 1 is within the range of ({+30°)-15° to
(Pp+30°)+15° when viewed from the incident direction of
light. If the angle of the retardation axis g is not within this
range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode.

[0182] As shown in FIG. 10, the absorption axis ¢ of the
first polarizing plate H1 is set so that the angle ¢poll to the
alignment direction 1 is within the range of ({+75°)-30° to
(Pp+75°)430° when viewed from the incident direction of
light. If the angle of the absorption axis ¢ of the first
polarizing plate H1 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode and the reflective mode.

[0183] As shown in FIG. 10, the absorption axis h of the
second polarizing plate H6 is set so that the angle ¢, to the
alignment direction 1 is within the range of ({»+15°)-30° to
(Pp+15°)430° when viewed from the incident direction of
light. If the angle of the absorption axis h of the second
polarizing plate H6 is not within this range, satisfactory
white display at high luminance cannot be obtained in the
transmissive mode.

[0184] Next, details of the reflective body 20 will be
described.

[0185] As shown in FIGS. 2 and 11, at positions corre-
sponding to pixel areas on the surface of the insulating film
20a constituting the reflective body 20, a plurality of depres-
sions 27 formed by pressuring bonding a transfer mold to the
surface of the insulating film 20a is provided. As shown in
FIG. 11, the plurality of depressions 27 provides a prede-
termined surface depression pattern 28 to the reflective pixel
electrodes 115 so as to partially disperse light incident on the
liquid crystal panel by the plurality of depressions 27 formed
on the reflective pixel electrodes 115. In this way, diffuse
reflection of light is possible for obtaining a brighter display
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having a wider observation range. As shown in FIG. 11, the
depressions 27 are disposed closely to each other so that the
inner surfaces of adjacent depressions 27 are partially con-
nected at the side of the opening.

[0186] According to this embodiment, each of the inner
surfaces of the depressions 27 is spherical. The luminance
distribution of the diffuse reflection light incident on the
reflective pixel electrodes lib at a predetermined angle (e.g.,
30°) is substantially symmetric with respect to the specular
reflection angle. More specifically, as shown in FIG. 12, the
angle of inclination 6g of the inner surfaces of the depres-
sions 27 is, for example, within the range of —-18° to +18°.
The pitch of adjacent depressions 27 is random so as to
prevent the generation of moiré fringes caused of the align-
ment of the depressions 27.

[0187] To facilitate production, the diameter of each of the
depressions 27 is set to 5 to 100 pm. The depth of each of
the depressions 27 is set to 0.1 to 3 um.

[0188] In the plan view of FIG. 4, the depressions 27 are
not shown on the reflective pixel electrodes 115 so as to
simplify the drawing. The dimensions of the outer periphery
of the pixel electrodes 11 in a standard liquid crystal panel
are set so that the length is 100 to 200 pm and the width is
30 to 90 um. To illustrate the size of the depressions 27
relative to the reflective pixel electrodes 115, the depressions
27 are illustrated in dotted lines in one of the pixels shown
in FIG. 4.

[0189] Here, the “depth of the depressions 27" refers to the
distance from the surface of the reflective pixel electrodes
1156 where the depressions 27 are not provide to the bottom
of the depressions 27. The “pitch of adjacent depressions
27” refers to the distance between the centers of the circular
depressions 27 when viewed from the top. The “angle of
inclination g of the inner surfaces of the depressions 27”
refers to the angle 0g to the horizontal plane of the inclined
surface in a minute area having a width of 0.5 um taken from
a predetermined area in the inner surfaces of the depressions
27 (i.e., the angle Og to the surface of the substrate 6), as
shown in FIG. 12. The angle 0g is positive or negative with
respect to a normal line extending perpendicularly from an
area on the surface of the reflective pixel electrodes 115
where the depressions 27 are not provided. For example, in
FIG. 12, the right side of the inclined surface is defined as
a positive angle and the left side is defined as a negative
angle.

[0190] As described above in detail, the optical character-
istics of the liquid crystal cell 1, the phase plates H2, H3, H4,
and HS, and the polarizing plates H1 and Hé of the semi-
transmissive liquid crystal display apparatus A according to
this embodiment are set within the abovementioned ranges.
Therefore, the semi-transmissive liquid crystal display appa-
ratus A has a high contrast ratio and high luminance in the
transmissive and reflective modes.

[0191] Moreover, the display of the transmissive parts 30
and the reflective parts 35 are uniform so as to prevent
unevenness in the display. In particular, unevenness in the
contrast can be prevented.

[0192] Since the thickness of the reflective color filters
42a in the reflective parts 35 is one-half of the thickness of
the transparent color filters 42¢ in transmissive parts 30,
unevenness in the colors in the transmissive parts 30 and the
reflective parts 35 can be prevented so as to make the
contrast uniform and to increase the luminance.
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[0193] Since the transparent resin layers 425 in the reflec-
tive parts 35 and the transparent color filters 42¢ in the
transmissive parts 30 are flush on the side of the liquid
crystal layer 5, the cell gap in the liquid crystal cell 1 can be
easily controlled.

[0194] Since the thickness d, of the liquid crystal layer 5
in the reflective part 35 is twice the thickness d; of the liquid
crystal layer 5 in the transmissive part 30, the light path
length of the light passing through the liquid crystal layer 5
in the reflective part 35 and the light path length of the light
passing through the liquid crystal layer 5 in the transmissive
part 30 are substantially the same.

EXAMPLES

[0195] The embodiment of the present invention will be
described in more detail below by presenting examples.
However, the present invention is not limited to these
examples.

[0196] The display characteristics of the semi-transmis-
sive liquid crystal display apparatus illustrated in FIGS. 1 to
12 in a reflective mode and a transmissive mode were
studied.

[0197] As the upper and lower alignment films constitut-
ing the liquid crystal cell, PIA-5560 (product of Chisso
Corporation) was used. The alignment direction a of the
alignment film provided on the upper substrate was the same
as the alignment direction b of the transmissive alignment
film, and the alignment direction of the reflective alignment
film was a perpendicular direction. As the liquid crystal
included in the liquid crystal layer, AP-5517XX (product of
Chisso Petrochemical Corporation) was used. The first to
fourth phase plates were composed of Zeonor.

[0198] A reflective body was prepared by curing an
acrylic-based photosensitive resin substrate (resin substrate
for reflective body) having a rough surface molded by a
silicon mold having a rough surface by irradiating the
substrate with ultraviolet rays and then providing an alumi-
num (Al) film (reflective pixel electrode) on the substrate.
The depressions causing the roughness of the surface of the
reflective body are spherical, as shown in FIGS. 11 and 12.

[0199] The angles of And;  and And; ;- of the liquid crystal
cell (measured wavelength 589 nm), Andgy, to Andgp, of
the first to fourth phase plates, and the retardation axis d to
g of the first to fourth phase plates to the alignment direction
1 and the angle of the absorption axes ¢ and g of the first and
second polarizing plates to the alignment direction 1 were
set as shown in Table 1 below (first to fifth examples).

[0200] The luminance, the contrast ratio, and the distance
from the light source of the reflective liquid crystal display
apparatuses according to the first to fifth examples in reflec-
tive and transmissive modes were measured.

[0201] For the measurement in the reflective mode, the
light source, the liquid crystal cell, and the backlight were
stacked in this order and the contrast ratio was measured by
measuring the luminance of the white display (where the
applied voltage is 2.10 V) in a normally white (N/W) mode
and the luminance of a black display (where the applied
voltage is 5.5 V) of light reflected in the Z direction, shown
in FIG. 6, received at an acceptance angle of 0 degrees when
the light from the light source was emitted from 90 degree
angle of direction to the liquid crystal cell and a -30 degree
direction to the Z axis (normal line), shown in FIG. 6.
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[0202] For the measurement in the transmissive mode, the
light source, the liquid crystal cell, and the backlight were
stacked in this order and the contrast ratio was measured by
measuring the luminance of the white display (where the
applied voltage is 2.1 V) in a normally white (N/W) mode
and the luminance of a black display (where the applied
voltage is 5.1 V) of light received at an acceptance angle of
0 degrees when the light from the backlight was incident on
the liquid crystal cell and transmitted in the Z direction.

12
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[0203] From the measurement results in the transmissive
and reflective modes, the display apparatuses according to
the first to fifth examples were determined to be either
non-defective (indicated by “O” in the table) or defective
(indicated by “X” in the table). The criteria for a non-
defective apparatus are: transmittance y=30%; contrast
ratio=100; and distance from light source=0.03 (in a XY
chromaticity coordinates). When any one or more of the
criteria is not met, the apparatus is determined as being
defective. The results are shown in Table 2.

TABLE 1
First
Polarization
Plate First Phase Plate Second Phase Plate Retardation  Retardation at
Absorption Retardation Retardation  at Reflective  Transmissive
Axis ¢ Retardation Axis d Retardation Axis e Part Part
) Andgg, (nm) ©) Andgg, (nm) ) And; g (nm) Andyr (nm)
1st (p - 75%) 275 (p - 60°) 100 (p - 0°) 85 810
Example
2nd (p - 75%) 275 (p - 60°) 100 (p - 0°) 100 860
Example
3rd (p - 75%) 275 (p - 60°) 100 (p - 0°) 120 950
Example
4th (p - 75%) 265 (y - 60°) 100 (p - 0°) 140 1060
Example
Sth (p - 75°) 265 (p - 60°) 100 (p - 0°) 170 1250
Example
Second
Polarizing
Third Phase Plate Fourth Phase Plate Plate
Retardation Retardation ~ Absorption
Retardation Axis Retardation Axis g Axis h
Andgg; (nm) ® Andgg, (nm) © ©)
st 100 (p - 0°) 275 (p - 60°) (p + 15°)
Example
2nd 100 (p - 0°) 275 (p-60°)  (p+ 15
Example
3rd 100 (y - 0°) 275 (p-60°)  (y+ 159
Example
4th 100 (y - 0°) 275 (p - 60°)  (y+ 159
Example
5th 100 (y - 0°) 275 (p-60°)  (y+15°
Example
[0204]
TABLE 2
Reflective Part Transmissive Part Defective or
Contrast Distance from Contrast Distance from Non-
Reflectance  Ratio  Light Source  Reflectance  Ratio Light Source defective
1st 204 200.1 0.044 34.8 300.1 0.045 X
Example
2nd 28.8 240.3 0.038 349 400.2 0.038 X
Example
3rd 333 3204 0.021 352 500.3 0.018 O
Example
4th 334 290.7 0.028 354 480.6 0.025 @]
Example
Sth 33.6 260.8 0.033 355 448.7 0.041 X
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[0205] As apparent from the results shown in Tables 1 and
2, the display apparatuses according to the first, second, and
fifth examples were determined as defective since the And;
and And; of the liquid crystal cell were not within the
preferable range and, thus, the contrast ratio was too small.

[0206] The other apparatuses according to the third and
fourth examples were determined as non-defective since the
optical characteristics of the liquid crystal cell, the first to
fourth phase plates, and the first and second polarizing plates
were all within the preferable range and, thus, have excellent
luminance and a satisfactory contrast ratio.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer inter-
posed between a first transparent substrate and a second
transparent substrate, wherein a common electrode and
a first alignment film are stacked, in this order, on an
inner side of the first transparent substrate, a plurality
of switching elements and a plurality of pixel elec-
trodes connected to the plurality of switching elements
are disposed on an inner side of the second transparent
substrate, and a second alignment film is disposed on
the switching elements and the pixel electrodes;

a second phase plate, a first phase plate, and a first
polarizing plate stacked, in this order, on an outer side
of the first transparent substrate; and

a third phase plate, a fourth phase plate, and a second
polarizing plate stacked, in this order, on an outer side
of the second transparent substrate, wherein:

the liquid crystal cell has a plurality of pixel areas
corresponding to the pixel electrodes and the pixel
electrodes in predetermined pixel areas are reflective,
the predetermined pixel areas being a reflective part
configured to reflect incident light from the first trans-
parent substrate and pixel areas other than the prede-
termined pixel areas being a transmissive part config-
ured to pass light from the second transparent substrate
to the first transparent substrate, and

the liquid crystal cell, the first to fourth phase plates, and
the first and second polarizing plates having the fol-
lowing optical characteristics:

an axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (y+15°)-30° to
(Y+15°)+30°;

retardation (Andgg,) of the first phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis d of the first phase
plate is within the range of (Y+30°)-15° to (Y+30°)+
15°;

retardation (Andyy,) of the second phase plate is within
the range of 160 to 200 nm;

an axial direction of a retardation axis e of the second
phase plate is within the range of (+90°)-15° to
(Y +90°)+15°;

retardation (And; 1) of the transmissive part of the liquid
crystal cell is within the range of 900 to 1,100 nm;
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retardation (And; z) of the reflective part of the liquid
crystal cell is within the range of 115 to 145 nm;

retardation (Andg g ) of the third phase plate is within the
range of 160 to 200 nm;

an axial direction of a retardation axis f of the third phase
plate is within the range of (y+90°)-15° to (Y+90°)+
15%

retardation (Andy, .,) of the fourth phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis g of the fourth
phase plate is within the range of (\p+150°)-15° to
(p+150°)+15°; and

an axial direction of an absorption axis h of the second
polarizing plate is within the range of ({+75°)-30° to
(P+75°)+30°,

where the axial direction (P+N°) (N representing an
integer) represents an angle N to an alignment direction
1y of the liquid crystal, (1p+N°) represents the angle N°
to the alignment direction 1 in the counterclockwise
direction with respect to the first substrate, and (1y-N°)
represents the angle N° to the alignment direction 1 in
the clockwise direction with respect to the first sub-
strate.

2. A liquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer inter-
posed between a first transparent substrate and a second
transparent substrate, wherein a common electrode and
a first alignment film are stacked in this order on an
inner side of the first transparent substrate, a plurality
of switching elements and a plurality of pixel elec-
trodes connected to the plurality of switching elements
are disposed on an inner side of the second transparent
substrate, and a second alignment film is disposed on
the switching elements and the pixel electrodes;

a second phase plate, a first phase plate, and a first
polarizing plate stacked in this order on an outer side of
the first transparent substrate; and

a third phase plate, a fourth phase plate, and a second
polarizing plate stacked in this order on an outer side of
the second transparent substrate, wherein:

the liquid crystal cell has a plurality of pixel areas
corresponding to the pixel electrodes and the pixel
electrodes in some of the pixel areas is reflective, said
some of the pixel areas being a reflective part config-
ured to reflect incident light from the first transparent
substrate and pixel areas other than said some of the
pixel areas being a transmissive part configured to pass
light from the second transparent substrate to the first
transparent substrate, and

the liquid crystal cell, the first to fourth phase plates, and
the first and second polarizing plate having the optical
characteristics described below:

an axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (}+105°)-30° to
(p+105°)+30°;

retardation (Andgy,) of the first phase plate is within the
range of 250 to 290 nm;
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an axial direction of a retardation axis d of the first phase
plate is within the range of (+30°)-15° to (Y+30°)+
159

retardation (Andg.,) of the second phase plate is within
the range of 160 to 200 nm;

an axial direction of a retardation axis e of the second
phase plate is within the range of ({+90°)-15° to
(P+90°)+15°;

retardation (And; ) of the transmissive part of the liquid
crystal cell is within the range of 900 to 1,100 nm;

retardation (And; ) of the reflective part of the liquid
crystal cell is within the range of 115 to 145 nm;

retardation (Andy ;) of the third phase plate is within the
range of 160 to 200 nm;

an axial direction of a retardation axis f of the third phase
plate is within the range of (+90°)-15° to (Y+90°)+
159

retardation (Andg ¢,) of the fourth phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis g of the fourth
phase plate is within the range of (P+150°)-15° to
(Pp+150°)+15°; and

an axial direction of an absorption axis h of the second
polarizing plate is within the range of (Y+165°)-30° to
(Y+165°)+30°,

where the axial direction (Y+N°) (N representing an
integer) represents an angle N to an alignment direction
1 of the liquid crystal, (\y+N°) represents the angle N°
to the alignment direction 1 in the counterclockwise
direction with respect to the first substrate, and (\p-N°)
represents the angle N° to the alignment direction 1 in
the clockwise direction with respect to the first sub-
strate.

3. A liquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer inter-
posed between a first transparent substrate and a second
transparent substrate, wherein a common electrode and
a first alignment film are stacked in this order on an
inner side of the first transparent substrate, a plurality
of switching elements and a plurality of pixel elec-
trodes connected to the plurality of switching elements
are disposed on an inner side of the second transparent
substrate, and a second alignment film is disposed on
the switching elements and the pixel electrodes;

a second phase plate, a first phase plate, and a first
polarizing plate stacked in this order on an outer side of
the first transparent substrate; and

a third phase plate, a fourth phase plate, and a second
polarizing plate stacked in this order on an outer side of
the second transparent substrate, wherein:

the liquid crystal cell has a plurality of pixel areas
corresponding to the pixel electrodes and the pixel
electrodes in some of the pixel areas is reflective, said
some of the pixel areas being a reflective part config-
ured to reflect incident light from the first transparent
substrate and pixel areas other than said some of the
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pixel areas being a transmissive part configured to pass
light from the second transparent substrate to the first
transparent substrate, and

the liquid crystal cell, the first to fourth phase plates, and
the first and second polarizing plate having the optical
characteristics described below:

an axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (+165°)-30° to
(p+165°)+30°;

retardation (Andgy,) of the first phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis d of the first phase
plate is within the range of (+150°)-15° to (\y+150°)+
15°;

retardation (Andyy,) of the second phase plate is within
the range of 160 to 200 nm;

an axial direction of a retardation axis e of the second
phase plate is within the range of (P+90°)-15° to
(P+90°)+15°;

retardation (And, ) of the transmissive part of the liquid
crystal cell is within the range of 900 to 1,100 nm;

retardation (And; ;) of the reflective part of the liquid
crystal cell is within the range of 115 to 145 nm;

retardation (Andgys) of the third phase plate is within the
range of 160 to 200 nm;

an axial direction of a retardation axis f of the third phase
plate is within the range of (y+90°)-15° to (Y+90°)+
15°;

retardation (Andy, .,) of the fourth phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis g of the fourth
phase plate is within the range of (P+30°)-15° to
(Pp+30°)+15°; and

an axial direction of an absorption axis h of the second
polarizing plate is within the range of (}+105°)-30° to
(p+105°)+30°,

where the axial direction (P+N°) (N representing an
integer) represents an angle N to an alignment direction
1y of the liquid crystal, (1p+N°) represents the angle N°
to the alignment direction 1 in the counterclockwise
direction with respect to the first substrate, and (1p-N°)
represents the angle N° to the alignment direction 1 in
the clockwise direction with respect to the first sub-
strate.

4. A liquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer inter-
posed between a first transparent substrate and a second
transparent substrate, wherein a common electrode and
a first alignment film are stacked in this order on an
inner side of the first transparent substrate, a plurality
of switching elements and a plurality of pixel elec-
trodes connected to the plurality of switching elements
are disposed on an inner side of the second transparent
substrate, and a second alignment film is disposed on
the switching elements and the pixel electrodes;
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a second phase plate, a first phase plate, and a first
polarizing plate stacked in this order on an outer side of
the first transparent substrate; and

a third phase plate, a fourth phase plate, and a second
polarizing plate stacked in this order on an outer side of
the second transparent substrate, wherein:

the liquid crystal cell has a plurality of pixel areas
corresponding to the pixel electrodes and the pixel
electrodes in some of the pixel areas are reflective, said
some of the pixel areas being a reflective part config-
ured to reflect incident light from the first transparent
substrate and pixel areas other than said some of the
pixel areas being a transmissive part configured to pass
light from the second transparent substrate to the first
transparent substrate, and

the liquid crystal cell, the first to fourth phase plates, and
the first and second polarizing plate having the optical
characteristics described below:

an axial direction of an absorption axis ¢ of the first
polarizing plate is within the range of (y+75°)-30° to
(Y+75°)+30°;

retardation (Andgg,) of the first phase plate is within the
range of 250 to 290 nm;

an axial direction of a retardation axis d of the first phase
plate is within the range of ({+150°)-15° to (y+150°)+
15°;

retardation (Andyy,) of the second phase plate is within
the range of 160 to 200 nm;

an axial direction of a retardation axis e of the second
phase plate is within the range of ({+90°)-15° to
(Y+90°)+15°;

retardation (And; ) of the transmissive part of the liquid
crystal cell is within the range of 900 to 1,100 nm;

retardation (And; ) of the reflective part of the liquid
crystal cell is within the range of 115 to 145 nm;

retardation (Andg ;) of the third phase plate is within the
range of 160 to 200 nm;

an axial direction of a retardation axis f of the third phase
plate is within the range of (+90°)-15° to (Y+90°)+
159

retardation (Andg ) of the fourth phase plate is within the
range of 250 to 290 nm;

the axial direction of a retardation axis g of the fourth
phase plate is within the range of ({+30°)-15° to
(Pp+30°)+15°; and

the axial direction of an absorption axis h of the second
polarizing plate is within the range of (y+15°)-30° to
(p+15°)+30°,

where the axial direction (P+N°) (N representing an
integer) represents an angle N to an alignment direction
P of the liquid crystal, (\+N°) represents the angle N°
to the alignment direction 1) in the counterclockwise
direction with respect to the first substrate, and (\-N°)
represents the angle N° to the alignment direction  in
the clockwise direction with respect to the first sub-
strate.
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5. The liquid crystal display apparatus according to claim
1, wherein:

the transmissive part operates in a mode in which the
alignments of the first and second alignment films in
the transmissive part have horizontal alignments and
the liquid crystal molecules included the liquid crystal
layer are in a bent alignment when a voltage is applied,
and

the reflective part operates in a mode in which the one of
the first and second alignment films in the reflective
part has a perpendicular alignment, the other alignment
film has a horizontal alignment, and the liquid crystal
molecules included the liquid crystal layer are in a
hybrid alignment when a voltage is applied.

6. The liquid crystal display apparatus according to claim
1, wherein the thickness of the liquid crystal layer in the
transmissive part is twice the thickness of the liquid crystal
layer in the reflective part.

7. The liquid crystal display apparatus according to claim
1, wherein the pixel electrodes in the reflective part are
reflective pixel electrodes composed of a metal film and the
pixel electrodes in the transmissive part are transparent pixel
electrodes composed of a transparent conductive film.

8. The liquid crystal display apparatus according to claim
1, wherein a color filter is interposed between the first
transparent substrate and the common electrode, and the
color filter in the reflective part is thinner than the color filter
in the transmissive part.

9. The liquid crystal display apparatus according to claim
1, wherein a color filter is interposed between the first
transparent substrate and the common electrode, a transpar-
ent resin film is stacked on the color filter on the side facing
the liquid crystal layer in the reflective part, and the total
thickness of the color filter and the transparent resin layer in
the reflective part is the same as the thickness of the color
filter in the transmissive part.

10. The liquid crystal display apparatus according to
claim 7, wherein a sidewall of the reflective part is formed
adjacent to a periphery of the transmissive part and an angle
of inclination of the sidewall is within the range of 25° to
55°.

11. The liquid crystal display apparatus according to claim
2, wherein:

the transmissive part operates in a mode in which the
alignments of the first and second alignment films in
the transmissive part have horizontal alignments and
the liquid crystal molecules included the liquid crystal
layer are in a bent alignment when a voltage is applied,
and

the reflective part operates in a mode in which the one of
the first and second alignment films in the reflective
part has a perpendicular alignment, the other alignment
film has a horizontal alignment, and the liquid crystal
molecules included the liquid crystal layer are in a
hybrid alignment when a voltage is applied.

12. The liquid crystal display apparatus according to
claim 2, wherein the thickness of the liquid crystal layer in
the transmissive part is twice the thickness of the liquid
crystal layer in the reflective part.

13. The liquid crystal display apparatus according to
claim 2, wherein the pixel electrodes in the reflective part are
reflective pixel electrodes composed of a metal film and the
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pixel electrodes in the transmissive part are transparent pixel
electrodes composed of a transparent conductive film.

14. The liquid crystal display apparatus according to
claim 2, wherein a color filter is interposed between the first
transparent substrate and the common electrode, and the
color filter in the reflective part is thinner than the color filter
in the transmissive part.

15. The liquid crystal display apparatus according to
claim 2, wherein a color filter is interposed between the first
transparent substrate and the common electrode, a transpar-
ent resin film is stacked on the color filter on the side facing
the liquid crystal layer in the reflective part, and the total
thickness of the color filter and the transparent resin layer in
the reflective part is the same as the thickness of the color
filter in the transmissive part.

15. The liquid crystal display apparatus according to
claim 13, wherein a sidewall of the reflective part is formed
adjacent to a periphery of the transmissive part and an angle
of inclination of the sidewall is within the range of 25° to
55°.

16. The liquid crystal display apparatus according to
claim 3, wherein:

the transmissive part operates in a mode in which the
alignments of the first and second alignment films in
the transmissive part have horizontal alignments and
the liquid crystal molecules included the liquid crystal
layer are in a bent alignment when a voltage is applied,
and

the reflective part operates in a mode in which the one of
the first and second alignment films in the reflective
part has a perpendicular alignment, the other alignment
film has a horizontal alignment, and the liquid crystal
molecules included the liquid crystal layer are in a
hybrid alignment when a voltage is applied.

17. The liquid crystal display apparatus according to
claim 3, wherein the thickness of the liquid crystal layer in
the transmissive part is twice the thickness of the liquid
crystal layer in the reflective part.

18. The liquid crystal display apparatus according to
claim 3, wherein the pixel electrodes in the reflective part are
reflective pixel electrodes composed of a metal film and the
pixel electrodes in the transmissive part are transparent pixel
electrodes composed of a transparent conductive film.

19. The liquid crystal display apparatus according to
claim 3, wherein a color filter is interposed between the first
transparent substrate and the common electrode, and the
color filter in the reflective part is thinner than the color filter
in the transmissive part.

20. The liquid crystal display apparatus according to
claim 3, wherein a color filter is interposed between the first
transparent substrate and the common electrode, a transpar-
ent resin film is stacked on the color filter on the side facing
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the liquid crystal layer in the reflective part, and the total
thickness of the color filter and the transparent resin layer in
the reflective part is the same as the thickness of the color
filter in the transmissive part.

21. The liquid crystal display apparatus according to
claim 18, wherein a sidewall of the reflective part is formed
adjacent to a periphery of the transmissive part and an angle
of inclination of the sidewall is within the range of 25° to
55°.

22. The liquid crystal display apparatus according to
claim 4, wherein:

the transmissive part operates in a mode in which the
alignments of the first and second alignment films in
the transmissive part have horizontal alignments and
the liquid crystal molecules included the liquid crystal
layer are in a bent alignment when a voltage is applied,
and

the reflective part operates in a mode in which the one of
the first and second alignment films in the reflective
part has a perpendicular alignment, the other alignment
film has a horizontal alignment, and the liquid crystal
molecules included the liquid crystal layer are in a
hybrid alignment when a voltage is applied.

23. The liquid crystal display apparatus according to
claim 4, wherein the thickness of the liquid crystal layer in
the transmissive part is twice the thickness of the liquid
crystal layer in the reflective part.

24. The liquid crystal display apparatus according to
claim 4, wherein the pixel electrodes in the reflective part are
reflective pixel electrodes composed of a metal film and the
pixel electrodes in the transmissive part are transparent pixel
electrodes composed of a transparent conductive film.

25. The liquid crystal display apparatus according to
claim 4, wherein a color filter is interposed between the first
transparent substrate and the common electrode, and the
color filter in the reflective part is thinner than the color filter
in the transmissive part.

26. The liquid crystal display apparatus according to
claim 4, wherein a color filter is interposed between the first
transparent substrate and the common electrode, a transpar-
ent resin film is stacked on the color filter on the side facing
the liquid crystal layer in the reflective part, and the total
thickness of the color filter and the transparent resin layer in
the reflective part is the same as the thickness of the color
filter in the transmissive part.

27. The liquid crystal display apparatus according to
claim 24, wherein a sidewall of the reflective part is formed
adjacent to a periphery of the transmissive part and an angle
of inclination of the sidewall is within the range of 25° to
55°.
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