EP 1674 918 A1

Européisches Patentamt

European Patent Office

(19) p)

(12)

Office européen des brevets

(43) Date of publication:
28.06.2006 Bulletin 2006/26

(21) Application number: 05028241.7

(22) Date of filing: 22.12.2005

(11) EP 1674 918 A1

EUROPEAN PATENT APPLICATION

(51) IntCL:

GO2F 1/1335(2006.01) GO2F 1/13363 (2006.01)

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILT LU LV MC NL PL PT RO SE SI
SKTR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 27.12.2004 JP 2004375486
13.12.2005 JP 2005358412

(71) Applicant: ALPS ELECTRIC CO., LTD.
Tokyo 145-8501 (JP)

(72) Inventors:
¢ Oizumi, Mitsuo
Ota-ku
Tokyo 145-8501 (JP)
¢ Kano, Mitsuru
Ota-ku
Tokyo 145-8501 (JP)
* Hayashi, Yuzo
Ota-ku
Tokyo 145-8501 (JP)

(74) Representative: Klunker . Schmitt-Nilson . Hirsch
Winzererstrasse 106
80797 Miinchen (DE)

(54) Liquid crystal display apparatus

(57)  Aliquid crystal display apparatus includes a lig-
uid crystal cell, first and second phase plates and a first
polarizing plate stacked, in this order, on the outer surface
of a first transparent substrate, third and fourth phase
plates and a second polarizing plate stacked, in this or-
der, on the outer surface of a second transparent sub-
strate. 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 predetermined range.

Y
Ppon=( =75")130"

Brer=(Y-60)+15°

-

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

% h

n f’l’ Ppop=(-157)230°

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 674 918 A1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] 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.

2. Description of the Related Art

[0002] In the 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 electrodes. Each of these pixel electrodes are provided with a
switching element. In this way, each pixel electrode can be reliably switched. Consequently, alarge-size display apparatus
having high resolution can be provided.

[0003] Recently, there has been a need for display apparatuses 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-circuiting
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.

[0004] 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.

[0005] Lately, a liquid crystal display apparatus that is capable of operating in an optical compensated birefringence
(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.

[0006] Also, lately, as described in Japanese Unexamined Patent Application Publication No. 9-146086, a mode similar
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 perpendicular alignment.

SUMMARY OF THE INVENTION

[0007] Inasemi-transmissive liquid crystal display apparatus constituted of a reflective liquid crystal display apparatus
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 functions 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 aresult, the display contrast between the transmissive area and the reflective area in each pixel becomes great.
[0008] 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.

[0009] To solve the above-identified problems, a liquid crystal display apparatus according to an embodiment of the
present invention has the structure described below.

[0010] 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 transparent
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 elements 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
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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 electrodes 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.

[0011] As a first combination, a liquid crystal display apparatus according to an embodiment has the following optical
characteristics:

axial direction of an absorption axis c of the first polarizing plate is within the range of (y+15°)-30° to (y+15°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

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

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;

retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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 (Andgg,4) of the fourth phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis g of the fourth phase plate is within the range of (y+150°)-15° to (y+150°)+15°; and
axial direction of an absorption axis h of the second polarizing plate is within the range of (y+75°)-30° to (y+75°)+30°.

[0012] As a second combination, a liquid crystal display apparatus according to an embodiment has the following
optical characteristics:

axial direction of an absorption axis c of the first polarizing plate is within the range of (y+105°)-30° to (y+105°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

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

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;

retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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 (Andgg,4) of the fourth phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis g of the fourth phase plate is within the range of (y+150°)-15° to (y+150°)+15°; and
axial direction of an absorption axis h of the second polarizing plate is within the range of (y+165°)-30° to (y+165°)
+30°.

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

axial direction of an absorption axis c of the first polarizing plate is within the range of (y+165°)-30° to (y+165°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis d of the first phase plate is within the range of (y+150°)-15° to (y+150°)+15°;
retardation (Andrg,) of the second phase plate is within the range of 160 to 200 nm;

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;

retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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 (Andrg,4) of the fourth phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis g of the fourth phase plate is within the range of (y+30°)-15° to (y+30°)+15°; and
axial direction of an absorption axis h of the second polarizing plate is within the range of (y+105°)-30° to (y+105°)
+30°.
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[0014] As afourth combination, a liquid crystal display apparatus according to an embodiment has the following optical
characteristics:

axial direction of an absorption axis c of the first polarizing plate is within the range of (y+75°)-30° to (y+75°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis d of the first phase plate is within the range of (y+150°)-15° to (y+150°)+15°;
retardation (Andgg,) of the second phase plate is within the range of 160 to 200 nm;

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;

retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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 (Andgg,4) 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 (y+30°)-15° to (y+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 (y+15°)
+30°.

[0015] The axial direction (y+N°) (N representing an integer) represents an angle N to an alignment direction  of the
liquid crystal, (y+N°) represents the angle N° to the alignment direction y in the counterclockwise direction with respect
to the first substrate, and (y-N°) represents the angle N° to the alignment direction y in the clockwise direction with
respect to the first substrate.

[0016] 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 transmissive 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.

[0017] In the above-described liquid crystal display apparatus 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 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.

[0018] According to the above-described structure, the transmissive part operates in an OCB mode and the reflective
part operates in a mode similar to an OCB mode. Therefore, a liquid crystal display apparatus capable of fast response
can be provided.

[0019] In the above-described liquid crystal display apparatus 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.

[0020] 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.

[0021] Inthe 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.

[0022] 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 partis thinner than the color filter in the transmissive 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.

[0023] 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.

[0024] Accordingly, inthe presentinvention, the above-described structure is employed so as to prevent the generation
of unevenness in color in the transmissive part and the reflective part to make the contrast and luminance constant.
[0025] 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.
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[0026] 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.

[0027] 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.
[0028] 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°.

[0029] 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.

[0030] According to an embodiment of the present invention, a liquid crystal display apparatus having uniform lumi-
nance and even colors can be provided by optimizing the optical characteristics of the liquid crystal cell, the polarizing
plates, and the phase plates.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

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

Fig. 2 is a cross-sectional view of a liquid crystal cell included in the liquid crystal display apparatus according to an
embodiment of the present invention;

Fig. 3 is a plan view of an example of the arrangement of TFTs and pixel electrodes of the liquid crystal cell;

Fig. 4 is a plan view of an example the arrangement of pixel electrodes of the liquid crystal cell;

Fig. 5 is a schematic view of an example of a color filter included in the liquid crystal cell;

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;

Fig. 7 is a plan view of the arrangements of a first combination of an absorption axis c 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;

Fig. 8 is a plan view of the arrangements of a second combination of an absorption axis c 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;

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;

Fig. 10 is a plan view of the arrangements of a fourth combination of an absorption axis c 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;

Fig. 11 is a perspective view of the shape of depressions of a reflective body included the liquid cell; and

Fig. 12 is a schematic view of the cross-sectional shape of the depressions shown in Fig. 11.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] 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 viewable.

[0033] 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
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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.

[0034] 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.

[0035] 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 substrate)
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.

[0036] The pixel electrode 11 includes a transmissive pixel electrode 11a stacked on the substrate 6 and a reflective
pixel electrode 11b including an insulating film 20a and the reflective body 20. The transmissive pixel electrode 11a and
the reflective pixel electrode 11b are connected to the switching elements 10.

[0037] 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 polarizing
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.

[0038] The semi-transmissive liquid crystal display apparatus A is operated in a reflective mode in which the backlight
4 is not illuminated when sufficient outside light is available and is operated in a transmissive mode in which the backlight
4 is illuminated when sufficient outside light is not available.

[0039] Theliquid crystal display apparatus according to this embodiment of the presentinvention operates in areflective
OCB (R-OCB) mode when in a reflective mode and operates in an OCB mode when in a transmissive mode.

[0040] In the reflective mode, light incident on the first polarizing plate H1 is linearly polarized. The linearly polarized
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.

[0041] 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.

[0042] 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 11b) 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.

[0043] 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.

[0044] 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 semicon-
ductor 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 semiconductor layer 16.

[0045] One ofthe transmissive pixel electrodes 11a (pixel electrodes 11) composed of a transparent electrode material,
such as indium tin oxide (ITO), is provided in each rectangular area defined by the scanning lines 7 and the signal lines
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 11ais 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 11c¢ of the transmissive pixel electrode 11a. As shown
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in Fig. 3, the length of the transmissive pixel electrode 11ais 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 11ais a
fraction of the width of the rectangular area.

[0046] The substrate 6 is composed of a transparent insulating 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 (SiO,) 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.

[0047] 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
opposite to each other in a manner such that the i-type semiconductor 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.
[0048] 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 (P),

[0049] 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 11b (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
11b constitute the reflective body 20.

[0050] The reflective pixel electrodes 11b are provided on the insulating film 20a so that the size of the reflective pixel
electrodes 11b 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 the top, the reflective pixel electrodes 11b are arranged in
a matrix so that predetermined gaps are provided between the reflective pixel electrodes 11b in so as to prevent short-
circuiting. More specifically, the reflective pixel electrodes 11b are disposed so that their sides are parallel to the scanning
lines 7 and the signal lines 8 disposed below the reflective pixel electrodes 11b. 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.

[0051] 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 protection 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.

[0052] 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 11b,
in an area corresponding to the depression 22. The depression 22 is formed by removing most of the insulating film 20a
in the area corresponding to the depression 22 in the depth direction so that a coating layer 20b 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 11a so that the depression 22 and the transmissive pixel electrodes 11a correspond to each other when
viewed from the top.

[0053] 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 11b 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 reflecting incident light from the opposing substrate 3.

[0054] Since one pixel electrode 11 (11a or 11b) substantially 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
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positions corresponding to the through-holes.

[0055] Conductive parts 25 composed of conductive material are provided at the contact holes 21 formed in the
insulating film 20a. The reflective! pixel electrodes 11b and the source electrodes 17 disposed at the lower layer of the
insulating film 20a are electrically connected via the conductive parts 25. Hence, the source electrodes 17 are electrically
connected to both the transmissive pixel electrodes 11a and the reflective pixel electrodes 11b.

[0056] Onthe 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 carried 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 alignment 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.

[0057] 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° orless. According to this structure, lightis 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 angel 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 22e is 40°.

[0058] 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.

[0059] 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.

[0060] 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 11b). 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.

[0061] 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 42c provided as a single unit with the
reflective color filter 42a disposed on the transmissive part 30. The thickness of the reflective color filter 42a is one-half
of the thickness of the transparent color filter 42c. The total thickness of the reflective color filter 42a and the transparent
resin layer 42b is substantially the same as the thickness of the transparent color filter 42c. In this way, the surface of
the color filter 42 on the side of the liquid crystal layer 5 is substantially flat.

[0062] 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 carried out on the transmissive part 30 of the alignment film 44
and the reflective part 35 of the alignment film 44.

[0063] 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.

[0064] The semi-transmissive liquid crystal display apparatus 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
thickness dj 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.

[0065] Next, the optical characteristics of the semi-transmissive liquid crystal display apparatus A according to this
embodiment will be described.

[0066] First, the optical characteristics of the liquid crystal cell 1 will be described.

[0067] The liquid crystal layer 5 is constituted of liquid crystal molecules that are in a nematic state at normal temper-
ature.
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[0068] 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 29a 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 voltage, the pretilt angle of the liquid crystal molecules on the alignment
film 44 and in the vicinity of the transmissive alignment film 29a is gradually increased in accordance with the applied
voltage. In this way, hierarchical display is possible, As described above, the transmissive parts 30 of the liquid crystal
display apparatus according to this embodiment operates in an OCB mode.

[0069] 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 horizontal
alignment (with a pretilt of 3° to 8°), the liquid crystal molecules in the vicinity of the reflective alignment film 29b 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, hierarchical 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).

[0070] The alignment direction of the liquid crystal molecules 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.

[0071] 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 Angg, of
the first phase plate H2, the wavelength dispersion of the double refraction Angg, of the second phase plate H3, wave-
length dispersion of the double refraction Angg5 of the third phase plate H4, and the wavelength dispersion of the double
refraction Angg5 of the fourth phase plate H5 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 Angg4, ANggy, Anggs, @and Anggy can be
changed by changing the materials used for the phase plates.

[0072] As shown in Figs. 6 and 7, it is preferable to set the alignment direction (rubbing direction) a of the alignment
film 44 of the transmissive part 30 and the reflective part 35 and the alignment direction (rubbing direction) b of the
transmissive alignment film 29a of the transmissive part 30 parallel to each other so that the direction corresponds to
the alignment direction of the liquid crystal molecules. Itis preferable that the alignment direction of the reflective alignment
film 29b of the reflective part 35 is the perpendicular direction. As shown in Figs. 6 and 7, the alignment directions a and
b are the same as the alignment direction y 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 H6.
[0073] The value of retardation And, 1 that is obtained by multiplying the double refraction An 1 of the transmissive
part 30 of the liquid crystal cell 1 and the thickness d (d3) of the liquid crystal layer 5 is within the range of 900 to 1,100
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.

[0074] The value of retardation And, g 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| g is not within this range, it is not preferable
because the white display is darkened or the contrast is reduced.

[0075] Next, the optical characteristics of the phase plates H2, H3, H4, and H5 and the polarizing plates H1 and H6
will be described.

[0076] Inthe 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 H6. The combinations
will be described below.

[0077] Here, y+N° 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 y of the liquid crystal layer. In other words, y+N° represents
that the axis has been rotated counterclockwise by N° from the alignment direction y when viewed from one of the
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substrates. Furthermore, y-N° represents that the axis has been rotated clockwise by N° from the alignment direction
¢ when viewed from the other substrate.

[0078] Moreover, (y=N°)+n° represents an angle obtained by rotating the axis by n° in the counterclockwise direction,
whereas y=N° represents an angle obtained by rotating the axis by n° in the clockwise direction.

[First Combination]

[0079] 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.

[0080] The retardation Andgg4 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 Andgrg4 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0081] As shown in Figs. 6 and 7, the retardation axis d of the first phase plate H2 is set so that the angle ¢gg4 to the
alignment direction v is within the range of (y+30°)-15° to (y+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.

[0082] The retardation Andgg, 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 reflective mode.

[0083] As shownin Figs. 6 and 7, the retardation axis e of the second phase plate H3 is set so that the angle ¢, to
the alignment direction v is within the range of (y+90°)-15° to (y+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.

[0084] The retardation Andgg; 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 Andgg5 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0085] As shown in Figs. 6 and 7, the retardation axis f of the third phase plate H4 is set so that the angle ¢rf; to the
alignment direction v is within the range of (y+90°)-15° to (y+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.

[0086] The retardation Andgg, 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 Andgg, is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0087] As shown in Figs. 6 and 7, the retardation axis g of the fourth phase plate H5 is set so that the angle ¢gg4 to
the alignment direction vy 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.

[0088] As shown in Figs. 6 and 7, the absorption axis ¢ of the first polarizing plate H1 is set so that the angle Ppoi1 tO
the alignment direction v is within the range of (y+15°)-30° to (y+15°)+30° when viewed from the incident direction of
light. If the angle of the absorption axis c 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.

[0089] As shownin Figs. 6 and 7, the absorption axis h of the second polarizing plate H6 is set so that the angle ¢y
to the alignment direction v is within the range of (y+75°)-30° to (y+75°)+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.

[Second Combination]

[0090] Asthe 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 retardation axes match the stretching direction.

[0091] The retardation Andgg4 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 Andgrg4 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0092] Asshownin Fig. 8, the retardation axis d of the first phase plate H2 is set so that the angle ¢rg4 to the alignment
direction y is within the range of (y+30°)-15° to (y+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
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transmissive mode and the reflective mode.

[0093] The retardation Andgg, 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 Andgp, is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0094] As shown in Fig. 8, the retardation axis e of the second phase plate H3 is set so that the angle ¢gg, to the
alignment direction v is within the range of (y+90°)-15° to (y+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.

[0095] The retardation Andgg5 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 Andgg4 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0096] Asshown in Fig. 8, the retardation axis f of the third phase plate H4 is set so that the angle @gg5 to the alignment
direction y is within the range of (y+90°)-15° to (y+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.

[0097] The retardation Andgg, 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 Andgg, is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0098] As shown in Fig. 8, the retardation axis g of the fourth phase plate H5 is set so that the angle ¢rg,4 to the
alignment direction v 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.

[0099] As shown in Fig. 8, the absorption axis c of the first polarizing plate H1 is set so that the angle Ppoi1 tO the
alignment direction v 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.

[0100] As shown in Fig. 8, the absorption axis h of the second polarizing plate H6 is set so that the angle Ppoi2 tO the
alignment direction v 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 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]

[0101] Asthe 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 retardation axes match the stretching direction.

[0102] The retardation Andgg4 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 Andgg4 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0103] Asshownin Fig. 9, the retardation axis d of the first phase plate H2 is set so that the angle ¢rf4 to the alignment
direction v 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 d is not within this range, a high contrast ratio or high luminance cannot be obtained in the
transmissive mode and the reflective mode.

[0104] The retardation Andgg, 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 Andgp, is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0105] As shown in Fig. 9, the retardation axis e of the second phase plate H3 is set so that the angle ¢gg, to the
alignment direction v is within the range of (y+90°)-15° to (y+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.

[0106] The retardation Andgg5 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 Andgg5 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0107] Asshownin Fig. 9, the retardation axis f of the third phase plate H4 is set so that the angle ¢g5 to the alignment
direction y is within the range of (y+90°)-15° to (y+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.

[0108] The retardation Andgg, of the fourth phase plate H5 is within the range of 250 to 290 nm (where the measured
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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 reflective mode.

[0109] As shown in Fig. 9, the retardation axis g of the fourth phase plate H5 is set so that the angle ¢rp,4 to the
alignment direction v is within the range of (y+30°)-15° to (y+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.

[0110] As shown in Fig. 9, the absorption axis c of the first polarizing plate H1 is set so that the angle Ppoit tO the
alignment direction v 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.

[0111] As shown in Fig. 9, the absorption axis h of the second polarizing plate H6 is set so that the angle Ppol2 tO the
alignment direction v 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 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]

[0112] Asthe 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 retardation axes match the stretching direction.

[0113] The retardation Andgg4 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 Andgrg4 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0114] As shown in Fig. 10, the retardation axis d of the first phase plate H2 is set so that the angle ¢gg, to the
alignment direction v 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 d is not within this range, a high contrast ratio or high luminance cannot be
obtained in the transmissive mode and the reflective mode.

[0115] The retardation Andg, 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 reflective mode.

[0116] As shown in Fig. 10, the retardation axis e of the second phase plate H3 is set so that the angle ¢gg, to the
alignment direction v is within the range of (y+90°)-15° to (y+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.

[0117] The retardation Andgg5 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 Andgg5 is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0118] As shown in Fig. 10, the retardation axis f of the third phase plate H4 is set so that the angle ¢rg5 to the
alignment direction v is within the range of (y+90°)-15° to (y+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.

[0119] The retardation Andgg, 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 Andgg, is not within this range, a high contrast ratio or high luminance cannot
be obtained in the transmissive mode and the reflective mode.

[0120] As shown in Fig. 10, the retardation axis g of the fourth phase plate H5 is set so that the angle ¢gg, to the
alignment direction v is within the range of (y+30°)-15° to (y+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.

[0121] As shown in Fig. 10, the absorption axis ¢ of the first polarizing plate H1 is set so that the angle ¢4 to the
alignment direction v is within the range of (y+75°)-30° to (y+75°)+30° when viewed from the incident direction of light.
If the angle of the absorption axis c 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.

[0122] As shown in Fig. 10, the absorption axis h of the second polarizing plate H6 is set so that the angle Ppol2 tO the
alignment direction v is within the range of (y+15°)-30° to (y+15°)+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.

[0123] Next, details of the reflective body 20 will be described.

[0124] As shown in Figs. 2 and 11, at positions corresponding to pixel areas on the surface of the insulating film 20a
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constituting the reflective body 20, a plurality of depressions 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 predetermined
surface depression pattern 28 to the reflective pixel electrodes 11b so as to partially disperse light incident on the liquid
crystal panel by the plurality of depressions 27 formed on the reflective pixel electrodes 11b. In this way, diffuse reflection
of light is possible for obtaining a brighter display 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 connected at
the side of the opening.

[0125] 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 11b 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 depressions 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 moire caused of the alignment of the
depressions 27.

[0126] To facilitate production, the diameter of each of the depressions 27 is set to 5 to 100 um. The depth of each
of the depressions 27 is set to 0.1 to 3 pm.

[0127] In the plan view of Fig. 4, the depressions 27 are not shown on the reflective pixel electrodes 11b 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 11b, the depressions 27 are illustrated in dotted lines in one of the pixels shown
in Fig. 4.

[0128] Here, the "depth of the depressions 27" refers to the distance from the surface of the reflective pixel electrodes
11b 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 6g of the inner surfaces of the depressions 27" refers to the angle 6g 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 69 to the surface of the substrate 6), as shown in Fig. 12. The angle 6g is positive or negative with
respect to a normal line extending perpendicularly from an area on the surface of the reflective pixel electrodes 11b
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.

[0129] As described above in detail, the optical characteristics of the liquid crystal cell 1, the phase plates H2, H3, H4,
and H5, and the polarizing plates H1 and H6 of the semi-transmissive liquid crystal display apparatus A according to
this embodiment are set within the above-mentioned ranges. Therefore, the semi-transmissive liquid crystal display
apparatus A has a high contrast ratio and high luminance in the transmissive and reflective modes.

[0130] 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.

[0131] 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 42c 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.

[0132] Since the,transparent resin layers 42b in the reflective parts 35 and the transparent color filters 42c 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.

[0133] Since the thickness d, of the liquid crystal layer 5 in the reflective part 35 is twice the thickness ds 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

[0134] 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.

[0135] The display characteristics of the semi-transmissive liquid crystal display apparatus illustrated in Figs. 1 to 12
in a reflective mode and a transmissive mode were studied.

[0136] As the upper and lower alignment films constituting the liquid crystal cell, PIA-5560 (product of Chisso Corpo-
ration) 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 Petro-
chemical Corporation) was used. The first to fourth phase plates were composed of Zeonor.

[0137] A reflective body was prepared by curing an acrylic-based photosensitive resin substrate (resin substrate for
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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 aluminum (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.

[0138] The angles of And| g and And, 1 of the liquid crystal cell (measured wavelength 589 nm), Andgg4 to Andgg, 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
v and the angle of the absorption axes ¢ and g of the first and second polarizing plates to the alignment direction y were
set as shown in Table 1 below (first to fifth examples).

[0139] 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 reflective and transmissive modes were measured.

[0140] 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.

[0141] 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.

[0142] 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.
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Table 2
Reflective Part Transmissive Part Defective or
Reflectance | Contrast Distance Reflectance | Contrast Distance lc;lofn- i
Ratio from Light Ratio from Light elective
Source Source

1st 204 200.1 0.044 34.8 300.1 0.045 X
Example
2nd 28.8 240.3 0.038 34.9 400.2 0.038 X
Example
3rd 33.3 3204 0.021 35.2 500.3 0.018 (0]
Example
4th 334 290.7 0.028 35.4 480.6 0.025 (0]
Example
5th 33.6 260.8 0.033 35.5 448.7 0.041 X
Example

[0143] 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, g and And, 1 of the liquid crystal cell were not within the
preferable range and, thus, the contrast ratio was too small.
[0144] 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.

Claims

1. Aliquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer interposed 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 the
inner side of the first transparent substrate, a plurality of switching elements 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, 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 transparent substrate and pixel areas excluding the predetermined 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 plates having the
following optical characteristics:

axial direction of an absorption axis ¢ of the first polarizing plate is within the range of (y+15°)-30° to (y+15°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

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

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;
retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

axial direction of a retardation axis f of the third phase plate is within the range of (y+90°)-15° to (y+90°)+15°;
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retardation (Andgg,) of the fourth phase plate is within the range of 250 to 290 nm;

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

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

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

2. Aliquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer interposed 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 the
inner side of the first transparent substrate, a plurality of switching elements 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, 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 configured 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 sub-
strate, and

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

axial direction of an absorption axis c of the first polarizing plate is within the range of (y+105°)-30° to (y+105°)
+30°%;

retardation (Andrg4) of the first phase plate is within the range of 250 to 290 nm;

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

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;
retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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

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

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 y
of the liquid crystal, (y+N°) represents the angle N° to the alignment direction y in the counterclockwise direction
with respect to the first substrate, and (y-N°) represents the angle N° to the alignment direction y in the clockwise
direction with respect to the first substrate.

3. Aliquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer interposed 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 the
inner side of the first transparent substrate, a plurality of switching elements 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
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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 configured 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 sub-
strate, and

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

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

retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis d of the first phase plate is within the range of (y+150°)-15° to (y+150°)+15°;
retardation (Andgg,) of the second phase plate is within the range of 160 to 200 nm;

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;
retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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

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

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

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

4. Aliquid crystal display apparatus comprising:

a liquid crystal cell including a liquid crystal layer interposed 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 the
inner side of the first transparent substrate, a plurality of switching elements 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, 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 configured 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 sub-
strate, and

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

axial direction of an absorption axis ¢ of the first polarizing plate is within the range of (y+75°)-30° to (y+75°)+30°;
retardation (Andgg4) of the first phase plate is within the range of 250 to 290 nm;

axial direction of a retardation axis d of the first phase plate is within the range of (y+150°)-15° to (y+150°)+15°;
retardation (Andgg,) of the second phase plate is within the range of 160 to 200 nm;

axial direction of a retardation axis e of the second phase plate is within the range of (y+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;
retardation (And| g) of the reflective part of the liquid crystal cell is within the range of 115 to 145 nm;
retardation (Andgg3) of the third phase plate is within the range of 160 to 200 nm;

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 (Andgg,4) 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 (y+30°)-15° to (y+30°)
+15°; and
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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°,

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

The liquid crystal display apparatus according to one of Claims 1 to 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.

The liquid crystal display apparatus according to one of Claims 1 to 5, 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.

The liquid crystal display apparatus according to one of Claims 1 to 6, 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.

The liquid crystal display apparatus according to one of Claims 1 to 7. 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.

The liquid crystal display apparatus according to one of Claims 1 to 8, wherein a color filter is interposed between
the first transparent substrate and the common electrode, 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.

The liquid crystal display apparatus according to any of Claims 7 to 9, wherein 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°.

19



FIG. 1

EP 1674 918 A1

)\

J

~ 45
N 2
L, 1‘

, 3
zezezew |
N\
L7

AN

/ l";'!i:
A1
NN
~‘\f|“h“|;\
N
Q:,;’I'q.:g
S NN
A
NN
SHINA-
N "i;u’:\\
‘\ 1A >
NN
Wl
3/\5511“1“ N
N/
M *
N |’}||5\\
AT
NN

=~

s~EZ
¢

M
45/\_

20



FIG. 2

EP 1674 918 A1

™
—_—— a2 8 8
> 3
i A 1\
,l"’ :/”' ]‘ lllll!ll :

' \:; I"hiilgfl;,'”,lll | / &
ARl LR— S
SNV Hp =
S 0 g
‘,\:,I. ‘[‘IJlglllh:lII“»'!ul &

S \\/'m"l;l FT T i M~
| , ll ' & ll.
N\t ,||.1 Lilh 3 1 g {4
\\’ﬁ'l"','s'u&"!u"' NS Y
Bvy/ ;,l;lil';ll,u.i' N Y
PGNNNESN IEN
’E/,fl,i."ﬁ | VN
N )

[ = N
AN NI =
A7 ;\' e

1] AR
’Qjﬂi"?‘”"ﬁ! ‘1\5 RN/l
VN ) e
s Zee o
VIV
VTN o 1o
'tfll”‘llll.“b”{lf SN~
VNS AN NI A
TN e
./ , I”l ||l f\§-= ok
N |:|l' 1 NANNT o
\/l ~ ANV A ’:

:; [ \}“' A
N AN
- —e0 | B < I
Q - & § & “3*‘“’::":’
N




EP 1674 918 A1

FIG. 3
17 17a 18 172 11a 7
T ([t
Ny ¥ } )
18t 11 [ M 2tk
gt )
._ | 10
19— | ~11a
8\-/4" 7
'/ \
4 =
/J
13 | 13
10 |
Me—r ™7 ~+~11a
1 T8 18
Y

22



EP 1674 918 A1

18 . 10 o
-’r-.s ! J R L ! ( Lol L
cosecadedieat, pedpeemmenes RN (R S U 4t~ s =
: *:;l‘ :I'):;f"} .‘\= E' ’: """" H )- H r;;_- -.I.l...-.:‘}
13 [Ty 0 ey HIt
Shpehy bl Ry
' ,l-" v : E E ! re
: """"" 1 i. 5 i i r"\.../23
107 44 Il 1/
LY it 1
R 1 ' A~ 112
11+~
Na—y—"71" ]

113\_/5'\

W 1™

23




EP 1674 918 A1

FIG. &

f427
sllellrl]al|]B]|]|rR T4
428
BENC B RI| @G B R
21—~
425" e
G BI|RI[Ilec]|]|B]||R
428 Tl
QR—TT—H_ I}
ISR S ECUSSUN W SN I PRIV N PR i .
428" ~—"
c|(|B||R|la]||[B]|]|R

24



EP 1674 918 A1

Y
Andgg1=250 TO 290nm S poiy=(3h =75730°

brr1=(V-60")215°

Andi1=225 TO 290nm
Andir=115TO 145nm

-
Yoo
-
s,
-
.

Andrp3=165 TO 185nm

Andrrs=250.TO 290nm

=

h Tw Prop=(-15)£30°

25



EP 1674 918 A1

FIG. 7 (+60°)

J

®rea, Prrs - b(ab)

FIG. 8

W+75%)
[ abe07)

26



EP 1674 918 A1

FIG. 9

W+75°)
! (+607)

4
’
¢

! /
‘l

;
7/ cdh

. (W +16°
¢POM —é‘f """ ( )
»(a,b)
$rra, Prea
efh
\\
g 13

FIG. 10 (@+0°)

27



EP 1674 918 A1

11b

FIG. 12

11 g=070-1¢ 9,=0 TO +18°

27

\ 'td

28



N

EPO FORM 1503 03.82 (P04C01)

9

EP 1674 918 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 05 02 8241

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A EP 1 326 129 A (MATSUSHITA ELECTRIC 1-10 GO2F1/1335
INDUSTRIAL CO., LTD) GO2F1/13363
9 July 2003 (2003-07-09)
* paragraph [0054] - paragraph [0056] *
* paragraph [0067] *
A LIM Y J ET AL: "P-105: A Single-Cell-Gap |[1-5
Transflective Display"
25 May 2004 (2004-05-25), 2004 SID
INTERNATIONAL SYMPOSIUM. SEATTLE, WA, MAY
25 - 27, 2004, SID INTERNATIONAL
SYMPOSIUM, SAN JOSE, CA : SID, US, PAGE(S)
662-665 , XP007012142
* figure 3 *
A US 20047032555 Al (JIN HYUN SUK ET AL) 1-10
19 February 2004 (2004-02-19)
* paragraph [0034] - paragraph [0035] *
A PATENT ABSTRACTS OF JAPAN 1-4
vol. 2003, no. 08, TECHNICAL FIELDS
6 August 2003 (2003-08-06) SeARcrEp 9
-& JP 2003 121848 A (SHARP CORP), GO2F
23 April 2003 (2003-04-23)
* abstract; figure 1 *
P,A |SEONG-RYONG LEE ET AL: "P-114: Design of |(1-4
a Transflective LCD in the OCB Mode"
2005 SID INTERNATIONAL SYMPOSIUM. BOSTON,
MA, MAY 24 - 27, 2005, SID INTERNATIONAL
SYMPOSIUM, SAN JOSE, CA : SID, US,
24 May 2005 (2005-05-24), pages 734-737,
XP007012539
* the whole document *
_/ -
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 7 March 2006 Diot, P
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Atechnological background e e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

29




no

EPO FORM 1503 03.82 (P04C01)

D)

EP 1674 918 A1

European Patent
Office

EUROPEAN SEARCH REPORT Application Number

EP 05 02 8241

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant CLASSIFICATION OF THE
to claim APPLICATION (IPC)

A

LEE S H ET AL: "A MULTIMODE-TYPE
TRANSFLECTIVE LIQUID CRYSTAL DISPLAY USING
THE HYBRID-ALIGNED NEMATIC AND
PARALLEL-RUBBED VERTICALLY ALIGNED MODES"
JAPANESE JOURNAL OF APPLIED PHYSICS, JAPAN
SOCIETY OF APPLIED PHYSICS, TOKYO, JP,
vol. 42, no. 8, PART 1,

August 2003 (2003-08), pages 5127-5132,
XP001191437

ISSN: 0021-4922

* figure 5 *

US 20047125323 Al (PARK KU-HYUN ET AL)

1 July 2004 (2004-07-01)

* paragraph [0041] - paragraph [0054] *

The present search report has been drawn up for all claims

1-10

1-4

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 7 March 2006

Examiner

Diot, P

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

30




EPO FORM P0459

EP 1674 918 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 05 02 8241

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-03-2006
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1326129 A 09-07-2003 CN 1392964 A 22-01-2003
WO 0229482 Al 11-04-2002
US 2002171792 Al 21-11-2002

US 2004032555 Al 19-02-2004  NONE

JP 2003121848 A 23-04-2003  NONE

US 2004125323 Al 01-07-2004 CN 1512238 A 14-07-2004
DE 10343561 Al 22-07-2004
JP 2004212938 A 29-07-2004

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

31



THMBW(EF)

PRI E (R FIR) A (R
RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH 35

S EREEEE

BEX)

BRERRE

EP1674918A1 NFF(RE)R

EP2005028241 FER
PR B HT SRR 24t

ALPS ELECTRIC CO. , LTD.

ONANOVICHEH 3/~ 7 , BREFELF

OIZUMI MITSUO
KANO MITSURU
HAYASHI YUZO

OIZUMI, MITSUO
KANO, MITSURU
HAYASHI, YUZO

GO02F1/1335 G02F1/13363
GO02F1/133555 G02F1/133371 G02F1/13363 G02F1/1395

2005358412 2005-12-13 JP
2004375486 2004-12-27 JP

Espacenet

FIG. 6

—MERERRE , S RBEERT , F—NE-HANR , ARE—R
iR, REBESE —ERAERNAREL , B=MEEECRMNE=

fmiRiRHE B

Andrr1=250 TO 290nm

% B rr1=(W—6C £15°
— BRI EESEHERNARE L, RSET e

Andrr2=80 TO 140nm

F—EEMEAMARUARE - NE IR AZHEREETETE

Mo

patsnap

2006-06-28

2005-12-22

é

—
cl
d’von—(w 757307

D rez=1 15
~w

And r=225 TO 290nm
Andir=115 TO 145nm =

Z

\

Andrra=168 TO 195nm
P mra=1b 15"
“‘

Andrrs=250.TO 290nm

¢R,=4_(w +607 ) 15"

B poz=( — 1673230


https://share-analytics.zhihuiya.com/view/db5565ac-bcae-43d7-9ddd-b53e7dfb3def
https://worldwide.espacenet.com/patent/search/family/035911151/publication/EP1674918A1?q=EP1674918A1

