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(57) ABSTRACT

In each picture element region, a first electrode provided on
one side of the first substrate that is closer to the liquid crystal
layer includes a plurality of sub-electrodes, whereby the lig-
uid crystal layer forms a liquid crystal domain taking a radi-
ally-inclined orientation above each sub-electrode by an
inclined electric field produced around the sub-electrode. The
second substrate includes a stepped portion including an
upper tier located in the reflection region, a lower tier located
in the transmission region and a side surface connecting the
upper tier and the lower tier to each other, the side surface of
the stepped portion being located in the reflection region and
covered by the second electrode. The plurality of sub-elec-
trodes are arranged in a line in a column direction D2, and
picture elements that are adjacent to each other in a row
direction D1 are driven with voltages of opposite polarities in
each frame.




Patent Application Publication  Oct. 30,2008 Sheet 1 of 33 US 2008/0266499 A1

100

Ve

14a

REFLECTION
REGION R

l14a

=)
ro
S S
TRANSMISSION
REGIONT

REFLECTION
< REGIONR

FIG. 1B 100

en . 7
10003 10002 " }22
' ! — O30
T 000000 00N —
1000 0 0 0000000 00 TT G~
| \ i

14a 15 14a 14a



Patent Application Publication  Oct. 30,2008 Sheet 2 of 33 US 2008/0266499 A1

FIG.2

D2~_| + ——+




Patent Application Publication  Oct. 30, 2008 Sheet 3 of 33 US 2008/0266499 A1
FIG.3A 4100
| —~21
n . REREHS LS 22}10013
u 0 0 0 0 E 30a
; : AR
in) N Wi EQ
W W }mOa
\ I TN
15 14a EG EG 11
FIG.3B
SA SA sA S 100




Patent Application Publication  Oct. 30,2008 Sheet 4 of 33 US 2008/0266499 A1




Patent Application Publication  Oct. 30,2008 Sheet 5 of 33 US 2008/0266499 A1

15

°__ 14a

FIG.5A .

15
14a

| F] G.5B 30a

15

14a

FIG.5C ¢ ‘ 302




Patent Application Publication  Oct. 30,2008 Sheet 6 of 33 US 2008/0266499 A1

FIG.6B \Qé-






........ ks






t. 30,2008 Sheet 10 of33  US 2008/0266499 A1

Oc

ent Application Publication

- FIG.10

15

14a
7

///

AN L

2/
7N

7//

SOOI SIAN

s

I,

% U

4] —

D2~



- FIGII

7

N

L7 i
AR a AN \Aﬂhﬂ“nﬂn/

,,,,,,,, —

///%//%

D2

%/%/%//



US 2008/0266499 A1

Oct. 30,2008 Sheet 12 of 33

Patent Application Publication

FIG. 12

~14a




Patent Application Publication  Oct. 30,2008 Sheet 130f33  US 2008/0266499 A1

FIG.13A

~—FQ

| 714a | 15)® 14a
| $ 100a

42

- )




Patent Application Publication  Oct. 30,2008 Sheet 14 0f33  US 2008/0266499 A1

. FIG.13B

42




Patent Application Publication  Oct. 30,2008 Sheet 150f33  US 2008/0266499 A1

FIG 14A | FIG. 14B

D1 D1
+ =+ + =1+ |-
+{—=+]— + =+
Dz pz-|
+i—+|— S el el
anl Bl el e =+t
FIG.14C
D1
L
—I—f+—
— |+ |—+

D2Vi |
=] -







Patent Application Publication  Oct. 30,2008 Sheet 170f33  US 2008/0266499 A1

1100
FIG.16 o ‘
= ' ' 1} 1100b
. \90 - s/ ?1100a3 ; \ }1100a
L B ! \\ .
‘ 143 14a
' 19
30a
FiG.17A
14a
30a
FIG.17B
| \¢
‘1100a3
14a
FIG.18

30a




Patent Application Publication  Oct. 30,2008 Sheet 18 0f33  US 2008/0266499 A1

FIG.19B 22}3(28) n oo
)
— 5 , 5 o [
IEEEOO00 7SI 0D 0T Do
FIG.19C 2-3\a (2/8) 2/4 2/3 2/2 2(1 |
' 37 (4t }
000000000000@0\\\\6?00’0000000000

F[G.]gp 23 25 (28) 24 23 22 21 .

M{Q WA foon
T /’W TS

FIG. 19F 23a 26 (28) 24 23 22 21 |

BATAR 5@7}20%




US 2008/0266499 A1

Oct. 30,2008 Sheet 19 of 33

Patent Application Publication

FIG.20A

T UNOI93Y .
NOILO3 143

1 NOI93H NOISSINSNYHL

||q|V
o
/A

\

- 200b

FIG.20B 238

! fT _
15

>
\
. 14a




Patent Application Publication  Oct. 30,2008 Sheet200f33  US 2008/0266499 A1

FIG21A o | o1 2'2 200
| \ . L\ W
o ( o (( /}200}5
000000000 7700 JOJUUOGOO\W/000000000/00\\00000000%§3§Oa |
0000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000(0 |
(00000000000000000000000000000004000000000000000000000000
\) l/“ L }IOOa
(
14a 15 - 11
FIG.21B 200

] T 1

mG2ic /

e N7 ===AIR===

0
EQ
/ 7 | RS \\’ '
| %oc//ﬂg\\&:cm 0 acc//n\\\c»oei
%, Z s N\ a 7S \\ :

Bl A\




US 2008/0266499 A1

Oct. 30,2008 Sheet 21 of 33

Patent Application Publication

d NOIDTY 1 NOID3H NOISSINSNYHL

N q
N R
& NOUWSTHIY - S
i | N

€3

o

N T >

N o=

Ne— > c——= ——

/
15

)
\
143




Patent Application Publication  Oct. 30,2008 Sheet22 0f33  US 2008/0266499 A1

FIG 23A _— | TR 200
1 )\ </
( C 200b
N N T e
T
~ LODOLO0LAOC0CoNOLLAOLLEAONIORON0INONNLDD
J00000000010000RURC0NYEEYODRLD0DLAL0NLIMLIMNLLNDD
' e l} : }100&
l4a 16 11

FG23C -

P

—==JN===\lly ===AN===

: AT IS .
S A==\
% A §§£; A=)
Rl \

EQ

—

e




Patent Application Publication  Oct. 30,2008 Sheet230f33  US 2008/0266499 A1

| 2201 ( { .}'ZOOb'-
T TRNOTNTE0NE=) 7 0TI 30
N
B N N
il N0A000000000 m.
) \ }IOOa
14a 15 B

o \N)V , zJ,\,EQ
e W —— 8 pp— mgc\ |
/w1 W e S




US 2008/0266499 A1

Oct. 30,2008 Sheet 24 of 33

Patent Application Publication

FIG25

220 2142

e = —>

1zla

15

FIG.26

22b 212\2_

_22@1( ¢ (

200b

\
14a .

15



Patent Application Publication  Oct. 30,2008 Sheet250f33  US 2008/0266499 A1

ERn
3///

%

L‘_——______—__

<ielee o0 %'
N ===

Nl i vl
el '%5/////
Bosl 1 |
e //////?////%




Patent Application Publication  Oct. 30,2008 Sheet 26 0f33  US 2008/0266499 A1

FIG.28 2004, 2008
T R >
C : £ ,// I} 200b
KZZb K22b \2/2\
<% } 30
_ . P SR T
I { Y \ A -
¢ \
Ve \15 Vs g Vg 1



Patent Application Publication  Oct. 30,2008 Sheet270f33  US 2008/0266499 A1

. .
2 %—4%
By | | /7

" :

.

FIG.29A

/%////

-



Patent Application Publication  Oct. 30,2008 Sheet 28 0f33  US 2008/0266499 A1

200F
7

7

oD
5 // %
5 SV
< ///////

200E

Z

]

.

//

oy
//
_ ///

///

/

oo
.

FIG.30A




FIG.31B

FIG.31A

V%/

///////

.

< 0 )

o Q]
?P 7 ——

gl

N

y N

N

7 X

<

,

.

:/
o s f //
il . bl
oo e jole
0//%//// e ///////

o




2004 |
é?. ‘ :

== Eégzgggggiigggzggggg

By
N

.

& 8

. FIG.324 '

// // .



Patent Application Publication  Oct. 30,2008 Sheet 31 0f33  US 2008/0266499 A1

e

“““ Iy
.

————
\\\\\

% “““
™

A

N A 7777 sl
2l el i iallel & |
% Q//// :: “““
' al i iallal 2 i@
.///2 il //// “““ :
< > e—><——>




Patent Application Publication  Oct. 30,2008 Sheet320f33  US 2008/0266499 A1

&l & s |

FIG.34B

———

x %

FIG. 344 =




Patent Application Publication  Oct. 30,2008 Sheet330f33  US 2008/0266499 A1

FIG.35A

& %/ e =} 2000
e T T TR RNRAIIRS = } 100a
FIG. 3568
- ////21///22
18 306
AN %/
S = &?j} 1003
300
FIG. 36 " (7
PO— %%/ S ?7 o .,,} 100b
14a |de |d g 22 _1da
14a

A — —— e m—— -
oy
) il )

ARG }-n;z::;z:z::_z;u;z,u:::z: :':':‘:‘:':: L RS RICAATAS




US 2008/0266499 A1

LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device having a wide viewing angle characteristic and being
capable of producing a high quality display.

BACKGROUND OF THE INVENTION

[0002] Inrecentyears, liquid crystal display devices, which
are thin and light in weight, are used as personal computer
displays and PDA (personal digital assistance) displays.
However, conventional twist nematic (IN) type and super
twist nematic (STN) type liquid crystal display devices have
anarrow viewing angle. Various technical developments have
been undertaken to solve the problem.

[0003] A typical technique for improving the viewing angle
characteristic of a TN or STN type liquid crystal display
device is to add an optical compensation plate thereto.
Another approach is to employ a transverse electric field
mode in which a horizontal electric field with respect to the
substrate plane is applied across the liquid crystal layer.
Transverse electric field mode liquid crystal display devices
have been attracting public attention and are mass-produced
in recent years. Still another technique is to employ a DAP
(deformation of vertical aligned phase) mode in which a
nematic liquid crystal material having a negative dielectric
anisotropy is used as a liquid crystal material and a vertical
alignment film is used as an alignment film. This is a type of
ECB (electrically controlled birefringence) mode, in which
the transmittance is controlled by using the birefringence of
liquid crystal molecules.

[0004] While the transverse electric field mode is an effec-
tive approach to improve the viewing angle, the production
process thereof imposes a significantly lower production mar-
gin than that of a normal TN type device, whereby it is
difficult to realize stable production of the device. This is
because the display brightness or the contrast ratio is signifi-
cantly influenced by variations in the gap between the sub-
strates or a shift in the direction of the transmission axis
(polarization axis) of a polarization plate with respect to the
orientation axis of the liquid crystal molecules. It requires
further technical developments to be able to precisely control
these factors and thus to realize stable production of the
device.

[0005] TInorderto realize a uniform display without display
non-uniformity with a DAP mode liquid crystal display
device, an alignment control is necessary. An alignment con-
trol can be provided by, for example, subjecting the surface of
an alignment film to an alignment treatment by rubbing.
However, when a vertical alignment film is subjected to a
rubbing treatment, rubbing streaks are likely to appear in the
displayed image, and it is not suitable for mass-production.
[0006] In view of this, the present inventor, along with
others, has disclosed, in Japanese Laid-Open Patent Publica-
tion No. 2003-43525, yet another approach for performing an
alignment control without a rubbing treatment, in which a
plurality of openings are provided in one of a pair of elec-
trodes opposing each other via a liquid crystal layer therebe-
tween so that the orientation direction of the liquid crystal
molecules is controlled by an inclined electric field produced
at the edge portions of these openings. With this approach, a
stable orientation with a sufficient degree of continuity in the
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orientation of the liquid crystal molecules can be obtained
across the entirety of each picture element, thereby improving
the viewing angle and realizing a high-quality display.
[0007] Liquid crystal display devices capable of producing
a high-quality display both outdoors and indoors have been
proposed in the art (see, for example, Japanese Laid-Open
Patent Publication No. 11-101992). A liquid crystal display
device of this type is called a “transmission-reflection type
liquid crystal display device”, and includes, in each picture
element region, a reflection region where an image is dis-
played in a reflection mode and a transmission region where
an image is displayed in a transmission mode.

[0008] More recently, however, there is a demand for a
further increase in the aperture ratio to produce a brighter
display, in addition to the demand for an increase in the
viewing angle and the display quality. No particular approach
has been established in the art for further improving the
aperture ratio in a case where an alignment control is done by
using an inclined electric field, as disclosed in Japanese Laid-
Open Patent Publication No. 2003-43525.

[0009] Moreover, optimal configurations have not yet been
found for cases where the alignment control using an inclined
electric field is applied to a transmission-reflection liquid
crystal display device.

SUMMARY OF THE INVENTION

[0010] Itis therefore an object of this invention to provide
a transmission-reflection liquid crystal display device having
a wide viewing angle characteristic, a high display quality,
and a high aperture ratio, and being capable of producing a
bright display.

[0011] An inventive liquid crystal display device includes:
a first substrate; a second substrate; and a liquid crystal layer
provided between the first substrate and the second substrate,
wherein: a plurality of picture element regions are defined in
a matrix pattern including a plurality of rows extending in a
first direction and a plurality of columns extending in a sec-
ond direction crossing the first direction; each of the plurality
of picture element regions includes a first electrode provided
on one side of the first substrate that is closer to the liquid
crystal layer, a second electrode provided on one side of the
second substrate that is closer to the liquid crystal layer so as
to oppose the first electrode, and the liquid crystal layer
provided between the first electrode and the second electrode;
the first electrode includes, in each of the plurality of picture
element regions, a plurality of sub-electrodes, whereby the
liquid crystal layer takes a vertical alignment in the absence of
an applied voltage between the first electrode and the second
electrode, and forms a plurality of first liquid crystal domains
above the plurality of sub-electrodes of the first electrode by
inclined electric fields produced around the plurality of sub-
electrodes in response to a voltage applied between the first
electrode and the second electrode, each of the plurality of
first liquid crystal domains taking a radially-inclined orienta-
tion; each of the plurality of picture element regions includes
a transmission region where an image is displayed in a trans-
mission mode using light coming from the first substrate side,
and a reflection region where an image is displayed in a
reflection mode using light coming from the second substrate
side; in each of the plurality of picture element regions, a
thickness dr of the liquid crystal layer in the reflection region
is smaller than a thickness dt of the liquid crystal layer in the
transmission region, and the second substrate includes a
stepped portion including an upper tier located in the reflec-
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tion region, a lower tier located in the transmission region and
a side surface connecting the upper tier and the lower tier to
each other, the side surface of the stepped portion being
located in the reflection region and covered by the second
electrode; and the plurality of sub-electrodes of the first elec-
trode are arranged in a line in the second direction, and a
polarity of a voltage applied across the liquid crystal layer in
a first picture element region among the plurality of picture
element regions is different from a polarity of a voltage
applied across the liquid crystal layer in a second picture
element region among the plurality of picture element regions
that belongs to the same row as that of the first picture element
region and belongs to a column adjacent to a column to which
the first picture element region belongs in each frame.
[0012] In a preferred embodiment, the plurality of picture
element regions each have a shape whose longitudinal direc-
tion is defined in the second direction and whose width direc-
tion is defined in the first direction.

[0013] In a preferred embodiment, a polarity of a voltage
applied across the liquid crystal layer in a plurality of picture
element regions belonging to one column among the plurality
of picture element regions is inverted for every n rows (where
nis an integer of 1 or more) in each frame.

[0014] In a preferred embodiment, a polarity of a voltage
applied across the liquid crystal layer in the first picture
element region is different from a polarity of a voltage applied
across the liquid crystal layer in a third picture element region
that belongs to the same column as that of the first picture
element region and belongs to a row adjacent to a row to
which the first picture element region belongs in each frame.
[0015] In a preferred embodiment, a shape of each of the
plurality of sub-electrodes has rotational symmetry.

[0016] In a preferred embodiment, each of the plurality of
sub-electrodes has a generally circular shape.

[0017] In a preferred embodiment, each of the plurality of
sub-electrodes has a generally rectangular shape.

[0018] In a preferred embodiment, each of the plurality of
sub-electrodes has a generally rectangular shape with gener-
ally arc-shaped corner portions.

[0019] In a preferred embodiment, each of the plurality of
sub-electrodes has a shape with acute angle corners.

[0020] In a preferred embodiment, the first substrate
includes a plurality of electrodeless regions where the first
electrode is not provided, the plurality of electrodeless
regions substantially surrounding the plurality of sub-elec-
trodes of the first electrode; and the liquid crystal layer forms
aplurality of second liquid crystal domains in the plurality of
electrodeless regions by the inclined electric fields produced
around the plurality of sub-electrodes in response to a voltage
applied between the first electrode and the second electrode,
each of the plurality of second liquid crystal domains taking
a radially-inclined orientation.

[0021] In a preferred embodiment, an orientation of the
plurality of first liquid crystal domains and that of the plural-
ity of second liquid crystal domains are continuous with each
other.

[0022] In a preferred embodiment, at least some of the
plurality of electrodeless regions have substantially the same
shape and substantially the same size, and form at least one
unit lattice arranged so as to have rotational symmetry.
[0023] Inapreferred embodiment, a shape of each of the at
least some of the plurality of electrodeless regions has rota-
tional symmetry.
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[0024] 1In a preferred embodiment, the second substrate
includes, in a region corresponding to at least one of the
plurality of first liquid crystal domains, an orientation-regu-
lating structure that exerts an orientation-regulating force for
orienting liquid crystal molecules in the at least one first
liquid crystal domain into a radially-inclined orientation at
least in the presence of an applied voltage.

[0025] Inapreferred embodiment, the orientation-regulat-
ing structure is provided in a region in the vicinity of a center
of the at least one first liquid crystal domain.

[0026] In apreferred embodiment, the orientation-regulat-
ing structure exerts an orientation-regulating force for orient-
ing the liquid crystal molecules into a radially-inclined ori-
entation even in the absence of an applied voltage.

[0027] Inapreferred embodiment, the orientation-regulat-
ing structure is a protrusion protruding from the second sub-
strate into the liquid crystal layer.

[0028] Inapreferred embodiment, a thickness of the liquid
crystal layer is defined by the protrusion protruding from the
second substrate into the liquid crystal layer.

[0029] In a preferred embodiment, the first substrate
includes a protrusion provided above a central portion of at
least one of the plurality of sub-electrodes.

[0030] In a preferred embodiment, in each of the plurality
of picture element regions, a thickness de of the liquid crystal
layer at an edge portion of at least one of the plurality of
sub-electrodes is smaller than a thickness dc of the liquid
crystal layer at a central portion of the at least one sub-
electrode.

[0031] In apreferred embodiment, a height of a surface of
the at least one sub-electrode at an edge portion thereof is
larger than that at a central portion thereof.

[0032] In a preferred embodiment, the first substrate
includes a transparent substrate and an interlayer insulating
film provided between the transparent substrate and the first
electrode; the interlayer insulating film includes a first region
where a height thereof on one side that is closer to the liquid
crystal layer changes continuously; and an edge portion ofthe
at least one sub-electrode is located in the first region.
[0033] Inapreferred embodiment, the interlayer insulating
film includes a second region where the height thereof on one
side that is closer to the liquid crystal layer is substantially
constant; and a central portion of the at least one sub-elec-
trode is located in the second region.

[0034] In a preferred embodiment, light incident upon the
liquid crystal layer is circularly-polarized light, and the cir-
cularly-polarized light is modulated through the liquid crystal
layer to display an image.

[0035] In a preferred embodiment, the first electrode
includes a transparent electrode defining the transmission
region and a reflection electrode defining the reflection
region.

[0036] In a preferred embodiment, the second substrate
further includes a transparent dielectric layer selectively pro-
vided in the reflection region in each of the plurality of picture
element regions.

[0037] In a preferred embodiment, the transparent dielec-
tric layer provided in each of the plurality of picture element
regions is continuous with the transparent dielectric layer
provided in at least one of adjacent picture element regions.
[0038] Inapreferred embodiment, the first substrate further
includes a switching element provided for each of the plural-
ity of picture element regions; and the first electrode is a
picture element electrode provided for each of the plurality of
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picture element regions and switched by the switching ele-
ment, and the second electrode is at least one counter elec-
trode opposing the plurality of picture element electrodes.
[0039] According to the present invention, a liquid crystal
domain having a radially-inclined orientation is stably
formed with a high degree of continuity. Therefore, it is
possible to further improve the display quality of a conven-
tional liquid crystal display device having a wide viewing
angle characteristic.

[0040] Moreover, a multigap structure is realized by pro-
viding a stepped portion on a substrate different from the
substrate that is provided with an electrode for producing an
inclined electric field for forming a radially-inclined orienta-
tion, whereby it is possible to obtain advantages related to the
production process. Since the side surface of the stepped
portion is located in the reflection region while being covered
with the electrode, it is possible to suppress the deterioration
in the display quality due to the inclination of the side surface
of the stepped portion.

[0041] Furthermore, in each picture element region, a plu-
rality of sub-electrodes are arranged in a line in a predeter-
mined direction, whereby it is possible to increase the area
ratio of the sub-electrode in the picture element region, thus
improving the aperture ratio.

[0042] Picture elements that are adjacent to each other in a
direction crossing the sub-electrode arrangement direction
are driven with voltages of opposite polarities in each frame,
whereby it is possible to produce an inclined electric field
having a sharp potential gradient between picture elements
that are adjacent to each other in that direction. Thus, it is
possible to form a sufficiently stable radially-inclined orien-
tation even when employing an arrangement with a short
inter-electrode distance and a high aperture ratio.

[0043] As described above, the present invention provides a
transmission-reflection liquid crystal display device having a
wide viewing angle characteristic, a high display quality, and
a high aperture ratio, and being capable of producing a bright
display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1A and FIG. 1B schematically illustrate a
structure of a liquid crystal display device 100 of the present
invention, wherein FIG. 1A is a plan view, and FIG. 1B is a
cross-sectional view taken along line 1B-1B' of FIG. 1A.
[0045] FIG. 2 schematically illustrates a state where volt-
ages of different polarities are applied to picture element
regions that are adjacent to each other in the row direction.
[0046] FIG.3A and FIG. 3B illustrate a liquid crystal layer
30 of the liquid crystal display device 100 in the presence of
an applied voltage thereacross, wherein FIG. 3A schemati-
cally illustrates a state where an orientation has just started to
change (initial ON state), and FIG. 3B schematically illus-
trates a steady state.

[0047] Each of FIG. 4A to FIG. 4D schematically illus-
trates the relationship between an electric force line and an
orientation of a liquid crystal molecule.

[0048] Eachof FIG.5A to FIG.5C schematically illustrates
an orientation of liquid crystal molecules in the liquid crystal
display device 100 as viewed in a substrate normal direction.
[0049] FIG. 6A to FIG. 6C schematically illustrate exem-
plary radially-inclined orientations of liquid crystal mol-
ecules.
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[0050] FIG. 7A and FIG. 7B are plan views schematically
illustrating other liquid crystal display devices 100A and
100B, respectively, of the present invention.

[0051] FIG. 8A and FIG. 8B are plan views schematically
illustrating other liquid crystal display devices 100C and
100D, respectively, of the present invention.

[0052] FIG. 9 is a plan view schematically illustrating
another liquid crystal display device 100E of the present
invention.

[0053] FIG. 10 is a plan view schematically illustrating the
liquid crystal display device 100E of the present invention.
[0054] FIG. 11 is a plan view schematically illustrating a
liquid crystal display device 1000 of a comparative example.
[0055] FIG. 12 is a plan view schematically illustrating a
picture element electrode used in the liquid crystal display
device of the present invention.

[0056] FIG. 13A schematically illustrates equipotential
lines EQ produced when voltages of the same polarity are
applied to two picture element regions that are adjacent to
each other in the row direction.

[0057] FIG. 13B schematically illustrates equipotential
lines EQ produced when voltages of different polarities are
applied to two picture element regions that are adjacent to
each other in the row direction.

[0058] FEach of FIG. 14A, FIG. 14B and FIG. 14C illus-
trates a driving method for use with the liquid crystal display
device of the present invention.

[0059] FIG. 15 is a plan view schematically illustrating
another liquid crystal display device 100F of the present
invention.

[0060] FIG. 16 is a cross-sectional view schematically
illustrating a liquid crystal display device 1100 of a compara-
tive example.

[0061] EachofFIG. 17A and FIG. 17B schematically illus-
trates the relationship between an electric force line and an
orientation of a liquid crystal molecule on a side surface ofa
stepped portion of the liquid crystal display device 1100 of
the comparative example.

[0062] FIG. 18 schematically illustrates the relationship
between an electric force line and an orientation of a liquid
crystal molecule on a side surface of a stepped portion of the
liquid crystal display device 100 of the present invention.
[0063] FIG. 19A to FIG. 19E each schematically illustrate
a counter substrate 2005 including an orientation-regulating
structure 28.

[0064] FIG. 20A and FIG. 20B schematically illustrate
another liquid crystal display device 200 of the present inven-
tion, wherein FIG. 20A is a plan view, and FIG. 20B is a
cross-sectional view taken along line 20B-20B' of FIG. 20A.
[0065] FIG. 21A to FIG. 21C are cross-sectional views
schematically illustrating the liquid crystal display device
200, wherein FIG. 21 A illustrates a state in the absence of an
applied voltage, FIG. 21B illustrates a state where an orien-
tation has just started to change (initial ON state), and FIG.
21C illustrates a steady state.

[0066] FIG. 22A and FIG. 22B schematically illustrate
another liquid crystal display device 200" of the present inven-
tion, wherein FIG. 22A is a plan view, and FIG. 22B is a
cross-sectional view taken along line 22B-22B' of FIG. 22A.

[0067] FIG. 23A to FIG. 23C are cross-sectional views
schematically illustrating the liquid crystal display device
200", wherein FIG. 23 A illustrates a state in the absence of an
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applied voltage, FIG. 23B illustrates a state where an orien-
tation has just started to change (initial ON state), and FIG.
23C illustrates a steady state.

[0068] FIG. 24A to FIG. 24C are cross-sectional views
schematically illustrating a liquid crystal display device
including a protrusion (rib) that functions also as a spacer,
wherein FIG. 24A illustrates a state in the absence of an
applied voltage, FIG. 24B illustrates a state where an orien-
tation has just started to change (initial ON state), and FIG.
24C illustrates a steady state.

[0069] FIG. 25 is a cross-sectional view schematically
illustrating a protrusion having a side surface whose inclina-
tion angle with respect to the substrate plane substantially
exceeds 90°,

[0070] FIG. 26 is a cross-sectional view schematically
illustrating a variation of a protrusion that functions also as a
spacer.

[0071] FIG. 27A is a plan view schematically illustrating

another liquid crystal display device 200A of the present
invention, and FIG. 27B is a plan view schematically illus-
trating another liquid crystal display device 200B of the
present invention.

[0072] FIG. 28 is a cross-sectional view schematically
illustrating the liquid crystal display devices 200A and 200B,
taken along line 28-28' of FIG. 27A and FIG. 27B.

[0073] FIG. 29A is a plan view schematically illustrating
another liquid crystal display device 200C of the present
invention, and FIG. 29B is a plan view schematically illus-
trating another liquid crystal display device 200D of the
present invention.

[0074] FIG. 30A is a plan view schematically illustrating
another liquid crystal display device 200E of the present
invention, and FIG. 30B is a plan view schematically illus-
trating another liquid crystal display device 200F of the
present invention.

[0075] FIG. 31A is a plan view schematically illustrating
another liquid crystal display device 200G of the present
invention, and FIG. 31B is a plan view schematically illus-
trating another liquid crystal display device 200H of the
present invention.

[0076] FIG. 32A is a plan view schematically illustrating
another liquid crystal display device 2001 of the present
invention, and FIG. 32B is a plan view schematically illus-
trating another liquid crystal display device 200] of the
present invention.

[0077] FIG. 33A is a plan view schematically illustrating
another liquid crystal display device 200K of the present
invention, and FIG. 33B is a plan view schematically illus-
trating another liquid crystal display device 200L of the
present invention.

[0078] FIG. 34A is a plan view schematically illustrating
another liquid crystal display device 200M of the present
invention, and FIG. 34B is a plan view schematically illus-
trating another liquid crystal display device 200N of the
present invention.

[0079] FIG. 35A is a cross-sectional view schematically
illustrating an orientation of liquid crystal molecules where a
protrusion is provided on a counter substrate, and FIG. 35B is
a cross-sectional view schematically illustrating an orienta-
tion of liquid crystal molecules where a protrusion is provided
on a TFT substrate.

[0080] FIG. 36 is a cross-sectional view schematically
illustrating a structure of another liquid crystal display device
300 of the present invention.
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[0081] FIG. 37 is an enlarged cross-sectional view illustrat-
ing a portion of the liquid crystal display device 300 near an
edge portion of a sub-electrode thereof.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0082] Embodiments of the present invention will now be
described with reference to the drawings. The liquid crystal
display device of the present invention has desirable display
characteristics and thus can be suitably used as an active
matrix type liquid crystal display device. An embodiment of
the present invention will now be described with respect to an
active matrix type liquid crystal display device using thin film
transistors (TFTs). The present invention is not limited
thereto, but may alternatively be used with an active matrix
type liquid crystal display device using an MIM structure.
[0083] Note that in the present specification, a region of a
liquid crystal display device corresponding to a “picture ele-
ment”, which is the minimum unit of display, will be referred
to as a “picture element region”. In a color liquid crystal
display device, a plurality of “picture elements” including R,
G and B “picture elements” correspond to one “pixel”. In an
active matrix type liquid crystal display device, a picture
element region is defined by a picture element electrode and
a counter electrode opposing the picture element electrode. In
a passive matrix type liquid crystal display device, a picture
element region is defined as a region where one of column
electrodes arranged in a stripe pattern crosses one of row
electrodes also arranged in a stripe pattern perpendicular to
the column electrodes. In an arrangement with a black matrix,
strictly speaking, a picture element region is a portion of each
region across which a voltage is applied according to the
intended display state that corresponds to an opening of the
black matrix.

Embodiment 1

[0084] The structure of a liquid crystal display device 100
according to the present embodiment will now be described
with reference to FIG. 1A and FIG. 1B. In the following
description, a color filter and a black matrix are omitted for
the sake of simplicity. Moreover, in subsequent figures, each
element having substantially the same function as the corre-
sponding element in the liquid crystal display device 100 will
be denoted by the same reference numeral and will not be
further described below. FIG. 1A is a plan view illustrating
three picture element regions P1, P2 and P3 of the liquid
crystal display device 100 as viewed in the substrate normal
direction, and FIG. 1B is a cross-sectional view taken along
line 1B-1B' of FIG. 1A. FIG. 1B illustrates a state where no
voltage is applied across a liquid crystal layer.

[0085] The liquid crystal display device 100 includes an
active matrix substrate (hereinafter referred to as a “TFT
substrate”) 100a, a counter substrate (referred to also as a
“color filter substrate™) 1005, and a liquid crystal layer 30
provided between the TFT substrate 100a and the counter
substrate 1005. Liquid crystal molecules 30a of the liquid
crystal layer 30 have a negative dielectric anisotropy, and are
aligned vertical to the surface of a vertical alignment film (not
shown), as illustrated in FIG. 1B, in the absence of an applied
voltage across the liquid crystal layer 30 by virtue of the
vertical alignment film, as a vertical alignment layer provided
on one surface of each of the TFT substrate 100a and the
counter substrate 1005 that is closer to the liquid crystal layer
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30. This state is described as the liquid crystal layer 30 being
in a vertical alignment. Note, however, that the liquid crystal
molecules 30a of the liquid crystal layer 30 in a vertical
alignment may slightly incline from the normal to the surface
of the vertical alignment film (the surface of the substrate)
depending upon the type of vertical alignment film or the type
of liquid crystal material used. Generally, a vertical alignment
is defined as a state where the axis of the liquid crystal mol-
ecules (referred to also as the “axial orientation”) is oriented
at an angle of about 85° or more with respect to the surface of
the vertical alignment film.

[0086] TheTFT substrate 100a of the liquid crystal display
device 100 includes a transparent substrate (e.g., a glass sub-
strate) 11 and a picture element electrode 14 provided on the
surface of the transparent substrate 11. The counter substrate
1005 includes a transparent substrate (e.g., a glass substrate)
21 and a counter electrode 22 provided on the surface of the
transparent substrate 21. The orientation of the liquid crystal
layer 30 changes for each picture element region according to
the voltage applied between the picture element electrode 14
and the counter electrode 22, which are arranged so as to
oppose each other via the liquid crystal layer 30. A display is
produced by utilizing a phenomenon that the polarization or
amount of light passing through the liquid crystal layer 30
changes along with the change in the orientation of the liquid
crystal layer 30.

[0087] A plurality of picture element regions are arranged
periodically in a row direction D1 and a column direction D2
perpendicular to the row direction D1 (i.e., they are arranged
in a matrix pattern). FIG. 1A illustrates the three picture
element regions P1, P2 and P3 adjacent to one another in the
row direction D1. The row direction D1 and the column
direction D2 will be referred to as “periodic arrangement
directions™ of picture elements (picture element regions).
Typically, the row direction D1 and the column direction D2
are perpendicular to each other. Moreover, in the present
embodiment, each picture element region (picture element)
has a generally oblong rectangular shape with a long side and
a short side. Therefore, the picture element regions are
arranged at different pitches (referred to as “picture element
pitches”) in the row direction D1 and in the column direction
D2.

[0088] Each picture element region includes a transmission
region T where an image is displayed in a transmission mode
using light coming from the side of the TFT substrate 100a
(typically, light from the backlight) and a reflection region R
where an image is displayed in a reflection mode using light
coming from the side of the counter substrate 1005 (typically
ambient light). In the present embodiment, the picture ele-
ment electrode 14 includes a transparent electrode made of a
transparent conductive material and a reflection electrode
made of a light-reflecting conductive material. The transmis-
sion region T is defined by the transparent electrode, and the
reflection region R is defined by the reflection electrode. Note
that if the surface of the reflection electrode is provided with
minute irregularities, light can be scattered by the reflection
electrode, and it is thereby possible to realize a white display
that is close to paper white.

[0089] While light used for displaying an image passes
through the liquid crystal layer 30 only once in the transmis-
sion mode, it passes through the liquid crystal layer 30 twice
in the reflection mode. By setting a thickness dr of the liquid
crystal layer 30 in the reflection region R to be smaller than a
thickness dt of the liquid crystal layer 30 in the transmission
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region T, as illustrated in FIG. 1B, the retardation given by the
liquid crystal layer 30 to light used in the reflection mode can
be made close to the retardation given by the liquid crystal
layer 30 to light used in the transmission mode. By setting the
thickness dr of the liquid crystal layer 30 in the reflection
region R to be about V% the thickness dt of the liquid crystal
layer 30 in the transmission region T, the retardations given by
the liquid crystal layer 30 to light in these display modes can
be made substantially equal to each other.

[0090] In the present embodiment, the counter substrate
1005 has a stepped portion including an upper tier (an upper
level surface) 10051 located inthe reflection region R, a lower
tier (a lower level surface) 100562 located in the transmission
region T, and a side surface 10053 connecting the upper tier
10051 and the lower tier 10052 to each other, whereby the
thickness dr of the liquid crystal layer 30 in the reflection
region R is smaller than the thickness dt of the liquid crystal
layer 30 in the transmission region T. Specifically, the stepped
portion of the counter substrate 1005 is formed by providing
a transparent dielectric layer 29 selectively in the reflection
region R of the counter substrate 1005. The side surface
10053 of the stepped portion is located in the reflection region
R, and is covered by the counter electrode 22.

[0091] Next, the structure and the function of the picture
element electrode 14 provided in the liquid crystal display
device 100 of the present invention will be described.
[0092] As illustrated in FIG. 1A and FIG. 1B, the picture
element electrode 14 includes a plurality of sub-electrodes
144 arranged in a line in the column direction D2. Typically,
the plurality of sub-electrodes 144 are electrically connected
together in each picture element region. In the present
embodiment, each picture element electrode includes three
sub-electrodes 14a, i.c., one transparent electrode and two
reflection electrodes.

[0093] Moreover, the TFT substrate 100a includes a plural-
ity of electrodeless regions 15 where the picture element
electrode 14 made of a conductive film (e.g., an ITO film) is
not provided (i.e., the electrodeless regions 15 do not overlap
with any picture element electrodes 14). The electrodeless
regions 15 have substantially the same shape and substan-
tially the same size, and are arranged so that the respective
centers thereof form a square lattice. Each sub-electrode 14a
of the picture element electrode 14 is substantially sur-
rounded by four electrodeless regions 15 whose respective
centers are located at the four lattice points that form one umt
lattice, and the sub-electrodes 14a have substantially the
same shape and substantially the same size. In the illustrated
example, the sub-electrode 14a has a generally circular
shape. Fach of the electrodeless regions 15 has a generally
star shape having four quarter-arc-shaped sides (edges) with
a four-fold rotation axis at the center among the four sides.
[0094] When a voltage is applied between the picture ele-
ment electrode 14 having such a structure as described above
and the counter electrode 22, an inclined electric field is
produced around (near the periphery of) the sub-electrode
144, i.e., at the edge portion of the electrodeless region 15,
thereby producing a plurality of liquid crystal domains each
having a radially-inclined orientation. The liquid crystal
domain is produced in each region corresponding to the elec-
trodeless region 15 and in each region corresponding to the
sub-electrode 14a.

[0095] Note that in the liquid crystal display device 100 of
the present invention, picture elements that are adjacent to
each other in the row direction D1 are driven with voltages of
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opposite polarities, as illustrated in FIG. 2, during a period in
which data is written to all the picture elements (i.e., one
frame). Referring to FIG. 2, a voltage of one polarity is
applied across the liquid crystal layer 30 in the picture ele-
ment regions P1 and P3 (picture element regions marked with
“+” sign) while a voltage of a different (opposite) polarity is
applied across the liquid crystal layer 30 in the picture ele-
ment region P2 (a picture element region marked with “-”
sign). In other words, in each frame, the polarity of the voltage
applied across the liquid crystal layer 30 in one picture ele-
ment region is different from that of the voltage applied across
the liquid crystal layer 30 in another picture element region
thatis adjacent to the first picture element region in a direction
(the row direction D1) perpendicular to the direction (the
column direction D2) along which the sub-electrodes 14a are
arranged.

[0096] Themechanism by which liquid crystal domains are
formed by an inclined electric field as described above will be
described with reference to FIG. 3A and FIG. 3B. Each of
FIG. 3A and FIG. 3B illustrates the liquid crystal layer 30
with a voltage being applied thereacross. FIG. 3A schemati-
cally illustrates a state where the orientation of the liquid
crystal molecules 30a has just started to change (initial ON
state) according to the voltage applied across the liquid crys-
tal layer 30. FIG. 3B schematically illustrates a state where
the orientation of the liquid crystal molecules 30a has
changed and become steady according to the applied voltage.
Curves EQ in FIG. 3A and FIG. 3B denote equipotential
lines. Note that while FIG. 3A and FIG. 3B are cross-sec-
tional views taken along line 3-3' of FIG. 1A, the stepped
portion of the counter substrate 1005 is not shown in these
figures for the sake of simplicity.

[0097] When the picture element electrode 14 and the
counter electrode 22 are at the same potential (a state where
no voltage is applied across the liquid crystal layer 30), the
liquid crystal molecules 30a in each picture element region
are aligned vertical to the surfaces of the substrates 11 and 21,
as illustrated in FIG. 3A.

[0098] When a voltage is applied across the liquid crystal
layer 30, a potential gradient represented by the equipotential
lines EQ shown in FIG. 3A (perpendicular to the electric force
line) is produced. The equipotential lines EQ are parallel to
the surface of the sub-electrode 14a and the counter electrode
22 in the liquid crystal layer 30 located between the sub-
electrode 14a of the picture element electrode 14 and the
counter electrode 22, and drop in a region corresponding to
the electrodeless region 15 of the picture element electrode
14. An inclined electric field represented by an inclined por-
tion of the equipotential lines EQ is produced in the liquid
crystal layer 30 above an edge portion EG of the electrodeless
region 15 (the peripheral portion of and within the electrode-
less region 15 including the boundary thereof). Note that in
the present embodiment, two picture elements that are adja-
cent to each other in the row direction D1 are driven with
voltages of opposite polarities, and thus the equipotential
lines EQ drop sharply in the electrodeless region 15 located
between these picture elements, whereby the equipotential
lines EQ are not continuous across these picture elements.
[0099] A torque acts upon the liquid crystal molecules 30a
having a negative dielectric anisotropy so as to direct the axial
orientation of the liquid crystal molecules 30a to be parallel to
the equipotential lines EQ (perpendicular to the electric force
line). Therefore, the liquid crystal molecules 30a above the
right edge portion EG in FIG. 3A incline (rotate) clockwise

Oct. 30, 2008

and the liquid crystal molecules 30a above the left edge
portion EG incline (rotate) counterclockwise as indicated by
arrows in FIG. 3A. As a result, the liquid crystal molecules
30a above the edge portions EG are oriented parallel to the
corresponding portions of the equipotential lines EQ.

[0100] Referring to FIG. 4A to FIG. 4D, the change in the
orientation of the liquid crystal molecules 30a will now be
described in greater detail.

[0101] When an electric field is produced in the liquid
crystal layer 30, a torque acts upon the liquid crystal mol-
ecules 30aq having a negative dielectric anisotropy so as to
direct the axial orientation thereof to be parallel to an equi-
potential line EQ. As illustrated in FIG. 4A, when an electric
field represented by an equipotential line EQ perpendicular to
the axial orientation of the liquid crystal molecule 30a is
produced, either a torque urging the liquid crystal molecule
30a to incline clockwise or a torque urging the liquid crystal
molecule 30q to incline counterclockwise occurs with the
same probability. Therefore, the liquid crystal layer 30
between the pair of parallel plate-shape electrodes opposing
each other has some liquid crystal molecules 30a that are
subject to a clockwise torque and some other liquid crystal
molecules 30a that are subject to a counterclockwise torque.
As a result, the transition to the intended orientation accord-
ing to the voltage applied across the liquid crystal layer 30
may not proceed smoothly.

[0102] When an electric field represented by a portion of
the equipotential lines EQ inclined with respect to the axial
orientation of the liquid crystal molecules 30a (an inclined
electric field) is produced at the edge portion EG of the
electrodeless region 15 of the liquid crystal display device
100 of the present invention, as illustrated in FIG. 3A, the
liquid crystal molecules 30a incline in whichever direction
(the counterclockwise direction in the illustrated example)
that requires less rotation for the liquid crystal molecules 30a
to be parallel to the equipotential line EQ, as illustrated in
FIG. 4B. The liquid crystal molecules 30a in a region where
an electric field represented by an equipotential line EQ pet-
pendicular to the axial orientation of the liquid crystal mol-
ecules 30a is produced incline in the same direction as the
liquid crystal molecules 30a located on the inclined portion of
the equipotential lines EQ so that the orientation thereof is
continuous (in conformity) with the orientation of the liquid
crystal molecules 30a located on the inclined portion of the
equipotential lines EQ as illustrated in FIG. 4C. As illustrated
in FIG. 4D, when an electric field such that the equipotential
line EQ forms a continuous concave/convex pattern, the lig-
uid crystal molecules 30a located on a flat portion of the
equipotential line EQ are oriented so as to conform with the
orientation direction defined by the liquid crystal molecules
30a located on adjacent inclined portions of the equipotential
line EQ. The phrase “being located on an equipotential line
EQ” as used herein means “being located within an electric
field that is represented by the equipotential line EQ”.
[0103] The change in the orientation of the liquid crystal
molecules 30a, starting from those that are located on the
inclined portion of the equipotential lines EQ, proceeds as
described above and reaches a steady state, which is sche-
matically illustrated in FIG. 3B. The liquid crystal molecules
30a located around the central portion of the electrodeless
region 15 are influenced substantially equally by the respec-
tive orientations of the liquid crystal molecules 30a at the
opposing edge portions EG of the electrodeless region 15, and
therefore retain their orientation perpendicular to the equipo-
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tential lines EQ. The liquid crystal molecules 30a away from
the center of the electrodeless region 15 incline by the influ-
ence of the orientation of other liquid crystal molecules 30a at
the closer edge portion EG, thereby forming an inclined ori-
entation that is symmetric about the center SA of the elec-
trodeless region 15. The orientation as viewed in a direction
perpendicular to the display plane of the liquid crystal display
device 100 (a direction perpendicular to the surfaces of the
substrates 11 and 21) is a state where the liquid crystal mol-
ecules 30g have a radial axial orientation (not shown) about
the center of the electrodeless region 15. In the present speci-
fication, such an orientation will be referred to as a “radially-
inclined orientation”. Moreover, a region of the liquid crystal
layer 30 that takes a radially-inclined orientation about a
single axis will be referred to as a “liquid crystal domain”.
[0104] A liquid crystal domain in which the liquid crystal
molecules 30a take a radially-inclined orientation is formed
also in a region corresponding to the sub-electrode 144 sub-
stantially surrounded by the electrodeless regions 15. The
liquid crystal molecules 30a in a region corresponding to the
sub-electrode 14a are influenced by the orientation of the
liquid crystal molecules 30a at each edge portion EG of the
electrodeless region 15 so as to take a radially-inclined ori-
entation that is symmetric about the center SA of the sub-
electrode 14a (corresponding to the center of a unit lattice
formed by the electrodeless regions 15).

[0105] The radially-inclined orientation in a liquid crystal
domain formed above the sub-electrode 14a and the radially-
inclined orientation formed above the electrodeless region 15
are continuous with each other, and are both in conformity
with the orientation of the liquid crystal molecules 30q at the
edge portion EG of the electrodeless region 15. The liquid
crystal molecules 30¢ in the liquid crystal domain formed
above the electrodeless region 15 are oriented in the shape of
acone that spreads upwardly (toward the substrate 1005), and
the liquid crystal molecules 30a in the liquid crystal domain
formed above the sub-electrode 14a are oriented in the shape
of a cone that spreads downwardly (toward the substrate
100g). As described above, the radially-inclined orientation
in a liquid crystal domain formed above the electrodeless
region 15 and that in a liquid crystal domain formed above the
sub-electrode 14a are continuous with each other. Therefore,
no disclination line (orientation defect) is formed along the
boundary therebetween, thereby preventing a decrease in the
display quality due to occurrence of a disclination line.
[0106] Note that a sufficient voltage may not be applied
across the liquid crystal layer 30 around the central portion of
the electrodeless region 15, whereby the liquid crystal layer
30 around the central portion of the electrodeless region 15
does not contribute to the display. In other words, even if the
radially-inclined orientation of the liquid crystal layer 30
around the central portion of the electrodeless region 15 is
disturbed to some extent (e.g., even if the central axis is
shifted from the center of the electrodeless region 15), the
display quality may not be decreased. Therefore, as long as
the liquid crystal domain is formed at least corresponding to
a sub-electrode 14aq, it is possible to obtain a continuity of the
liquid crystal molecules in each picture element region and to
realize a wide viewing angle characteristic and a high display
quality.

[0107] In order to improve the viewing angle dependence,
which s a display quality of a liquid crystal display device, in
all azimuth angles, the existence probabilities of the liquid
crystal molecules 30a oriented in various azimuth angle
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directions preferably have rotational symmetry, and more
preferably have axial symmetry, in each picture element
region. Therefore, it is preferred that the liquid crystal
domains are arranged with a high degree of symmetry in each
picture element region. In the present embodiment, the sub-
electrodes 14a are arranged in a line in a predetermined
direction (the column direction D2) so as to have rotational
symmetry and even axial symmetry. Therefore, the liquid
crystal domains each corresponding to the sub-electrode 14a
are also arranged with rotational symmetry and even axial
symmetry.

[0108] As described above with reference to FIG. 3A and
FIG. 3B, the picture element electrode 14 of the liquid crystal
display device 100 of the present invention includes a plural-
ity of sub-electrodes 14a each surrounded by a plurality of
electrodeless regions 15 and produces, in the liquid crystal
layer 30 in the picture element region, an electric field repre-
sented by equipotential lines EQ having inclined portions.
The liquid crystal molecules 30a having a negative dielectric
anisotropy inthe liquid crystal layer 30, which are in a vertical
alignment in the absence of an applied voltage, change the
orientation direction thereof, with the change in the orienta-
tion of those liquid crystal molecules 30a located on the
inclined portion of the equipotential lines EQ serving as a
trigger. Thus, a liquid crystal domain having a stable radially-
inclined orientation is formed above the electrodeless region
15 and in the sub-electrode 14a. A display is produced by the
change in the orientation of the liquid crystal molecules in the
liquid crystal domain according to the voltage applied across
the liquid crystal layer.

[0109] The shape (as viewed in the substrate normal direc-
tion) and arrangement of the sub-electrodes 14a of the picture
element electrode 14 and those of the electrodeless regions 15
of the TFT substrate 100a will be described.

[0110] The display characteristics of a liquid crystal dis-
play device exhibit an azimuth angle dependence due to the
orientation (optical anisotropy) of the liquid crystal mol-
ecules. In order to reduce the azimuth angle dependence of
the display characteristics, it is preferred that the liquid crys-
tal molecules are oriented in all azimuth angles with substan-
tially the same probability. More preferably, the liquid crystal
molecules in each picture element region are oriented in all
azimuth angles with substantially the same probability.
[0111] Therefore, the sub-electrode 14a preferably has a
shape such that liquid crystal domains are formed in each
picture element region so that theliquid crystal molecules 30a
in each liquid crystal domain corresponding to the sub-elec-
trode 144 are oriented in all azimuth angles with substantially
the same probability. More specifically, the shape of the sub-
electrode 14a preferably has rotational symmetry (more pref-
erably symmetry with at least a two-fold rotation axis) about
a symmetry axis extending through the center of each sub-
electrode (in the normal direction).

[0112] Moreover, since only a portion of the liquid crystal
domain formed corresponding to the electrodeless region 15
is included in a picture element region and contributes to the
display, it is preferred that the liquid crystal molecules
included in a collection of liquid crystal domain portions
(segments) that are included in a picture element region are
oriented in all azimuth angles with substantially the same
probability. Thus, it is preferred that the electrodeless regions
15 have a shape and an arrangement such that the liquid
crystal domain segments together form a liquid crystal
domain in a complementary manner. Specifically, it is pre-
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ferred that the shape of the electrodeless region 15 has rota-
tional symmetry and that the electrodeless regions 15 are
arranged so as to have rotational symmetry. Note that since
the liquid crystal domain formed in the electrodeless region
15 has a portion thereof located outside a picture element
region, it may be difficult to arrange the electrodeless regions
15 so that the liquid crystal domain segments together form a
liquid crystal domain in a complementary manner. Neverthe-
less, it is possible to sufficiently reduce the azimuth angle
dependence of the display characteristics as long as the exist-
ence probabilities of the liquid crystal molecules oriented in
various azimuth angles have rotational symmetry (more pref-
erably axial symmetry) for each collection of liquid crystal
domain segments.

[0113] The orientation of the liquid crystal molecules 30a
when the generally star-shaped electrodeless regions 15 sur-
rounding the generally circular sub-electrodes 14a are
arranged in a square lattice pattern, as illustrated in FIG. 1A,
will be described with reference to FI1G. 5A to FIG. 5C.
[0114] EachofFIG.5AtoFIG.5C schematically illustrates
an orientation ofthe liquid crystal molecules 30q as viewed in
the substrate normal direction. In figures, such as FIG. 5B and
FIG. 5C, illustrating the orientation of the liquid crystal mol-
ecules 30a as viewed in the substrate normal direction, a
black-spotted end of the liquid crystal molecule 30a drawn as
an ellipse indicates that the liquid crystal molecule 30z is
inclined so that the end is closer than the other end to the
substrate on which the picture element electrode 14 is pro-
vided. This similarly applies to all of the subsequent figures.
A single unit lattice (formed by four electrodeless regions 15)
in the picture element region illustrated in FIG. 1A will be
described below. Cross-sectional views taken along the
respective diagonals of FIG. 5A to FIG. 5C correspond to
FIG. 1B, FIG. 3A and FIG. 3B, respectively, and FIG. 1B,
FIG. 3A and FIG. 3B will also be referred to in the following
description.

[0115] When the picture element electrode 14 and the
counter electrode 22 are at the same potential, i.e., in a state
where no voltage is applied across the liquid crystal layer 30,
the liquid crystal molecules 30a whose orientation direction
is regulated by the vertical alignment layer (not shown) pro-
vided on one side of each of the TFT substrate 1004 and the
counter substrate 1004 that is closer to the liquid crystal layer
30 take a vertical alignment as illustrated in FIG. 5A.

[0116] When an electric field is applied across the liquid
crystal layer 30 so as to produce an electric field represented
by equipotential lines EQ shown in FIG. 3A, a torque acts
upon the liquid crystal molecules 30a having a negative
dielectric anisotropy so as to direct the axial orientation
thereof to be parallel to the equipotential lines EQ. As
described above with reference to FIG. 4A and F1G. 4B, for
the liquid crystal molecules 30a under an electric field repre-
sented by equipotential lines EQ perpendicular to the molecu-
lar axis thereof, the direction in which the liquid crystal
molecules 30a are to incline (rotate) is not uniquely defined
(FIG. 4A), whereby the orientation change (inclination or
rotation) does not easily occur. In contrast, for the liquid
crystal molecules 30a placed under equipotential lines EQ
inclined with respect to the molecular axis of the liquid crystal
molecules 30a, the direction of inclination (rotation) is
uniquely defined, whereby the orientation change easily
occurs. Therefore, as illustrated in FIG. 5B, the liquid crystal
molecules 30a start inclining from the edge portion of the
electrodeless region 15 where the molecular axis of the liquid
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crystal molecules 30a is inclined with respect to the equipo-
tential lines EQ. Then, the surrounding liquid crystal mol-
ecules 30a incline so as to conform with the orientation of the
already-inclined liquid crystal molecules 30a at the edge
portion of the electrodeless region 15, as described above
with reference to FIG. 4C. Then, the axial orientation of the
liquid crystal molecules 30a becomes stable as illustrated in
FIG. 5C (radially-inclined orientation).

[0117] As described above, when the shape of the elec-
trodeless region 15 has rotational symmetry, the liquid crystal
molecules 30a in the picture element region successively
incline, starting from the edge portion of the electrodeless
region 15 toward the center of the electrodeless region 15
upon application of a voltage. As a result, there is obtained an
orientation in which those liquid crystal molecules 30a
around the center of the electrodeless region 15, where the
respective orientation-regulating forces from the liquid crys-
tal molecules 30a at the edge portions are in equilibrium,
remain in a vertical alignment with respect to the substrate
plane, while the surrounding liquid crystal molecules 30a are
inclined in a radial pattern about those liquid crystal mol-
ecules 30a around the center of the electrodeless region 15,
with the degree of inclination gradually increasing away from
the center of the electrodeless region 15.

[0118] The liquid crystal molecules 30a in a region corre-
sponding to the generally circular sub-electrode 14a sur-
rounded by the four generally star-shaped electrodeless
regions 15 arranged in a square lattice pattern also incline so
as to conform with the orientation of the liquid crystal mol-
ecules 304 that have been inclined by an inclined electric field
produced at the edge portion of each electrodeless region 15.
As a result, there is obtained an orientation in which those
liquid crystal molecules 30a around the center of the sub-
electrode 14a, where the respective orientation-regulating
forces from the liquid crystal molecules 30a at the edge
portions are in equilibrium, remain in a vertical alignment
with respect to the substrate plane, while the surrounding
liquid crystal molecules 30a are inclined in a radial pattern
about those liquid crystal molecules 30a around the center of
the sub-electrode 14a, with the degree of inclination gradu-
ally increasing away from the center of the sub-clectrode 14a.
[0119] As described above, when liquid crystal domains in
each of which the liquid crystal molecules 30a take a radially-
inclined orientation are arranged in a square lattice pattern,
the existence probabilities of the liquid crystal molecules 30a
of the respective axial orientations have rotational symmetry,
whereby it is possible to realize a high-quality display with-
out non-uniformity for any viewing angle. In order to reduce
the viewing angle dependence of a liquid crystal domain
having a radially-inclined orientation, the liquid crystal
domain preferably has a high degree of rotational symmetry
(preferably with at least a two-fold rotation axis, and more
preferably with at least a four-fold rotation axis).

[0120] For the radially-inclined orientation of the liquid
crystal molecules 30a, a radially-inclined orientation having
a counterclockwise or clockwise spiral pattern as illustrated
in FIG. 6B or FIG. 6C, respectively, is more stable than the
simple radially-inclined orientation as illustrated in FIG. 6A.
The spiral orientation is different from a normal twist orien-
tation (in which the orientation direction of the liquid crystal
molecules 30a spirally changes along the thickness of the
liquid crystal layer 30). In the spiral orientation, the orienta-
tion direction of the liquid crystal molecules 30a does not
substantially change along the thickness of the liquid crystal
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layer 30 for aminute region. In other words, the orientation in
a cross section (in a plane parallel to the layer plane) at any
thickness of the liquid crystal layer 30 is as illustrated in FIG.
6B or FIG. 6C, with substantially no twist deformation along
the thickness of the liquid crystal layer 30. For a liquid crystal
domain as a whole, however, there may be a certain degree of
twist deformation.

[0121] Whena material obtained by adding a chiral agent to
a nematic liquid crystal material having a negative dielectric
anisotropy is used, the liquid crystal molecules 30a take a
radially-inclined orientation of a counterclockwise or clock-
wise spiral pattern about the electrodeless region 15 and the
sub-electrode 14a, as illustrated in FIG. 6B or FIG. 6C,
respectively, in the presence of an applied voltage. Whether
the spiral pattern is counterclockwise or clockwise is deter-
mined by the type of chiral agent used. Thus, by controlling
the liquid crystal layer 30 in the electrodeless region 15into a
radially-inclined orientation of a spiral pattern in the presence
of an applied voltage, the direction of the spiral pattern of the
radially-inclined liquid crystal molecules 30a about other
liquid crystal molecules 30a standing vertical to the substrate
plane can be constant in all liquid crystal domains, whereby it
is possible to realize a uniform display without display non-
uniformity. Since the direction of the spiral pattern around the
liquid crystal molecules 30a standing vertical to the substrate
plane is definite, the response speed upon application of a
voltage across the liquid crystal layer 30 is also improved.
[0122] Moreover, when a large amount of a chiral agent is
added, the orientation of the liquid crystal molecules 30a
changes in a spiral pattern along the thickness of the liquid
crystal layer 30 as in a normal twist orientation. In an orien-
tation where the orientation of the liquid crystal molecules
30a does not change in a spiral pattern along the thickness of
the liquid crystal layer 30, the liquid crystal molecules 30a
which are oriented perpendicular or parallel to the polariza-
tion axis of the polarization plate do not give a phase differ-
ence to the incident light, whereby incident light passing
through a region of such an orientation does not contribute to
the transmittance. In contrast, in an orientation where the
orientation of the liquid crystal molecules 30a changes in a
spiral pattern along the thickness of the liquid crystal layer 30,
the liquid crystal molecules 30q that are oriented perpendicu-
lar or parallel to the polarization axis of the polarization plate
also give a phase difference to the incident light, and the
optical rotatory power can also be utilized, whereby incident
light passing through a region of such an orientation also
contributes to the transmittance. Thus, it is possible to obtain
a liquid crystal display device capable of producing a bright
display.

[0123] FIG. 1A illustrates an example in which each sub-
electrode 14¢ has a generally circular shape and each elec-
trodeless region 15 has a generally star shape, wherein such
sub-electrodes 14a and such electrodeless regions 15 are
arranged in a square lattice pattern. However, the shape of the
sub-electrodes 14a and the shape and arrangement of the
electrodeless regions 15 are not limited to those of the
example above.

[0124] FIG. 7A and FIG. 7B are plan views respectively
illustrating the liquid crystal display devices 100A and 100B
having respective electrodeless regions 15 and sub-electrodes
14a of different shapes.

[0125] The electrodeless regions 15 and the sub-electrodes
14a of the liquid crystal display devices 100A and 100B
illustrated in FIG. 7A and FIG. 7B, respectively, are slightly
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distorted from those of the liquid crystal display device 100
illustrated in FIG. 1A. The electrodeless regions 15 and the
sub-electrodes 14a of the liquid crystal display devices 100A
and 100B have a two-fold rotation axis (not a four-fold rota-
tion axis) and are regularly arranged so as to form oblong
rectangular unit lattices. In both of the liquid crystal display
devices 100A and 100B, the electrodeless region 15 has a
distorted star shape, and the sub-electrode 14a has a generally
elliptical shape (a distorted circular shape). The liquid crystal
display devices 100A and 100B illustrated in FIG. 7A and
FIG. 7B also have a high display quality and desirable view-
ing angle characteristic.

[0126] Moreover, liquid crystal display devices 100C and
100D as illustrated in FIG. 8A and FIG. 8B, respectively, also
have a high display quality and desirable viewing angle char-
acteristic.

[0127] Inthe liquid crystal display devices 100C and 100D,
generally cross-shaped electrodeless regions 15 are arranged
in a square lattice pattern so that each sub-electrode 144 has a
generally square shape. Of course, these patterns may be
distorted so that there are oblong rectangular unit lattices. As
described above, it is possible to obtain a liquid crystal dis-
play device having a high display quality and a desirable
viewing angle characteristic alternatively by regularly
arranging the generally rectangular (including a square and
oblong rectangle) sub-electrodes 14a.

[0128] However, the shape of the electrodeless region 15
and/or the sub-electrode 14a is preferably a circle or an
ellipse, rather than a rectangle, so that a radially-inclined
orientation is more stable. It is believed that a radially-in-
clined orientation is more stable with a circular or elliptical
electrodeless region and/or sub-electrode because the edge of
the electrodeless region 15 is more continuous (smooth),
whereby the orientation direction of the liquid crystal mol-
ecules 30a changes more continuously (smoothly).

[0129] Inview ofthe continuity of the orientation direction
of the liquid crystal molecules 30a described above, a liquid
crystal display device 100E as illustrated in FIG. 9 is also
desirable. The liquid crystal display device 100E illustrated in
FIG. 9 is a variation of the liquid crystal display device 100D
illustrated in FIG. 8B in which each side of the electrodeless
region 15 on the sub-electrode 144 is an arc. In the liquid
crystal display device 100E, the electrodeless regions 15 and
the sub-electrodes 144 have a four-fold rotation axis and are
arranged in a square lattice pattern (having a four-fold rota-
tion axis). Alternatively, the shape of the sub-electrode 14a of
the electrodeless region 15 may be distorted into a shape
having a two-fold rotation axis, and such sub-electrodes 144
may be arranged so as to form oblong rectangular lattices
(having a two-fold rotation axis), as illustrated in F1IG. 7A and
FIG. 7B.

[0130] The voltage applied through a liquid crystal domain
formed above the electrodeless region 15 is lower than the
voltage applied through another liquid crystal domain formed
above the sub-electrode 14a. As a result, in a normally black
mode display, for example, the liquid crystal domain formed
above the electrodeless region 15 appears darker. Therefore,
it is preferred that the area ratio of the sub-electrode 144 in a
picture element region is high while that of the electrodeless
region 15 is low.

[0131] In the liquid crystal display device of the present
invention, the picture element electrode 14 includes a plural-
ity of sub-electrodes 14a, whereby it is possible to realize a
stable radially-inclined orientation in a picture element
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region, without being restricted by the shape and size, etc., of
the picture element region, by appropriately arranging the
plurality of sub-electrodes 14« in the picture element region
according to the shape and size, etc., of the picture element
region. In contrast, if the picture element electrode is a single
electrode, it may not be possible to realize a stable radially-
inclined orientation depending on the shape and size, etc., of
the picture element region. The picture element electrode
being a single electrode is not a problem if the picture element
region has a circular or square shape. However, if the picture
element region has an oblong rectangular shape with a large
aspect ratio as in a liquid crystal display device capable of
producing a color display, for example, the electrode needs to
have a shape with a large aspect ratio, and it may not be
possible to realize a stable radially-inclined orientation.
Moreover, when the picture element region has a large size,
for example, the electrode needs to have a large size, in which
case a stable orientation may not be obtained only by the
inclined electric field produced around the electrode.

[0132] Moreover, in the liquid crystal display device of the
present invention, a plurality of sub-electrodes 14a are
arranged (in a line) in a predetermined direction in each
picture element region, as illustrated in FIG. 1A, for example,
whereby it is possible to increase the area ratio of the sub-
electrode 14a and to increase the proportion of the area that
contributes to the display with respect to the total area of the
picture element region (effective aperture ratio), as compared
with a case where the sub-electrodes are arranged in two or
more lines. The reason for this will be described with refer-
ence to FI1G. 10.

[0133] As illustrated in FIG. 10, the liquid crystal display
device 100E includes gate bus lines (scanning lines) 41
extending parallel to one another in the row direction D1, and
source bus lines (signal lines) 42 extending parallel to one
another in the column direction D2. Each gate bus line (scan-
ning line) 41 is electrically connected to the gate electrode of
a TFT (not shown) provided for each picture element region,
and each source bus line (signal line) 42 is electrically con-
nected to the source electrode of the TFT. Moreover, the drain
electrode of the TFT is electrically connected to the picture
element electrode 14. The liquid crystal display device 100E
further includes a storage capacitance line 43.

[0134] In the liquid crystal display device 100E, a number
of sub-electrodes 14qa are arranged in a line in each picture
element region, and a portion of the electrodeless region 15
surrounding the sub-electrodes 14a overlaps with the gate bus
line 41 or the source bus line 42 and such a portion is located
outside the picture element region. Thus, each of the plurality
of electrodeless regions 15 has at least a portion thereof that is
located outside the picture element region.

[0135] When a plurality of sub-electrodes 14a are arranged
in two or more lines, there exists an electrodeless region 15
that is surrounded by the sub-electrodes 14a in each picture
element region, and such an electrodeless region 15 is entirely
located within the picture element region. For example, in a
liquid crystal display device 1000 of a comparative example
in which the sub-electrodes 144 are arranged in two lines, as
illustrated in FIG. 11, there exists an electrodeless region 15
that is surrounded by the sub-electrodes 14a in each picture
element region, and such an electrodeless region 15 is entirely
located within the picture element region. Then, the area ratio
of the electrodeless region 15 in the picture element region
increases, thus decreasing the area ratio of the sub-electrode
14a.
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[0136] 1In contrast, when a plurality of sub-electrodes 14a
are arranged in a line in each picture element region, as
illustrated in FIG. 10, each of the plurality of electrodeless
regions 15 has at least a portion thereof that is located outside
the picture element region, whereby it is possible to reduce
the area ratio of the electrodeless region 15 in the picture
element region and to increase the area ratio of the sub-
electrode 144, and thus to improve the aperture ratio.

[0137] Now, how the aperture ratio can be improved will be
described in greater detail with reference to data obtained by
using a liquid crystal display device of particular specifica-
tions. The specifications of the liquid crystal display device
were as follows: the display area was 15 inches long diago-
nally, the sub-electrode 14a had a generally square shape with
generally arc-shaped corner portions (as illustrated in FIG. 9
and FIG. 10), the width of the gate bus line and the width of
the light blocking layer on the source bus line were 12 pm, and
the interval between the sub-electrodes 14a was 8.5 um. The
transmittance of the liquid crystal display device when the
sub-electrodes 14a were arranged in a line was compared
with that when the sub-electrodes 14a were arranged in two
lines. The transmittance when the sub-electrodes 14a were
arranged in a line was improved, as compared with that when
the sub-electrodes 14a were arranged in two lines, by 6% for
SXGA (1280x1024 pixels), 9% for UXGA (1600x1200 pix-
els), and 11% for QXGA (2048x1536 pixels). Thus, the effect
of improving the aperture ratio by arranging a plurality of
sub-electrodes 14a in a line in each picture element region is
particularly significant for high definition type liquid crystal
display devices.

[0138] Note that in a structure where the picture element
electrode 14 overlaps with the gate bus line 41 or the source
bus line 42 as illustrated in FIG. 10, it is preferred that an
insulative film (e.g., an organic insulative film) is formed to be
as thick as possible on the bus lines, and the picture element
electrode 14 is formed thereon, in order to reduce the influ-
ence from these bus lines.

[0139] Referring to FIG. 12, “S” denotes the length of the
gap between the square unit lattice formed by the electrode-
less regions 15 and the sub-electrode 14a (hereinafter
referred to as the “side spacing S”). The side spacing S needs
to be equal to or greater than a predetermined length in order
to produce an inclined electric field that is required for obtain-
ing a stable radially-inclined orientation.

[0140] While the side spacing S is defined both in the row
direction D1 and in the column direction D2, in the present
embodiment, picture elements that are adjacent to each other
along the row direction D1 are driven with voltages of oppo-
site polarities in each frame as illustrated in FIG. 2. In this
way, as compared with a case where picture elements that are
adjacent to each other along the row direction D1 are not
driven with voltages of opposite polarities, it is possible to
obtain a sufficient orientation-regulating force even if the side
spacing S in the row direction D1 is reduced. This is because
a relatively strong inclined electric field can be produced
when picture elements that are adjacent to each other along
the row direction D1 are driven with voltages of opposite
polarities. The reason for this will be described with reference
to FIG. 13A and FIG. 13B.

[0141] FIG. 13A schematically illustrates equipotential
lines EQ produced when a voltage of +5 V is applied across
the liquid crystal layer in both of two picture element regions
that are adjacent to each other in the row direction D1, and
FIG. 13B schematically illustrates equipotential lines EQ
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produced when a voltage of +5 V is applied across the liquid
crystal layer in one of two picture element regions that are
adjacent to each other in the row direction D1 while applying
a voltage of -5V across the liquid crystal layer in the other
one of the two picture element regions.

[0142] As illustrated in FIG. 13A, when voltages of the
same polarity are applied across the liquid crystal layer in two
adjacent picture element regions, there is produced an electric
field such that the equipotential line EQ forms a continuous
concave/convex pattern.

[0143] Incontrast,asillustrated in FIG. 13B, when voltages
of opposite polarities are applied across the liquid crystal
layer in two adjacent picture element regions, the equipoten-
tial lines EQ representing the electric fields produced in the
two picture element regions are not continuous, but the equi-
potential lines EQ drop sharply in the electrodeless region 15.
Therefore, at the edge portion of the electrodeless region 15,
i.e., around the sub-electrode 14a, a sharp potential gradient
is formed, thereby producing an inclined electric field of a
greater strength than that in the case as illustrated in FIG.
13A.

[0144] As described above, when picture elements that are
adjacent to each other in the row direction D1 are driven with
voltages of opposite polarities, it is possible to obtain a suf-
ficient orientation-regulating force even if the side spacing S
in the row direction D1 is reduced. Thus, it is possible to form
a sufficiently stable radially-inclined orientation even when
the distance between two picture element electrodes 14 that
are adjacent to each other in the row direction D1 is reduced
so as to increase the aperture ratio.

[0145] Further experiments were conducted with the liquid
crystal display device having particular specifications as
shown above (the liquid crystal display device in which the
display area was 15 inches long diagonally, the sub-electrode
14a had a generally square shape with generally arc-shaped
corner portions, the width of the gate bus line and the width of
the light blocking layer on the source bus line were 12 um, and
the interval between the sub-electrodes 14a was 8.5 um).
Specifically, a comparison was made between a case where
picture elements that are adjacent to each other in the row
direction D1 were driven with voltages of opposite polarities,
and a case where they were not driven with voltages of oppo-
site polarities. In a case where picture elements that are adja-
cent to each other in the row direction D1 were not driven with
voltages of opposite polarities, the minimum distance
between the picture element electrodes 14 required for real-
izing a stable radially-inclined orientation was 8.5 um, i.e.,
equal to the distance between the sub-electrodes 14a in each
picture element region. In contrast, in a case where picture
elements that are adjacent to each other in the row direction
D1 were driven with voltages of opposite polarities, it was
possible to obtain a stable radially-inclined orientation even if
the distance between picture element electrodes 14 that are
adjacent to each other in the row direction D1 was reduced to
3 um.

[0146] In the present embodiment, the aperture ratio can
sufficiently be improved when picture elements that are adja-
cent to each other in the row direction D1 are driven with
voltages of opposite polarities, while picture elements that are
adjacent to each other in the column direction D2 are not
driven with voltages of opposite polarities as illustrated in
FIG. 14A (so-called “source line inversion driving method”).
Nevertheless, in order to gain other advantageous effects such
as the effect of suppressing flicker, it is preferred that the
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polarity of the applied voltage is inverted for every n rows
(where 1 is an integer of 1 or more) of picture elements, i.c.,
for every n picture elements in the column direction D2, while
driving picture elements that are adjacent to each other in the
row direction D1 with voltages of opposite polarities. In other
words, it is preferred that the polarity of the voltage applied
across the liquid crystal layer in picture element regions of the
same column is inverted for every n rows in each frame.
[0147] Forexample, as illustrated in FIG. 14B, the polarity
of the applied voltage may be inverted for every 2 rows of
picture elements, i.e., for every 2 picture elements in the
column direction D2 (so-called “2H dot inversion driving
method”). Alternatively, as illustrated in FIG. 14C, the polar-
ity of the applied voltage may be inverted for every row of
picture elements, i.e., for every picture element in the column
direction D2 (so-called “dot inversion driving method”). If
picture elements that are adjacent to each other in the column
direction D2 are driven with voltages of opposite polarities
while picture elements that are adjacent to each other in the
row direction D1 are driven with voltages of opposite polari-
ties, as illustrated in FIG. 14C, it is possible to reduce the
interval between picture element electrodes 14 that are adja-
cent to each other in the column direction D2 and thus to
further improve the aperture ratio.

[0148] Now, the relationship between the shape of the sub-
electrode 14a and the stability of a radially-inclined orienta-
tion and the relationship between the shape of the sub-elec-
trode 14a and the transmittance value will be described.
[0149] A research by the present inventor revealed that with
the spacing of the sub-electrode 14a (the side spacing S)
being constant, the orientation stability is higher as the shape
of the sub-electrode 14a is closer to a circle or an ellipse. This
1s because as the shape of the sub-electrode 14a is closer to a
circle or an ellipse, the continuity in the orientation direction
of the liquid crystal molecules 30a in a radially-inclined
orientation is higher.

[0150] It was also revealed that the transmittance is higher
as the shape of the sub-electrode 14a is closer to a rectangle
suich as a square or an oblong rectangle. This is because with
the value of the side spacing S being constant, as the shape of
the sub-electrode 14a is closer to a rectangle, the area ratio of
the sub-electrode 14a is increased, thereby increasing the area
of the liquid crystal layer that is directly influenced by the
electric field produced by electrodes (the area defined in the
plane perpendicular to the substrate normal direction) and
thus increasing the effective aperture ratio.

[0151] Therefore, the shape of the sub-electrode 14a can be
determined in view of the intended orientation stability and
the intended transmittance.

[0152] When the sub-electrode 14a has a generally square
shape with generally arc-shaped comer portions, as illus-
trated in FIG. 9 and FIG. 10, for example, it is possible to
realize a relatively high orientation stability and a relatively
high transmittance. Of course, similar effects can be obtained
also when the sub-electrode 14a has a generally rectangular
shape with generally arc-shaped corner portions. Note that
due to limitations on the production process, the corner por-
tion of the sub-electrode 14a formed from a conductive film
may not be arc-shaped, strictly speaking, but may instead be
an obtuse polygonal shape (a shape made of a plurality of
angles exceeding 90°), and the corner portion may have a
slightly distorted arc shape (e.g., a portion of an ellipse) or a
distorted polygonal shape, instead of a quarter-arc shape or a
regular polygonal shape (e.g., a portion of a regular polygon).
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Alternatively, the corner portion may have a shape that is a
combination of curves and obtuse angles. The term “genet-
ally arc shape” as used herein may be any of these shapes.
Note that due to similar process-related reasons, the shape of
the generally-circular sub-electrode 14a as illustrated in FIG.
1A may be a polygonal shape or a distorted shape instead of
a strictly circular shape.

[0153] Inview of the response speed, the sub-electrode 14a
may be shaped as in a liquid crystal display device 100F
illustrated in FIG. 15. In the liquid crystal display device 100F
as illustrated in FIG. 15, the shape of the sub-electrode 14a of
the picture element electrode 14 is a distorted square shape
with acute angle corner portions. Note that a corner with an
acute angle as used herein refers to a corner or a rounded
corner having an angle less than 90°.

[0154] When the sub-electrode 14a has a shape with acute
angle corner portions, as illustrated in FIG. 15, the total length
of the edge portion along which an inclined electric field is
produced is increased, whereby the inclined electric field can
be acted upon more liquid crystal molecules 30a. Thus, the
number of liquid crystal molecules 30qa that initially start
inclining in response to an electric field is increased, thereby
reducing the amount of time required for a radially-inclined
orientation to be formed entirely across the picture element
region. As a result, the response speed to the application of a
voltage across the liquid crystal layer 30 is improved.
[0155] Moreover, when the sub-electrode 144 has a shape
with acute angle corners, the existence probability of the
liquid crystal molecules 30q that are oriented in a particular
azimuth angle direction can be increased (or decreased) as
compared to a case where the shape of the sub-electrode 14a
is a generally circular shape or a generally rectangular shape.
In other words, a high directionality can be introduced in the
existence probabilities of the liquid crystal molecules 30a
oriented in various azimuth angle directions. Therefore, when
an acute angle corner is employed in the sub-electrode 14a in
a liquid crystal display device having a polarization plate in
which linearly-polarized light is incident upon the liquid
crystal layer 30, it is possible to decrease the existence prob-
ability of the liquid crystal molecules 30a oriented vertical or
horizontal to the polarization axis of the polarization plate,
i.e., the liquid crystal molecules 30a that do not give a phase
difference to the incident light. Thus, it is possible to improve
the light transmittance and to realize a brighter display.
[0156] Note that it has been stated above that the surface of
the reflection electrode may be provided with minute irregu-
larities in order to realize a white display that is close to paper
white. When the surface of the reflection electrode is provided
with such minute irregularities, equipotential lines parallel to
the surface (in conformity with the minute irregularities) are
formed in the presence of an applied voltage, whereby the
surface of the reflection electrode with minute irregularities
does notexert an orientation-regulating force that controls the
orientation direction of the liquid crystal molecules in the
presence of an applied voltage, and thus does not affect the
formation of a radially-inclined orientation.

[0157] The description above has been primarily directed
to the electrode structure of the TFT substrate 100a and the
function thereof. Now, the structure of the counter substrate
1005 and the function thereof will be described with refer-
enceto FIG. 1B and FIG. 16. FIG. 16 schematically illustrates
a liquid crystal display device 1100 of a comparative
example. The liquid crystal display device 1100 of the com-
parative example is similar to the liquid crystal display device

Oct. 30, 2008

100 in that the picture element electrode 14 of a TFT substrate
11004 includes a plurality of sub-electrodes 14a and that
liquid crystal domains each taking a radially-inclined orien-
tation in the presence of an applied voltage are formed. How-
ever, the liquid crystal display device 1100 is different from
the liquid crystal display device 100inthat a counter substrate
11005 is not provided with a stepped portion, but the TFT
substrate 1100« is provided with a stepped portion by provid-
ing an insulating film 19 under the reflection electrode of the
TFT substrate 1100a.

[0158] As illustrated in FIG. 1B, in the liquid crystal dis-
play device 100 ofthe present invention, the counter substrate
1005 includes a stepped portion including the upper tier
10051 located in the reflection region R, the lower tier 100562
located in the transmission region T, and the side surface
10053 connecting the upper tier 10051 and the lower tier
10052 to each other. whereby the thickness dr of the liquid
crystal layer 30 in the reflection region R is smaller than the
thickness dt of the liquid crystal layer 30 in the transmission
region T. Thus, a stepped portion is provided on the counter
substrate 1005, but not on the TFT substrate 100a, thereby
realizing a multigap structure suitable for displaying an
image both in a transmission mode and a reflection mode.
Therefore, it is not necessary to provide a stepped portion
using the insulating film 19, or the like, under the reflection
electrode, as in the liquid crystal display device 1100 of the
comparative example illustrated in FIG. 16, whereby it is
possible to simplify the production process of the TFT sub-
strate 100a.

[0159] With a multigap structure, the side surface of a
stepped portion is inclined with respect to the substrate plane,
whereby liquid crystal molecules that are oriented vertical to
the side surface cause light leakage in a black display and
lower the contrast ratio. However, in the liquid crystal display
device 100, the side surface 10053 of a stepped portion is
located in the reflection region R, as illustrated in FIG. 1B,
whereby the contrast ratio is not lowered in the transmission
region T, thus suppressing the deterioration in the display
quality. The reflection region R has a lower contrast ratio than
the transmission region T in the first place, and the required
level of display characteristics for the reflection region R is
also lower. Therefore, even if some light leakage occurs in the
reflection region R, it does not affect the display. In contrast,
in the liquid crystal display device 1100 of the comparative
example illustrated in FIG. 16, a side surface 110043 of a
stepped portion is not located in the reflection region R,
whereby transmitted light (light that is used for displaying an
image in a transmission mode) leaks, thus significantly dete-
riorating the display quality.

[0160] Moreover, in the liquid crystal display device 1100
of the comparative example illustrated in FIG. 16, the side
surface 110043 of a stepped portion is an electrodeless region
that is not covered with an electrode. Referring to FIG. 17A,
while an alignment control is done by using an inclined elec-
tric field produced around the side surface 110043, the side
surface 110043 is inclined with respect to the substrate plane,
whereby the alignment control may be difficult depending on
the level of the applied voltage, the inclination angle of the
side surface 110043, etc. For example, as illustrated in FIG.
17B, if the inclination angle of the side surface 110043 is
large, the angle between the equipotential line EQ and the
liquid crystal molecules 30a may be close to 90°, in which
case the orientation-regulating force is significantly weak.
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[0161] In contrast, in the liquid crystal display device 100,
the counter substrate 1005 is provided with a stepped portion,
whereby the side surface 10053 of the stepped portion can be
covered with the electrode 22. Along the side surface 10053
covered with the electrode 22, the equipotential line EQ is
parallel to the side surface 100563 and perpendicular to the
liquid crystal molecules 30q, as illustrated in FIG. 18,
whereby the orientation-regulating force is not exerted.

[0162] As described above, in the liquid crystal display
device 100 of the present invention, a multigap structure is
realized by providing a stepped portion on a substrate differ-
ent from the substrate that is provided with an electrode for
producing an inclined electric field for forming a radially-
inclined orientation, and the side surface 10063 ofthe stepped
portion is located in the reflection region R while being cov-
ered with the electrode 22, whereby it is possible to obtain
advantages related to the production process and to suppress
the deterioration in the display quality due to the inclination
of the side surface 100563 of the stepped portion.

[0163] The liquid crystal display device 100 of the present
embodiment may employ the same arrangement as a vertical
alignment type liquid crystal display device known in the art,
and may be produced by a known production method, except
that the picture element electrode 14 includes a plurality of
sub-electrodes 14q arranged in a line in one of two periodic
arrangement directions, in which picture elements are
arranged periodically, except that picture elements that are
adjacent to each other in the other periodic arrangement
direction are driven with voltages of opposite polarities, and
except that the counter substrate 1005 includes a stepped
portion.

[0164] Note thatin the present embodiment, the transparent
dielectric layer (e.g., a transparent resin layer) 29 is selec-
tively formed in the reflection region R to provide a stepped
portion on the counter substrate 1005. Alternatively, different
materials may be used for the color filter layer in the reflection
region R and that in the transmission region T, with the
thickness of the color filter layer in the reflection region R
being larger than that in the transmission region T, thus form-
ing a stepped portion. Since light used in the transmission
mode passes through the color filter layer only once while
light used in the reflection mode passes -through the color
filter layer twice, if the optical density of the color filter layer
in the transmission region T is the same as that in the reflec-
tion region R, the color purity and/or the brightness will be
lower in the reflection region R. However, where different
materials are used for the color filter layer in the reflection
region R and that in the transmission region T as described
above, the optical density of the color filter layer in the reflec-
tion region R can be made smaller than that in the transmis-
sion region T, whereby it is possible to improve the color
purity and/or the brightness in the reflection region R.

[0165] Typically, a vertical alignment film (not shown) as a
vertical alignment layer is provided on one side of each of the
picture element electrode 14 and the counter electrode 22 that
is closer to the liquid crystal layer 30 so as to vertically align
the liquid crystal molecules having a negative dielectric
anisotropy.

[0166] The liquid crystal material may be a nematic liquid
crystal material having a negative dielectric anisotropy. A
guest-host mode liquid crystal display device can be obtained
by adding a dichroic dye to a nematic liquid crystal material

Oct. 30, 2008

having a negative dielectric anisotropy. A guest-host mode
liquid crystal display device does not require a polarization
plate.

[0167] A so-called “vertical alignment type liquid crystal
display device”, including a liquid crystal layer in which
liquid crystal molecules having a negative dielectric anisot-
ropy are vertically aligned in the absence of an applied volt-
age, is capable of displaying an image in various display
modes. For example, a vertical alignment type liquid crystal
display device may be used in an optical rotation mode or in
a display mode that is a combination of an optical rotation
mode and a birefringence mode, in addition to a birefringence
mode in which an image is displayed by controlling the bire-
fringence of the liquid crystal layer with an electric field. It is
possible to obtain a birefringence-mode liquid crystal display
device by providing a pair of polarization plates on the outer
side (the side away from the liquid crystal layer 30) of the pair
of substrates (e.g., the TFT substrate and the counter sub-
strate) of any of the liquid crystal display devices described
above. Moreover, a phase difference compensator (typically a
phase plate) may be provided as necessary. Furthermore, a
liquid crystal display device with a high brightness can be
obtained also by using generally circularly-polarized light.

Embodiment 2

[0168] The liquid crystal display device of the present
embodiment is different from the liquid crystal display device
100 of Embodiment 1 in that the counter substrate includes an
orientation-regulating structure.

[0169] FIG. 19A to FIG. 19E schematically illustrate a
counter substrate 2005 having an orientation-regulating
structure 28. Each element having substantially the same
function as that of the liquid crystal display device 100 will be
denoted by the same reference numeral and will not be further
described.

[0170] Theorientation-regulating structure 28 illustrated in
FIG. 19A to FIG. 19E functions to orient the liquid crystal
molecules 30a of the liquid crystal layer 30 into a radially-
inclined orientation. Note that the orientation-regulating
structure 28 illustrated in FIG. 19A to FIG. 19D and that
illustrated in FIG. 19E are different in terms of the direction in
which the liquid crystal molecules 30a are to be inclined.
[0171] The direction in which the liquid crystal molecules
are inclined by the orientation-regulating structure 28 illus-
trated in FIG. 19A to FIG. 19D is aligned with the orientation
direction of the radially-inclined orientation of each liquid
crystal domain that is formed in a region corresponding to the
sub-electrode 14a (see, for example, FIG. 1A and FIG. 1B) of
the picture element electrode 14. In contrast, the direction in
which the liquid crystal molecules are inclined by the orien-
tation-regulating structure 28 illustrated in FIG. 19E is
aligned with the orientation direction of the radially-inclined
orientation of each liquid crystal domain that is formed in a
region corresponding to the electrodeless region 15 (see, for
example, FIG. 1A and FIG. 1B) of the picture element elec-
trode 14.

[0172] Theorientation-regulating structure 28 illustrated in
FIG. 19A is formed by an opening 22a of the counter elec-
trode 22 and the sub-electrode 14a of the picture element
electrode (not shown in FIG. 19A; see, for example, FIG. 1A)
14 opposing the opening 22a. A vertical alignment film (not
shown) is provided on one surface of the counter substrate
2005 that is closer to the liquid crystal layer 30.
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[0173] The orientation-regulating structure 28 exerts an
orientation-regulating force only in the presence of an applied
voltage. Since the orientation-regulating structure 28 is only
required to exert an orientation-regulating force upon the
liquid crystal molecules in each liquid crystal domain in a
radially-inclined orientation formed by the electrode struc-
ture of the TFT substrate 1004, the size of the opening 22a is
smaller than the electrodeless region 15 provided in the TFT
substrate 100a, and smaller than the sub-electrode 14a (see,
for example, FIG. 1A) which is surrounded by the electrode-
less regions 15. For example, a sufficient effect can be
obtained only with an area less than or equal to one half of that
of the electrodeless region 15 or the sub-electrode 14a. When
the opening 22a of the counter electrode 22 is provided so as
to oppose the central portion of the sub-electrode 14a of the
picture element electrode 14, the continuity of the orientation
of the liquid crystal molecules increases, and it is possible to
fix the position of the central axis of the radially-inclined
orientation.

[0174] As described above, when a structure exerting an
orientation-regulating force only in the presence of an applied
voltage is employed as the orientation-regulating structure,
substantially all of the liquid crystal molecules 30a of the
liquid crystal layer 30 take a vertical alignment in the absence
of an applied voltage. Therefore, when employing a normally
black mode, substantially no light leakage occurs in a black
display, thereby realizing a display with a desirable contrast
ratio.

[0175] However, in the absence of an applied voltage, the
orientation-regulating force is not exerted and thus the radi-
ally-inclined orientation is not formed. Moreover, when the
applied voltage is low, there is only a weak orientation-regu-
lating force, whereby an after image may be observed when a
considerable stress is applied upon the liquid crystal panel.
[0176] Each of the orientation-regulating structures 28
illustrated in FIG. 19B to FIG. 19D exerts an orientation-
regulating force regardless of the presence/absence of an
applied voltage, whereby it is possible to obtain a stable
radially-inclined orientation at any display gray level, and
there is provided a high resistance to a stress.

[0177] Theorientation-regulating structure 28 illustrated in
FIG. 19B includes a protrusion (rib) 225 that is provided on
the counter electrode 22 so as to protrude into the liquid
crystal layer 30. While there is no particular limitation on the
material of the protrusion 225, the protrusion 225 can be
easily provided by using a dielectric material such as a resin.
A vertical alignment film (not shown) is provided on one
surface of the counter substrate 20056 that is closer to the
liquid crystal layer 30. The protrusion 225 orients the liquid
crystal molecules 30« into a radially-inclined orientation by
virtue of the configuration of the surface thereof (with a
vertical alignment power). It is preferred to use a resin mate-
rial that deforms by heat, in which case it is possible to easily
form the protrusion 225 having a slightly-humped cross sec-
tion as illustrated in FIG. 19B through a heat treatment after
patterning. The protrusion 226 having a slightly-humped
cross section with a vertex (e.g., a portion of a sphere) as
illustrated in the figure or a conical protrusion provides a
desirable effect of fixing the central position of the radially-
inclined orientation.

[0178] Theorientation-regulating structure 28 illustrated in
FIG. 19C is provided as a surface having a horizontal align-
ment power facing the liquid crystal layer 30 that is provided
in an opening (or a depressed portion) 23a in a dielectric layer
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23 formed under the counter electrode 22 (i.e., on one side of
the counter electrode 22 that is closer to the substrate 21). A
vertical alignment film 24 is provided so as to cover one side
of the counter substrate 2005 that is closer to the liquid crystal
layer 30 while leaving a region corresponding to the opening
23a uncovered, whereby the surface in the opening 234 func-
tions as a horizontal alignment surface. Alternatively, a hori-
zontal alignment film 25 may be provided only in the opening
23q as illustrated in FIG. 19D.

[0179] The horizontal alignment film illustrated in FIG.
19D can be provided by, for example, once providing the
vertical alignment film 24 across the entire surface of the
counter substrate 2005, and then selectively irradiating a por-
tion of the vertical alignment film 24 in the opening 234 with
UV light so as to reduce the vertical alignment power thereof.
The horizontal orientation power required for the orientation-
regulating structure 28 does not have to be so high that the
resulting pretilt angle is as small as that resulting from an
alignment film used in a TN type liquid crystal display device.
For example, a pretilt angle of 45° or less is sufficient.
[0180] As illustrated in FIG. 19C and FIG. 19D, on the
horizontal orientation surface in the opening 23a, the liquid
crystal molecules 30a are urged to be horizontal with respect
to the substrate plane. As a result, the liquid crystal molecules
30a form an orientation that is continuous with the orientation
ofthe surrounding, vertically aligned liquid crystal molecules
30a on the vertical alignment film 24, thereby obtaining a
radially-inclined orientation as illustrated in the figure.
[0181] A radially-inclined orientation can be obtained only
by selectively providing a horizontal orientation surface (e.g.,
the surface of the electrode, or a horizontal alignment film) on
the flat surface of the counter electrode 22 without providing
a depressed portion (that is formed by the opening in the
dielectric layer 23) on the surface of the counter electrode 22.
However, the radially-inclined orientation can be further sta-
bilized by virtue of the surface configuration of the depressed
portion.

[0182] Ttis preferred to use acolor filter layer or an overcoat
layer of a color filter layer as the dielectric layer 23, for
example, to form the depressed portion in the surface of the
counter substrate 2005 that is closer to the liquid crystal layer
30, because it adds nothing to the process. In the structures
illustrated in FIG. 19C and FIG. 19D, there is little decrease
in light efficiency because there is no region where a voltage
is applied across the liquid crystal layer 30 via the protrusion
22b as in the structure illustrated in FIG. 19A.

[0183] Inthe orientation-regulating structure 28 illustrated
in FIG. 19E, a depressed portion is formed on one side of the
counter substrate 2004 that is closer to the liquid crystal layer
30 by using the opening 23a of the dielectric layer 23, as in the
orientation-regulating structure 28 illustrated in FIG. 19D,
and a horizontal alignment film 26 is formed only in the
bottom portion of the depressed portion. Instead of forming
the horizontal alignment film 26, the surface of the counter
electrode 22 may be exposed as illustrated in FIG. 19C.
[0184] A liquid crystal display device 200 having the ori-
entation-regulating structure as described above is shown in
FIG. 20A and FIG. 20B. FIG. 20A is a plan view, and FIG.
20B is a cross-sectional view taken along line 20B-20B' of
FIG. 20A.

[0185] The liquid crystal display device 200 includes the
TFT substrate 100a having the picture element electrode 14
including the sub-electrodes 14¢ and the electrodeless
regions 15, and the counter substrate 2005 having the orien-
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tation-regulating structure 28. The structure of the TFT sub-
strate 100a is not limited to the structure illustrated herein, but
may be any other structure described above. Moreover, while
a structure that exerts an orientation-regulating force even in
the absence of an applied voltage (FIG. 19B to FIG. 19D and
FIG. 19E) will be used as the orientation-regulating structure
28, the orientation-regulating structure 28 illustrated in FIG.
19B to FIG. 19D can be replaced with that illustrated in FIG.
19A.

[0186] Among the orientation-regulating structures 28 pro-
vided in the counter substrate 2005 of the liquid crystal dis-
play device 200, the orientation-regulating structure 28 pro-
vided around the center of a region opposing the sub-
electrode 14¢ of the picture element electrode 14 is one of
those illustrated in F1G. 19B to FIG. 19D, and the orientation-
regulating structure 28 provided around the center of a region
opposing the electrodeless region 15 of the picture element
electrode 14 is one illustrated in FIG. 19E.

[0187] With such an arrangement, in the presence of an
applied voltage across the liquid crystal layer 30, i.e., in the
presence of an applied voltage between the picture element
electrode 14 and the counter electrode 22, the direction of the
radially-inclined orientation formed by the sub-electrode 14a
of the picture element electrode 14 is aligned with the direc-
tion of the radially-inclined orientation formed by the orien-
tation-regulating structure 28, thereby stabilizing the radi-
ally-inclined orientation. This is schematically shown in FIG.
21Ato FIG. 21C. FIG. 21A illustrates a state in the absence of
an applied voltage, FIG. 21B illustrates a state where the
orientation has just started to change (initial ON state) after
application of a voltage, and FIG. 21C schematically illus-
trates a steady state during the voltage application.

[0188] As illustrated in FIG. 21A, the orientation-regulat-
ing force exerted by the orientation-regulating structure (FIG.
19B to FIG. 19D) 28 acts upon the liquid crystal molecules
30q in the vicinity thereof even in the absence of an applied
voltage, thereby forming a radially-inclined orientation.
[0189] When voltage application begins, an electric field
represented by equipotential lines EQ shown in FIG. 21B is
produced (by the electrode structure of the TFT substrate
100q), and a liquid crystal domain in which the liquid crystal
molecules 30a are in a radially-inclined orientation is formed
in each region corresponding to the electrodeless region 15
and each region corresponding to the sub-electrode 14a, and
the liquid crystal layer 30 reaches a steady state as illustrated
in FIG. 21C. The inclination direction of the liquid crystal
molecules 30a in each liquid crystal domain coincides with
the direction in which the liquid crystal molecules 30a are
inclined by the orientation-regulating force exerted by the
orientation-regulating structure 28 that is provided in a cor-
responding region.

[0190] When a stress is applied upon the liquid crystal
display device 200 in a steady state, the radially-inclined
orientation of the liquid crystal layer 30 once collapses, but
upon removal of the stress, the radially-inclined orientation is
restored because of the orientation-regulating forces from the
sub-electrode 144 and the orientation-regulating structure 28
acting upon the liquid crystal molecules 30a. Therefore, the
occurrence of an after image due to a stress is suppressed.
When the orientation-regulating force from the orientation-
regulating structure 28 is excessively strong, retardation
occurs even in the absence of an applied voltage due to the
radially-inclined orientation, whereby the display contrast
ratio may decrease. However, the orientation-regulating force
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from the orientation-regulating structure 28 does not have to
be strong because it is only required to have an effect of
stabilizing a radially-inclined orientation formed by an
inclined electric field and fixing the central axis position
thereof. Therefore, an orientation-regulating force that would
not cause such a degree of retardation as to deteriorate the
display quality is sufficient.

[0191] For example, when the protrusion (rib) 225 illus-
trated in FIG. 19B is employed, each protrusion 225 may have
adiameter of about 15 pm and a height (thickness) of about 1
um for the sub-electrode 14a having a diameter of about 30
wm to about 35 um, thereby obtaining a sufficient orientation-
regulating force and suppressing the reduction in the contrast
ratio due to retardation to a practical level.

[0192] FIG. 22A and FIG. 22B illustrate another liquid-
crystal display device 200" including an orientation-regulat-
ing structure.

[0193] The liquid crystal display device 200" does not have
the orientation-regulating structure in a region opposing the
electrodeless region 15 of the TFT substrate 100a. Formation
of the orientation-regulating structure 28 illustrated in FIG.
19E which should be formed in a region opposing the elec-
trodeless region 15 introduces difficulties into the process.
Therefore, in view of the productivity, it is preferred to use
only one of the orientation-regulating structures 28 illustrated
in FIG. 19A to FIG. 19D. Particularly, the orientation-regu-
lating structure 28 illustrated in FIG. 19B is preferred because
it can be produced by a simple process.

[0194] Even if no orientation-regulating structure is pro-
vided in a region corresponding to the electrodeless region 15
as in the liquid crystal display device 200", substantially the
same radially-inclined orientation as that of the liquid crystal
display device 200 is obtained, as schematically illustrated in
FIG. 23A to FIG. 23C, and also the stress resistance thereof is
at a practical level.

[0195] In a case where the protrusion 22 as illustrated in
FIG. 19B is employed as the orientation-regulating structure
28, the thickness of the liquid crystal layer 30 may be defined
by the protrusion 22, as illustrated in FIG. 24A. In other
words, the protrusion 225 may function also as a spacer that
controls the cell gap (the thickness of the liquid crystal layer
30). Such an arrangement is advantageous in that it is not
necessary to separately provide a spacer for defining the
thickness of the liquid crystal layer 30, thereby simplifying
the production process.

[0196] In the illustrated example, the protrusion 225 has a
truncated cone shape with a side surface 2241 that is inclined
by a taper angle 0 less than 90° with respect to the substrate
plane of the substrate 21. When the side surface 2251 is
inclined by an angle less than 90° with respect to the substrate
plane, the side surface 2251 of the protrusion 224 has an
orientation-regulating force of the same direction as that of
the orientation-regulating force exerted by the inclined elec-
tric field for the liquid crystal molecules 30a of the liquid
crystal layer 30, thereby functioning to stabilize the radially-
inclined orientation.

[0197] As schematically illustrated in FIG. 24A to FIG.
24C, a radially-inclined orientation similar to that obtained
with the liquid crystal display device 200' can be obtained
also with the protrusion 225 that functions also as a spacer.
[0198] While the protrusion 225 has the side surface 2251
that is inclined by an angle less than 90° with respect to the
substrate plane in the example illustrated in FIG. 24 A to FIG.
24C, the protrusion 225 may alternatively have the side sur-
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face 2241 that is inclined by an angle of 90° or more with
respect to the substrate plane. In view of the stability of the
radially-inclined orientation, it is preferred that the inclina-
tion angle of the side surface 2241 does not substantially
exceed 90°, and it is more preferred that the inclination angle
is less than 90°. Even if the inclination angle exceeds 90°, as
long as it is close to 90° (as long as it does not substantially
exceed 90°), theliquid crystal molecules 304 in the vicinity of
the side surface 2251 of the protrusion 225 are inclined in a
direction substantially parallel to the substrate plane and thus
take aradially-inclined orientation conforming with the incli-
nation direction of the liquid crystal molecules 30a at the edge
portion, with only a slight twist. However, if the inclination
angle of the side surface 2251 of the protrusion 225 substan-
tially exceeds 90° as illustrated in FIG. 25, the side surface
2251 of the protrusion 225 will have an orientation-regulating
force of the opposite direction to the orientation-regulating
force exerted by the inclined electric field for the liquid crys-
tal molecules 30a of the liquid crystal layer 30, whereby the
radially-inclined orientation may not be stable.

[0199] The protrusion 224 that functions also as a spacer is
not limited to a protrusion having a truncated cone shape as
illustrated in FIG. 24A and FIG. 24B. For example, the pro-
trusion 225 may have a shape as illustrated in FIG. 26 such
that the cross section thereof in a plane vertical to the sub-
strate plane is a part of an ellipse (i.e., a shape such as a part
of an elliptical sphere). In the protrusion 224 illustrated in
FIG. 26, while the inclination angle (taper angle) of the side
surface 2251 with respect to the substrate plane varies along
the thickness of the liquid crystal layer 30, the inclination
angle of the side surface 2251 is less than 90° regardless of the
position along the thickness of the liquid crystal layer 30.
Thus, the protrusion 225 having such a shape may suitably be
used as a protrusion for stabilizing a radially-inclined orien-
tation.

[0200] The protrusion 225 as described above that is in
contact with both the upper and lower substrates (the TFT
substrate and the counter substrate) and functions also as a
spacer defining the thickness of the liquid crystal layer 30
may be formed either on the upper substrate or on the lower
substrate in the process of producing a liquid crystal display
device. Regardless of whether it is formed on the upper or
lower substrate, the protrusion 224 will be in contact with
both substrates, functioning as a spacer and as the orientation-
regulating structure, once the upper and lower substrates are
attached to each other.

[0201] It is not necessary that all of the protrusions 226
provided in regions opposing the sub-electrodes 14a function
as spacers. By forming some of the protrusions 225 to be
lower than the other protrusions 225 that function as spacers,
it is possible to suppress the occurrence of light leakage.

[0202] Alternative liquid crystal display devices of the
present embodiment will now be described.

[0203] The TFT substrate 100a of each of liquid crystal
display devices 200A and 200B illustrated in FIG. 27 A, FIG.
27B and F1G. 28 includes, in each picture element region, the
picture element electrode 14 including three sub-electrodes
14a. Two of the three sub-electrodes 14a provided in a picture
element region are transparent electrodes and the remaining
one sub-electrode 14a is a reflection electrode. The sub-elec-
trodes 14a each have a square shape. Moreover, the counter
substrate 2005 of each of the liquid crystal display devices
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200A and 200B includes the protrusion (rib) 22 as the orien-
tation-regulating structure in a region opposing the sub-elec-
trode 14a.

[0204] Theliquid crystal display device 200A illustrated in
FIG. 27A and the liquid crystal display device 200B illus-
trated in F1G. 27B are different from each other in the struc-
ture of the transparent dielectric layer 29 of the counter sub-
strate 2004. Specifically, in the liquid crystal display device
200A, the transparent dielectric layer 29 is formed separately
(individually) in each picture element region, as illustrated in
FIG. 27A, whereas in the liquid crystal display device 200B,
the transparent dielectric layer 29 in a picture element region
is continuous with the transparent dielectric layers 29 in other
picture element regions that are adjacent to the picture ele-
ment region in the row direction D1, as illustrated in FIG.
27B. Where the transparent dielectric layer 29 in a picture
element region is continuous with the transparent dielectric
layers 29 in other picture element regions that are adjacent to
the picture element region in a certain direction, as illustrated
in FIG. 27B, it is no longer necessary to consider the align-
ment margin for the transparent dielectric layers 29 in that
direction, whereby itis possible to reduce the pixel interval in
the direction, thus improving the aperture ratio and the pro-
ductivity.

[0205] Inthe liquid crystal display devices 200A and 200B
illustrated in FIG. 27A and FIG. 27B, respectively, the picture
element regions are arranged so that the reflection regions R
of picture element regions adjacent to one another in the row
direction D1 are adjacent to one another. In contrast, in liquid
crystal display devices 200C, 200D, 200E and 200F illus-
trated in FIG. 29A, FIG. 29B, FIG. 30A and FIG. 30B,
respectively, the reflection region R of each picture element
region is not only adjacent to the reflection region R of a next
picture element region in the row direction D1 but also adja-
cent to the reflection region R of a next picture element region
in the column direction D2.

[0206] In the liquid crystal display device 200C illustrated
in FIG. 29A, the transparent dielectric layer 29 is formed
separately in the reflection region R in each picture element
region. In contrast, in the liquid crystal display devices 200D,
200E and 200F illustrated in FIG. 29B, FIG. 30A and FIG.
30B, respectively, the transparent dielectric layer 29 in a
picture element region is continuous with the transparent
dielectric layers 29 in other picture element regions that are
adjacent to the picture element region in the row direction D1
and/or the column direction D2, whereby it is possible to
improve the aperture ratio and the productivity. Particularly,
in the liquid crystal display device 200F illustrated in FIG.
30B, the transparent dielectric layer 29 in a picture element
region is continuous with the transparent dielectric layers 29
in other picture element regions that are adjacent to the pic-
ture element region in the row direction D1 and with the
transparent dielectric layer 29 in another picture element
region that is adjacent to the picture element region in the
column direction D2, whereby it is no longer necessary to
consider the alignment margin for the transparent dielectric
layers 29 in the row direction D1 or in the column direction
D2. This arrangement is highly effective in improving the
aperture ratio and the productivity.

[0207] While FIG. 27 to FIG. 30 illustrate arrangements
where each picture element region is equally divided into
regions defined by the sub-electrodes 14a (referred to as
“sub-picture element regions”) having the same size and the
same shape, it is not necessary in the present invention that the
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picture element region is divided equally. One or more of the
sub-picture element regions of one picture element region
may have a different size/shape from that of the other sub-
picture element regions, or a sub-picture element region in the
transmission region T may have a different size/shape from
that of a sub-picture element region in the reflection region R.
Moreover, while FIG. 27 to FIG. 30 illustrate arrangements
where a sub-picture element region has a square shape and
has an aspect ratio of 1:1, it is not necessary in the present
invention that the aspect ratio of the sub-picture element
region is 1:1.

[0208] A liquid crystal display device 200G illustrated in
FIG. 31A is different from the liquid crystal display device
200A illustrated in FIG. 27A in that the sub-electrode 14a
provided in the reflection region R has an oblong rectangular
shape, and the sub-picture element region in the reflection
region R has an oblong rectangular shape. While it may be
difficult to form all the sub-picture element regions in the
picture element region with an aspect ratio of 1:1 depending
on the aspect ratio of the picture element region, if one or
more of the sub-picture element regions have a different
shape (e.g., an oblong rectangular shape) from others, as
illustrated in FIG. 31A, the plurality of sub-electrodes 14a
can be arranged within a picture element region as closely as
possible, whereby it is possible to increase the arearatio of the
sub-electrode 14¢ in each picture element region, thus
increasing the aperture ratio. Note that where the size/shape
of one or more of the sub-picture element regions is adjusted
according to the aspect ratio of the picture element region, the
display is less influenced if the size/shape of the sub-picture
element region in the reflection region R is adjusted. This is
because the reflection region R, having a smaller cell gap (the
thickness of the liquid crystal layer 30), has a better response
characteristic in the first place, and the required level of
display quality is lower than that in the transmission region T.

[0209] A liquid crystal display device 200H illustrated in
FIG. 31B is similar to the liquid crystal display device 200A
illustrated in FIG. 27A except that two square-shaped sub-
picture element regions (the sub-picture element electrodes
14a) arranged in the transmission region T are replaced by a
single oblong rectangular sub-picture element region (the
sub-picture element electrode 14a) with a larger aspect ratio
(about 1:2). If the number of sub-picture element regions (the
sub-electrodes 14a) in each picture element region is reduced
by using sub-picture element regions (the sub-electrodes 14a)
of alarger aspect ratio, although the orientation stability and
the response speed decrease, the area ratio of the electrodeless
region 15 in the picture element region can be reduced,
whereby it is possible to further improve the aperture ratio. A
research by the present inventor revealed that a sufficiently
stable radially-inclined orientation can be obtained even with
the sub-electrodes 14a having an aspect ratio of about 1:2.

[0210] Moreover, depending on the shape of the picture
element region, all of the sub-picture element regions (the
sub-picture element electrodes 14a) in each picture element
region may be oblong rectangular, as in liquid crystal display
devices 2001 and 20017 illustrated in FIG. 32A and FIG. 32B,
respectively, to improve the aperture ratio. In the liquid crys-
tal display device 2001 illustrated in FIG. 324, two sub-
picture element regions (the sub-electrodes 14a) in the trans-
mission region T and one sub-picture element region (the
sub-electrode 14a) in the reflection region R are all oblong
rectangular. Moreover, in the liquid crystal display device
2007 illustrated in FIG. 32B, one sub-picture element region
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(the sub-electrode 14a) in the transmission region T and one
sub-picture element region (the sub-electrode 14a) in the
reflection region R are both oblong rectangular.

[0211] Note that FIG. 27 to FIG. 32 illustrate arrangements
where an imageis displayed preferentially in the transmission
mode, with the area ratio between the transmission region T
and the reflection region R being about 2:1. It is understood
that where an image is displayed preferentially in the reflec-
tion mode, the area ratio of the reflection region R can be
made higher than that of the transmission region T as in liquid
crystal display devices 200K and 200L illustrated in FIG.
33A and FIG. 33B, respectively.

[0212] In the liquid crystal display device 200K illustrated
in FIG. 33A, two of the three square-shaped sub-electrodes
14a in each picture element region are reflection electrodes
and the remaining one square-shaped sub-electrode 14a is a
transparent electrode, with the area ratio between the trans-
mission region T and the reflection region R being about 1:2.

[0213] Inthe liquid crystal display device 200L illustrated
in FIG. 33B, each picture element region includes one square-
shaped sub-electrode 14a being a transparent electrode and
one oblong rectangular-shaped (aspect ratio: about 1:2) sub-
electrode 14a being a reflection electrode, with the area ratio
between the transmission region T and the reflection region R
also being about 1:2.

[0214] Moreover, in order to improve the response charac-
teristic of the liquid crystal layer 30 in the transmission region
T, each sub-electrode 14a in the transmission region T may
have a shape with acute angle corners, as in a liquid crystal
display device 200M illustrated in FIG. 34A. Alternatively, in
order to increase both the orientation stability and the trans-
mittance for the transmission region T, each sub-electrode
14q in the transmission region T may be formed in a barrel-
like shape (a generally square shape with generally arc-
shaped corner portions), as in a liquid crystal display device
200N illustrated in FIG. 34B.

[0215] Note that while the present embodiment is directed
to liquid crystal display devices including orientation-regu-
lating structures on the counter substrate 2005, a research by
the present inventor on various arrangements revealed that a
stable radially-inclined orientation can be formed also by
providing a protrusion (rib) on a central portion of the sub-
electrode 14a of the TFT substrate 100a. Where the protru-
sion 225 as an orientation-regulating structure is provided on
the counter substrate 2005 in a region opposing the sub-
electrode 14a, as illustrated in FIG. 35A, the orientation-
regulating force of the protrusion 225 conforms with the
orientation-regulating force of an inclined electric field pro-
duced at the edge portion of the electrodeless region 15. In
contrast, where a protrusion (rib) 18 is provided on a central
portion of the sub-electrode 14a of the TFT substrate 100a, as
illustrated in FIG. 35B, the orientation-regulating force
thereof apparently does not conform with the orientation-
regulating force of an inclined electric field produced at the
edge portion of the electrodeless region 15. However, since
the protrusion 18 exerts a strong orientation-regulating force
by virtue of the surface configuration thereof, the liquid crys-
tal molecules 30a above the sub-electrode 14¢ in the presence
of an applied voltage create a twisted metastable state so as to
conform with the orientation of the liquid crystal molecules
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30q around the edge portion of the electrodeless region 15,
whereby a stable radially-inclined orientation can be formed.

Embodiment 3

[0216] A liquid crystal display device 300 of the present
embodiment will now be described with reference to FIG. 36.
The liquid crystal display device 300 is different from the
liquid crystal display device 100 illustrated in FIG. 1A and
FIG. 1B in that the thickness de of the liquid crystal layer 30
at an edge portion of the sub-electrode 14a placed in the
transmission region T is smaller than the thickness dc of the
liquid crystal layer 30 at a central portion of the sub-electrode
14aq, as illustrated in FIG. 36.

[0217] The response speed of the liquid crystal molecules
30a is typically higher as the thickness of the liquid crystal
layer 30 (cell gap) is smaller (whereby the effect of the elec-
tric field is more significant), and it is generally inversely
proportional to the square of the thickness of the liquid crystal
layer 30. Therefore, if the thickness de of the liquid crystal
layer 30 at the edge portion (outer periphery) of the sub-
electrode 14q is smaller than the thickness dc of the liquid
crystal layer 30 at the central portion of the sub-electrode 14a,
as in the present embodiment, the response speed of the liquid
crystal molecules 30a above the edge portion of the sub-
electrode 14q is higher than that of the liquid crystal mol-
ecules 30q above the central portion of the sub-electrode 14a.
The liquid crystal molecules 30a above the edge portion are
those that trigger the formation of a radially-inclined orien-
tation. Therefore, if the response speed of the liquid crystal
molecules 30a above the edge portion is increased, a liquid
crystal domain is formed more quickly. As a result, the
response speed of the entire region of the liquid crystal layer
30 where a liquid crystal domain is formed is increased.
Therefore, the liquid crystal display device 300 of the present
embodiment has a desirable response characteristic.

[0218] Note that while the response speed can be further
increased by decreasing the cell gap across the entire picture
element region, it is then necessary to increase the refractive
index anisotropy (An) of the liquid crystal material to give a
predetermined retardation to light passing through the liquid
crystal layer 30. With common liquid crystal materials, how-
ever, the viscosity increases as the refractive index anisotropy
increases, thereby canceling out the advantage of an
improved response speed obtained by reducing the cell gap.
Therefore, it is not possible to sufficiently improve the
response speed by simply reducing the thickness of the liquid
crystal layer 30 entirely across the picture element region.
[0219] In contrast, in the liquid crystal display device 300
of the present embodiment, the cell gap is reduced only in a
portion of the picture element region (a region corresponding
to the edge portion of the sub-electrode 14@), and it is not
necessary to increase the refractive index anisotropy (An) of
the liquid crystal material, whereby it is possible to suffi-
ciently improve the response speed.

[0220] 1In order to sufficiently improve the response speed,
the difference between the thickness de of the liquid crystal
layer 30 at the edge portion of the sub-electrode 14¢ and the
thickness dc of the liquid crystal layer 30 at the central portion
thereof is preferably 0.5 um, more preferably 1 pm or more,
and even more preferably 1.5 pm or more.

[0221] Note that while a structure where the cell gap is
smaller at the edge portion of the sub-electrode 14a than at the
central portion of the sub-electrode 14a is employed for the
transmission region T in the present embodiment, such a
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structure may alternatively be employed for the reflection
region R or for both the transmission region T and the reflec-
tion region R. Note however that since the reflection region R
has a smaller cell gap in the first place, a desirable effect of
improving the response speed can be obtained by reducing the
cell gap at the edge portion at least in the transmission region
T

[0222] In the present embodiment, the thickness de of the
liquid crystallayer 30 at the edge portion is made smaller than
the thickness dc of the liquid crystal layer 30 at the central
portion by setting the height of the surface of the sub-elec-
trode 14a at the edge portion to be larger than that at the
central portion of the sub-electrode 14a, as illustrated in FIG.
36. More specifically, the interlayer insulating film 19 is
provided between the picture element electrode 14 and the
transparent substrate 11 with the height of the surface of the
interlayer insulating film 19 being locally changed, whereby
the surface of the sub-electrode 14a at the edge portion
thereof is higher than that at the central portion thereof.

[0223] The interlayer insulating film 19 of the present
embodiment includes a first region 19a where the height of
the surface thereof on the side closer to the liquid crystal layer
30 changes continuously and a second region 196 where the
height of the surface thereof on the side closer to the liquid
crystal layer 30 is substantially constant. The edge portion of
the sub-electrode 144 in the transmission region T is located
in the first region 19a and the central portion of the sub-
electrode 14q is located in the second region 195.

[0224] Inview of the display quality, it is preferred that the
inclination angle of the first region 19a of the interlayer
insulating film 19 (the inclination angle with respect to the
surface of the substrate 11) is small. Since the vertical align-
ment film formed in the first region 19ahas an orientation-
regulating force for orienting the liquid crystal molecules 30a
vertical to the surface thereof, the liquid crystal molecules
30a in the first region 19a are oriented in an inclined direction
with respect to the surface of the substrate 11. The degree of
inclination of the liquid crystal molecules 30a is larger as the
inclination angle of the first region 19« is larger. Since the
orientation-regulating force from the vertical alignment film
exists irrespective of the presence/absence of a voltage appli-
cation, light leakage occurs in a black display due to the
inclined liquid crystal molecules 30a in the first region 19a.
Therefore, if the inclination angle of the first region 19a of the
interlayer insulating film 19 is excessively large, the contrast
ratio decreases. Thus, the inclination angle of the first region
19q of the interlayer insulating film 19 is preferably small,
and the interlayer insulating film 19 preferably has a gentle
slope. Specifically, the inclination angle of the first region 194
of the interlayer insulating film 19 with respect to the surface
of the substrate 11 is preferably 30° or less, and more prefer-
ably 20° or less.

[0225] Note that if the height of the surface of the sub-
electrode 14¢ changes continuously across the entire sub-
electrode 14q, the retardation of the liquid crystal layer 30 is
no longer constant across the sub-electrode 14a, whereby the
display quality may deteriorate. In such a case, it is difficult to
suitably compensate for the phase difference by using a phase
difference compensator. If the interlayer insulating film 19
includes the second region 195 where the height of the surface
on the side closer to the liquid crystal layer 30 is substantially
constant, as in the present embodiment, such problems can be
suppressed.
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[0226] The interlayer insulating film 19 having a gentle
slope as described above can be formed by, for example,
exposing and developing a photosensitive resin film using a
photomask and then thermally deforming the film in a heat
treatment. Specifically, the interlayer insulating film 19 hav-
ing a gentle slope as illustrated in FIG. 36 can be obtained by
first forming a photosensitive resin film on the surface of the
transparent substrate 11, exposing the film using a photomask
so that a portion corresponding to the reflection region R is
unexposed while a portion corresponding to the transmission
region T is exposed to a predetermined amount of light,
developing the film, and then subjecting the film to a heat
treatment at a predetermined temperature. Note that the expo-
sure process is performed with such an exposure value that a
portion of the photosensitive resin film corresponding to the
transmission region T will not be completely removed but
will partly remain after the development process. Such an
exposure process is sometimes called a “half exposure pro-
cess”.

[0227] Note that with an arrangement where the cell gap is
locally reduced at the edge portion of the sub-electrode 14a,
as in the present embodiment, it is preferred to employ a
display mode using circularly-polarized light, i.e., a display
mode in which light to be incident upon the liquid crystal
layer 30 is circularly-polarized light and the circularly-polar-
ized light is modulated through the liquid crystal layer 30 to
display an image. The reason for this will now be described
with reference to FIG. 37. FIG. 37 is an enlarged cross-
sectional view illustrating an edge portion of the sub-elec-
trode 14a in the presence of an applied voltage.

[0228] As illustrated in FIG. 37, if the edge portion of the
sub-electrode 14a is formed on an inclined surface, the degree
of continuity may be poor between the orientation of the
liquid crystal molecules 30a above the edge portion of the
sub-electrode 14a and that above the electrodeless region 15
in the presence of an applied voltage. Therefore, referring to
FIG. 37, the liquid crystal molecule 30a above the edge
portion once falls down due to the electric field effect, after
which it changes the azimuth angle of its orientation as indi-
cated by an arrow in the figure so as to maintain a degree of
orientation continuity with other adjacent liquid crystal mol-
ecules 30a. Thus, the liquid crystal molecules 30a near the
edge portion show a two-step response behavior in response
to a voltage application. The second step, in which the azi-
muth angle of orientation changes slowly, causes a change in
the transmittance (brightness) in a display mode using lin-
early-polarized light, whereby it may not be possible in such
a display mode to obtain a sufficient effect of improving the
response speed by locally decreasing the cell gap at the edge
portion of the sub-electrode 14a. In contrast, in a display
mode using circularly-polarized light, the change in the azi-
muth angle of the liquid crystal molecules 30a does not sub-
stantially influence the transmittance, whereby it is possible
to obtain a desirable effect of improving the response speed.
[0229] A display mode using circularly-polarized light can
be realized by, for example, providing a circular polarization
plate (e.g., a combination of a linear polarization plate and a
M4 plate) on both sides of the liquid crystal layer 30.
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[0230] The present invention provides a transmission-re-
flection liquid crystal display device having a wide viewing
angle characteristic, a high display quality, and a high aper-
ture ratio, and being capable of producing a bright display.
[0231] The liquid crystal display device of the present
invention can suitably be used as a display device in various
types of products such as personal computers, televisions and
PDAs.

[0232] While the present invention has been described in
preferred embodiments, it will be apparent to those skilled in
the art that the disclosed invention may be modified in numer-
ous ways and may assume many embodiments other than
those specifically set out and described above. Accordingly, it
is intended by the appended claims to cover all modifications
of the invention which fall within the true spirit and scope of
the invention.

[0233] This non-provisional application claims priority
under 35 USC § 119(a) on Patent Application No. 2003-
428427 filed in Japan on Dec. 24, 2003, the entire contents of
which are hereby incorporated by reference.

1-27. (canceled)

28. A liquid crystal display device, comprising;
a first substrate;

a second substrate; and

a liquid crystal layer provided between the first substrate
and the second substrate, wherein:

a plurality of picture element regions are defined in a
matrix pattern including a plurality of rows extending in
a first direction and a plurality of columns extending in
a second direction crossing the first direction;

each of the plurality of picture element regions includes a
first electrode provided on one side of the first substrate
that is closer to the liquid crystal layer, a second elec-
trode provided on one side of the second substrate that is
closer to the liquid crystal layer so as to oppose the first
electrode, and the liquid crystal layer provided between
the first electrode and the second electrode;

the first electrode includes, in each of the plurality of pic-
ture element regions, a plurality of sub-electrodes,
whereby the liquid crystal layer takes a vertical align-
ment in the absence of an applied voltage between the
first electrode and the second electrode, and forms a
plurality of liquid crystal domains above the plurality of
sub-electrodes of the first electrode by inclined electric
fields produced around the plurality of sub-electrodes in
response to a voltage applied between the first electrode
and the second electrode, each of the plurality of liquid
crystal domains taking a radially-inclined orientation;

each of the plurality of picture element regions includes a
transmission region where an image is display in a trans-
mission mode using light coming from the first substrate
side, and a reflection region where an image is displayed
in a reflection mode using light coming from the second
substrate side;

in each of the plurality of picture element regions, the
plurality of sub-electrodes of the first electrode are three
sub-electrodes, the three sub-electrodes are two trans-
parent electrodes and one reflection electrode; and

the two transparent electrodes are arranged so as to be
adjacent to each other.
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29. The liquid crystal display device according to claim 28, 31. The liquid crystal display device according to claim 28,
wherein each of the three sub-electrodes has a generally ~ wherein the second substrate includes, in a region opposing
square shape. the two transparent electrodes, a protrusion as an orientation-

30. The liquid crystal display device according to claim 28, regulating structure.
wherein an area ratio of the transmission region to the reflec-
tion region is about 2 to 1. BoOR Ok kK
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