US 20160154284A1

12) Patent Application Publication (o) Pub. No.: US 2016/0154284 A1l

a9y United States

Sano

(43) Pub, Date: Jun, 2, 2016

(54) REFLECTIVE TYPE LIQUID CRYSTAL

DISPLAY DEVICE

(52) US.CL
CPC ... GO2F 1/134363 (2013.01); GO2F 1/133553

(2013.01); GO2F 1/133514 (2013.01)

(71) Applicant: Japan Display Inc., Minato-ku (JP)
(72) Inventor: Takumi Sano, Minato-ku (JP) (57) ABSTRACT
(73) Assignee: Japan Display Inc., Minato-ku (IP)
) According to one embodiment, a reflective type liquid crystal
(21)  Appl. No.: 14/941,893 display device 11 that can be manufactured at low cost and
(22) Filed: Nov. 16. 2015 that can improve a response speed and an aperture ratio is
) R provided. A liquid crystal layeris a positive type liquid crystal
(30) Foreign Application Priority Data layer including vertically-aligned liquid crystal molecules
between an array substrate and a counter substrate. The array
Nov. 28,2014  (IP) 2014-241680 substrate includes a plurality of pixel electrodes, a plurality of
Jul. 16,2015 (IP) 2015-141950 common electrodes, a color filter, and a reflection layer. The
color filter is disposed in a lower layer of the pixel electrodes
Publication Classification and the common electrodes. The reflection layer is electri-
cally connected to either the common electrodes or the pixel
51) Int.CL electrodes, and disposed at least in a lower layer of the color
P Y
GO2F 1/1343 (2006.01) filter so as to reflect light having passed through the color
GO2F 1/1335 (2006.01) filter.
11
A A A /A
. A Al A N A hld A N 1 4
V4
43
15~ == = = 0 — = =
0 = 0 = — 0 = J= Qb0 <:,Q>0 =
15a D oD D e oD oy S =S
28 77NN 72 NNN77 NN\ 777 NN\ 77 NN\ 77NN\ N\ |
27
28 R B
{ I / 33
DA R 77 o T e A A o
S S SE SIS IS SRR SRS 25
Yy A | LA 4 7
N 8 N [ 29
T LAF/’ ,LFD‘\ 31
23 26 26r 23 26g 23 26b 23 26r 13



Patent Application Publication Jun. 2,2016 Sheet 1 of 4 US 2016/0154284 A1

1
A /A
A ~ 14

. -
w 41
: 43

15—
15a4§/{)0000000000000000000000000000000
0,0 00 00 00 00 | 0

>
r >

29\
28
27
28
/ )33
W14 274 11117} LT CAIIIIL S
AN AN N N \L N \’1/32
| a4 A /f | | A P A
NN N ~N [ [ 22
‘H 44/ %‘J\J\m
23 26 26r 23 26g 23 26b 23 26r 13
FIG. 1A
11
A A A /A )
— s ‘/
w 41
43
15a _—D = cQo% — = N\ =_- o D
p e sles) ==l _qles) 2 12 ) o)
28 77 DN 72 NN 777 AN 77 SN 777 NN 77 SN 777 N 7|

2
28

:
§

VYT V77 1T, g e
IR SRERVARNNY IS S < -
V774 7 4 7 4 %
S AN L N SN N —22
\H 14%/ ,Lﬁ\:u
23 26 26r 23 26g 23 26b 23 26r 13



Patent Application Publication Jun. 2,2016 Sheet 2 of 4 US 2016/0154284 A1

11
/ 45 41 43
— L .
d N
t = < 00\6 /15
nuoo.uooonn.o o °u°D n non “0 />< 19
¢ 0 p 0 —
b0 g0 ] oo
Do“ﬂo"nu“ao"oo" l“lubﬂloln‘nlr|0§/26
L
oL D »% M}é@k7 35

1 i

l \ [ L1 1)
26 24 24 29 24 27 28 2427 28 21 13

FIG. 2



Patent Application Publication Jun. 2,2016 Sheet 3 of 4 US 2016/0154284 A1

11

A A A A
- ~ - N y n - A ‘/14
SRS
|43
15
5 OO\VIOOOONONMOO 0 0000()&0 0 4
48300000000000000
20— L0 00 0 070 p 070 g 070 ¢ O
N N NN 77 \NNN7 NN 77 NN 777NN 77 NN 77NN\ 77 NN 7|
27
- R W
Wi \I / / / 33
P I 7 4 T T T AT T a
S ANCA SN N N N ~] N 3
|| i 1 | 7 92
hN RN AN [ L y—22
\ﬂ-\@_ﬁﬁm
23 26 26r 23 2%6g 23 2%6b 23 2%r 13
FIG. 3A
11
A A A /oA
i\ - ~ A v A \/14
w 4
43
15 — - = = = =
) = o SRR SR,
123 o\\ﬂ = Om\ = o\\ﬂo\ O\\ﬂc
= = 0“0 el ol f & (27 =)

N7\ %\WZI\\WZ\ N7 NN\

NN

ST A 4 g g4 . 2
NS NN N )N N N N 32
| %4 4 A | | A A 4
AN N8 N [ S —22
Z’_',_z_r H 14/// VL\J\M
23 26 26r 23 26g 23 26b 23 26r 13

FIG. 3B



—
-
-
L
o
=T
=
E <
o
S 0
> <
N <
- o
N
O O e o) 5

. feo S oeo o o |
M ux%//?ém .
R e

\

S ,
(=]

S

= —_

s Q<
=

[~

[=]

(=]

g

[

&

2

=

<

~—

=

(=P}

~—




US 2016/0154284 Al

REFLECTIVE TYPE LIQUID CRYSTAL
DISPLAY DEVICE

INCORPORATOQIN BY REFERENCE

[0001] The present invention claims priority under 35 U.S.
C. §119 to Japanese Patent Application Nos. 2014-241680
and 2015-141950 filed on Nov. 28, 2014 and Jul. 16, 2015,
respectively. The contents of these applications are incorpo-
rated herein by reference in their entirety.

FIELD

[0002] Theembodiments ofthis invention relate to a reflec-
tive type liquid crystal display device which has a liquid
crystal layer including vertically-aligned liquid crystal mol-
ecules between a first substrate and a second substrate.

BACKGROUND

[0003] Conventionally, a TN type (twisted nematic type)
reflective type liquid crystal display device, for example, is
used as a reflective type liquid crystal display device. In
recent years, liquid crystal display devices are achieving
higher definition. However, a TN type liquid crystal display
device has some problems regarding, for example, slowness
in response speed, lower display quality due to electrostatic
destruction of a thin film transistor or the like caused by a
rubbing treatment process to an alignment film, or the occur-
rence of so-called edge reverse (disclination) in which liquid
crystal molecules existing between pixel electrodes having
different polarities are reversed in the case of using a driving
method such as a column inversion driving method or the like.
[0004] To solve sucha problem, with a configuration apply-
ing a liquid crystal layer including liquid crystal molecules
vertically aligned by use of an alignment film, the liquid
crystal molecules are made to fall down in a transverse elec-
tric field mode, for example, IPS mode or the like. This is
considered to improve response speed and display quality
because rubbing treatment to the alignment film is omitted
and thus the occurrence of electrostatic destruction is pre-
vented. Further, a configuration of a liquid crystal display
device that can provide a higher aperture ratio is desired.

BRIEF DESCRIPTION OF DRAWINGS

[0005] [FIG. 1A]

[0006] FIG. 1A is a sectional view schematically illustrat-
ing a part of an off-state of a switching element of a reflective
type liquid crystal display device of a first embodiment in an
enlarged manner.

[0007] [FIG. 1B]

[0008] FIG. 1B is a sectional view schematically illustrat-
ing a part of an on-state of a switching element of the same
reflective type liquid crystal display device in an enlarged
manner.

[0009] [FIG. 2]

[0010] FIG. 2 is a sectional view illustrating the same
reflective type liquid crystal display device.

[0011] [FIG. 3A]

[0012] FIG. 3A is a sectional view schematically illustrat-
ing a part of an off-state of a switching element of a reflective
type liquid crystal display device of a second embodiment in
an enlarged manner.
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[0013] [FIG. 3B]

[0014] FIG. 3B is a sectional view schematically illustrat-
ing a part of an on-state of a switching element of the reflec-
tive type liquid crystal display device of the second embodi-
ment.

[0015] [FIG. 4]

[0016] FIG. 4is aplan view schematically illustrating a part
of the reflective type liquid crystal display device of the
second embodiment.

[0017] [FIG. 5]

[0018] FIG. 5isaplan view schematically illustrating a part
of a reflective type liquid crystal display device of a third
embodiment.

DETAILED DESCRIPTION

[0019] A reflective type liquid crystal display device of
each of the embodiments includes a first substrate, a second
substrate, and a liquid crystal layer. The second substrate is
disposed so as to face the first substrate. The liquid crystal
layer is a positive type liquid crystal layer including verti-
cally-aligned liquid crystal molecules between the first sub-
strate and the second substrate. The first substrate includes a
plurality of pixel electrodes, a plurality of common elec-
trodes, a color filter, and a reflection layer. Each of the com-
mon electrodes forms a transverse electric field which makes
liquid crystal molecules align between the common elec-
trodes and each of the pixel electrodes. The color filter is
disposed in a lower layer of the pixel electrodes and the
common electrodes. The reflection layer is electrically con-
nected to either the common electrodes or the pixel electrodes
and is disposed in a lower layer of the color filter to reflect the
light passing through the color filter.

[0020] The configuration of the first embodiment will be
described with reference to FIG. 1A, FIG. 1B and FIG. 2.

[0021] InFIG. 1A, FIG. 1B and FIG. 2, reference numeral
11 indicates an active matrix typereflective typeliquid crystal
display device as a reflective type display device. As an out-
line, the reflective type liquid crystal display device 11
includes an array substrate 13 corresponding to a first sub-
strate as a non-display side substrate, a counter substrate 14
corresponding to a second substrate as a display side sub-
strate, and a liquid crystal layer 15 corresponding to an light
modulating layer interposed between the substrates 13 and
14. In the reflective type liquid crystal display device 11, a gap
holding member (spacer) not shown in the drawings for hold-
ing a gap is interposed between the substrate 13 and the
substrate 14. Further, a sealing member 17 made of an ultra-
violet-curable resin or a thermosetting resin or the like, for
example, 1s provided around the liquid crystal layer 15 to seal
the liquid crystal layer 15. In the description below, the reflec-
tive type liquid crystal display device 11 may be simply
abbreviated to display device 11. Further, the aspect ratio in
each of FIG. 1A, FIG. 1B and FIG. 2 is changed in order to
provide clearer description schematically.

[0022] The array substrate 13 includes a glass substrate 21
corresponding to a non-display side substrate body (first sub-
strate body) having light transmitting properties and insulat-
ing properties, and further includes on the glass substrate 21,
a plurality of scanning lines (gate lines) 22, a plurality of
signal lines (source lines) 23, a plurality of thin film transis-
tors 24 corresponding to switching elements, a reflection
layer 25, a color filter (CF) 26, a plurality of pixel electrodes
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27, a plurality of common electrodes 28, and an (first) align-
ment film 29. That is, the display 11 has a COA (Color filter
On Array) structure.

[0023] More specifically, for example, an undercoat layer
for flattening not shown in the drawings is provided on the
array substrate 13, a semiconductor layer not shown in the
drawings such as for the thin film transistors 24 is provided on
the undercoat layer, an insulation layer 31 covering the semi-
conductor layer is provided, and the scanning lines 22 (gate
electrodes of the thin film transistors 24) are provided on the
insulation layer 31. A gate insulation film 32 is provided on
the scanning lines 22, the reflection layer 25 (having the same
potential as that of the common electrodes 28) electrically
connected to the common electrodes 28 is provided on the
gate insulation film 32, an interlayer insulation film 33 is
provided on the reflection layer 25, and the signal lines 23
(source electrodes and drain electrodes of the thin film tran-
sistors 24) are provided on the interlayer insulation film 33.
Further, the color filter 26 is provided on the interlayer insu-
lation film 33 having the signal lines 23, the pixel electrodes
27 and the common electrodes 28 are provided on the color
filter 26, and the alignment film 29 is provided on the color
filter 26 having the pixel electrodes 27 and the common
electrodes 28. The array substrate 13 may be any substrate
having light transmitting properties and insulating properties,
such as a synthetic-resin substrate or the like, instead of the
glass substrate 21.

[0024] Each of the scanning lines 22 is disposed along a
horizontal (H) direction and is electrically connected to a
driver, not shown in the drawings, provided on the glass
substrate 21 or the like, for example.

[0025] Each of the signal lines 23, in a state of being insu-
lated from the scanning lines 22, is disposed along a vertical
(V) direction crossing (orthogonal to) the scanning lines 22
and is electrically connected to a driver, not shown in the
drawings, provided on the glass substrate 21 or the like, for
example. Each of the signal lines 23 is electrically connected
to an external circuit not shown in the drawings. In this
embodiment, each of the signal lines 23 is, for example, set to
approx. 0.35 pm thick.

[0026] The thin film transistors 24 are each disposed at
locations where the scanning lines 22 cross the signal lines
23. Therefore, the thin film transistors 24 are disposed in a
matrix. The thin film transistors 24 are disposed so that the
gate electrodes face a channel region of the semiconductor
layer via the gate insulation film 32, and the source electrodes
and the drain electrodes are electrically connected to a source
region and a drain region of the semiconductor layer, respec-
tively. Further, the gate electrodes of the thin film transistors
24 are electrically connected to the scanning lines 22, the
source electrodes thereof are electrically connected to the
signal lines 23, and the drain electrodes thereof are electri-
cally connected to the pixel electrodes 27.

[0027] The reflection layer 25 is a reflection pixel that
reflects extraneous light and is made of, for example, alumi-
num, silver, or a compound or alloy or the like containing
aluminum or silver as one component, and is set to a pre-
scribed thickness. The reflection layer 25 is disposed in a
layer located above the scanning lines 22 (gate electrodes)
and a layer under the color filter 26 so as to face the scanning
lines 22 and the entire surface of the color filter 26, and is
electrically connected to the pixel electrodes 27 or the com-
mon electrodes 28, thereby shielding an unwanted leakage
electric field that is directed from the scanning lines 22 to the
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liquid crystal layer 15. In this embodiment, the reflection
layer 25 is, for example, set to approx. 0.13 pum thick.
[0028] The color filter 26 is disposed in a lower layer of the
pixel electrodes 27 and the common electrodes 28 and has, for
example, filter parts 26r, 26g and 264 respectively corre-
sponding to red (R), green (G) and blue (B), and a light
shielding part (black matrix) not shown in the drawings,
which partitions the filter parts 267, 26g and 265 into blocks
to shield unwanted light. Each of the filter parts 26, 26g and
265 is provided to correspond to each of the pixel electrodes
27. In this embodiment, each of the filter parts 26r, 26g and
265 1s disposed in pixel regions A that are each disposed in a
matrix and surrounded by the scanning lines 22 and the signal
lines 23. Moreover, the color filter 26 is surrounded by ablack
light shielding part 35. In this embodiment, the color filter 26
(filter parts 267, 26g and 26b) is, for example, set to approx.
2.0 pm thick.

[0029] Each of the pixel electrodes 27 is made of a trans-
parent conductive member, for example ITO or 1ZO or the
like, and is formed into an elongated shape along the direction
ofthe signal lines 23, and disposed at each of the pixel regions
A.

[0030] Each of the common electrodes 28 is made of a
transparent conductive member, for example ITO or IZ0 or
the like, and formed into an elongated shape in the direction
ofthe signal lines 23 along aboundary between adjacent pixel
regions A, A. Further, the common electrodes 28 are each
disposed at a position directly above the signal lines 23. That
is, the common electrodes 28 are disposed separated from the
pixel electrodes 27, while respectively corresponding to each
of the pixel electrodes 27, wherein the pixel electrodes 27 and
the common electrodes 28 are alternately disposed along the
direction of the scanning lines 22. Further, the common elec-
trodes 28 are formed to have substantially the same width as
the pixel electrodes 27, and a space between the pixel elec-
trodes 27 and the common electrodes 28 is set two times
wider or more than the width of the pixel electrodes 27 and the
common electrodes 28. In this embodiment, for example, the
pixel electrodes 27 and the common electrodes 28 are set to
approx. 2.5 um wide and approx. 0.07 um thick, respectively,
and are disposed separated from one another with a 15.0 pm
or more space therebetween.

[0031] The transverse electric field formed between two
common electrodes 28, 28 having a pixel region A sand-
wiched therebetween and one pixel electrode 27 located
between the two common electrodes 28, 28 in the pixel region
A provides switching (FIG. 1A and FIG. 1B) of the liquid
crystal molecules (director) 15a in the liquid crystal layer 15.
[0032] Thealignment film 29 is made of synthetic resin, for
example, polyimide or the like. In this embodiment, the align-
ment film 29 is, for example, set to approx. 0.07 pm thick.
[0033] The insulation layer 31 is, for example, a silicon
oxide film or a silicon nitride film or the like.

[0034] The gate insulation film 32 is, for example, a silicon
nitride film or the like.

[0035] The interlayer insulation film 33 is, for example, a
silicon oxide film or the like. In this embodiment, the inter-
layer insulation film 33 is, for example, set to approx. 0.18 um
thick.

[0036] Further, the counter substrate 14 includes a glass
substrate 41 corresponding to a display side substrate body
(second substrate body) having light transmitting properties
and insulating properties, and further includes on the glass
substrate 41 a rib-like structure not shown in the drawings,
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and an (second) alignment film 43 contacting the liquid crys-
tal layer 15 while covering the structure. The rib-like structure
controls as a control unit the falling direction of the liquid
crystal molecules 154 when a voltage is applied. That is, the
counter substrate 14 has no electrode formed thereon, and the
liquid crystal layer 15 is divided by the structure into a plu-
rality of domains at portions respectively corresponding to
the pixel regions A. Further, a polarizing plate 45 is mounted
on the opposite side of the liquid crystal layer 15 of the glass
substrate 41, that is, on the display side. The counter substrate
14 may be any substrate as long as it has light transmitting
properties and insulating properties, such as a synthetic-resin
substrate, for example, instead of the glass substrate.

[0037] Thealignment film 43 is made of synthetic resin, for
example, polyimide or the like, and the rib-like structure
forms the liquid crystal molecules 15a in the liquid crystal
layer 15 into a substantially vertical line between the align-
ment film 43 and the alignment film 29 on the side of the array
substrate 13. In this embodiment, the alignment film 43 is, for
example, approx. set to 0.07 um thick, substantially the same
as the alignment film 29.

[0038] Intheliquid crystal layer 15, the liquid crystal mol-
ecules 154 are vertically aligned between the alignment films
29 and 43. Thus, a positive type liquid crystal layer having a
positive dielectric anisotropy is applied in order to make the
liquid crystal molecules 154 fall in the transverse electric field
between the pixel electrodes 27 and the common electrodes
28. In this embodiment, the liquid crystal layer 15 is, for
example, set to approx. 2.8 um thick.

[0039] In the above-described display device 11, each of
the thin film transistors 24 individually drives each of the
pixel electrodes 27 in accordance with a signal from each of
the scanning lines 22, and the transverse electric field set
between the above pixel electrode 27 and the two common
electrodes 28, 28 having the above pixel electrode 27 sand-
wiched therebetween makes the liquid crystal molecules 15a
in the liquid crystal layer 15 fall down in accordance with a
signal from each of the signal lines 23. The polarity of the
above pixel electrode 27 can be selected with the signal lines
23 located in a lower layer of the two common electrodes 28,
28, and an appropriate driving method can be used, for
example, column inversion driving in which the polarity is
inverted every predetermined number of signal lines 23 for
each of the scanning lines 22. In this state, extraneous light
made incident from the side of the counter substrate 14 passes
through the filter parts 267, 26g and 265 of the color filter 26
via the liquid crystal layer 15, and then is reflected by the
reflection layer 25 located in a lower layer of the color filter
26. This sets the transmittance of the reflected light at each of
the pixel electrodes 27 in accordance with the angles of the
liquid crystal molecules 15a in the liquid crystal layer 15, and
the reflected light having passed through the color filter 26
again and having been emitted to the side of the counter
substrate 14 is displayed as an image.

[0040] According to the first embodiment described above,
the use of the positive type liquid crystal layer 15 including
vertically-aligned liquid crystal molecules 15a enables cheap
manufacturing, can improve edge reverse likely to occur
between pixel electrodes having different polarities in the
case of implementing column inversion driving or the like
using, for example, a TN type liquid crystal layer, and allows
the use of a circular polarizing plate as the polarizing plate 45,
thus realizing the reflective type liquid crystal display device
11 having a high transmittance in normally black displaying.
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Further, as a normal liquid crystal layer used in a vertical
alignment (VA) mode, a negative-type liquid crystal layer is
used so as to make liquid crystal molecules fall in a vertical
electric field. In this embodiment, however, the plurality of
pixel electrodes 27 and the common electrodes 28 corre-
sponding to the plurality of pixel electrodes 27 are formed on
the array substrate 13, and the transverse electric field is
formed by a transverse electric field method to make the
liquid crystal molecules 15q aligned between the pixel elec-
trodes 27 and the common electrodes 28. The use of the
positive type liquid crystal layer 15 having a higher response
speed than that of the negative-type liquid crystal layer can
improve the response speed thereof. Further, the provision of
the color filter 26 on the array substrate 13 makes it easier to
adjust positioning of the array substrate 13 and the counter
substrate 14 compared to an example case where the color
filter is provided on the counter substrate side. This can sup-
press reduction of an aperture ratio caused by displacement or
the like between the array substrate 13 and the counter sub-
strate 14, thus realizing a high aperture ratio. In addition, the
disposement of the reflection layer 25 in a layer lower of the
entire color filter 26 and upper layer of the scanning lines 22,
that is, between the color filter 26 (liquid crystal layer 15) and
the scanning lines 22 allows the reflection layer 25 to shield
the unwanted leakage electric field directed from the scan-
ning lines 22 to the liquid crystal layer 15, thus enabling the
suppression of a reduction of display quality caused by the
leakage electric field.

[0041] Further, the counter substrate 14 does not require
any counter electrodes, thus making it easier to adjust posi-
tioning of the array substrate 13 and the counter substrate 14.
[0042] Moreover, the vertically-aligned liquid crystal mol-
ecules 15a do not require rubbing alignment treatment to the
alignment films 29 and 43. This can prevent electrostatic
destruction from occurring due to rubbing and improve yield,
thus further reducing cost when manufacturing the display
device 11.

[0043] The widths of the pixel electrodes 27 and the com-
mon electrodes 28 are substantially the same as each other,
and the space between the pixel electrodes 27 and the com-
mon electrodes 28 is set two times wider or more than the
width of the pixel electrodes 27 or the common electrodes 28.
This suppresses obstruction of light (incident light and reflec-
tion light) by the pixel electrodes 27 and the common elec-
trodes 28, and also reduces the number of not-falling liquid
crystal molecules 154 located directly above the pixel elec-
trodes 27 and the common electrodes 28 by the transverse
electric field, thus achieving low driving voltage, for example,
less than 5V, while providing high transmittance.

[0044] Next, a second embodiment will be described with
reference to FIG. 3A, F1G. 3B and FIG. 4. Configurations and
effects of the second embodiment that are the same as those of
the first embodiment are identified by the same signs and the
description thereof will be omitted.

[0045] In the second embodiment, ribs 48 are respectively
disposed at positions facing each of the pixel electrodes 27 on
the counter substrate 14 of the aforementioned first embodi-
ment.

[0046] Each of the ribs 48 is formed of a member having a
high transmittance and a low dielectric constant. That is, each
of the ribs 48 has light transmitting properties. Each of the
ribs 48 is formed along the center position of each of the pixel
regions A and along each of the pixel electrodes 27. There-
fore, in this embodiment, each of the ribs 48 is formed in a
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linear shape. Each of the ribs 48 has a lower dielectric con-
stant than the liquid crystal layer 15; for example, a dielectric
constant set to approx. one seventh, preferably 0.1 to 0.2
times the dielectric constant of the liquid crystal layer 15.
Each of the ribs 48 has a square shape in cross section, and is
set thicker (in height) and wider than each of the pixel elec-
trodes 27. Each of the ribs 48 is, for example, set to 0.7+0.1
um thick and, for example, 6.0£0.25 pm wide. Preferably,
each oftheribs 48 is 0.3 to 0.4 times wider than the color filter
26, and is 0.3 to 0.4 times thicker (in height) than the liquid
crystal layer 15.

[0047] As described above, each of the ribs 48 having a
high transmittance and a low dielectric constant is provided at
aposition facing each of the pixel electrodes 27 on the counter
substrate 14. Thus, when a voltage is applied to the pixel
electrodes 27, the ribs 48 disturb electric field vectors
between the pixel electrodes 27 and the common electrodes
28, thereby being able to make the liquid crystal molecules
15a located above (directly above) the pixel electrodes 27
fall. Therefore, reflectance can be improved.

[0048] The ribs 48 that are set thicker and wider than the
pixel electrodes 27 allow the liquid crystal molecules 15a to
be made to fall down more certainly when a voltage is applied
to the pixel electrodes 27.

[0049] In the second embodiment described above, in the
case of using multi-domain pixel regions A for improving a
viewing angle or other purposes, each of the pixel regions A
may have a bent shape, not necessarily having a rectangle
shape. In this case, as shown in the third embodiment of FIG.
5 for example, each of the ribs 48 is formed in a bent shape
along the center position of each of the pixel regions A,
thereby providing the same effect as the aforementioned sec-
ond embodiment.

[0050] Ineachof the embodiments above, any arrangement
and colors ofthe filter parts 267, 26g and 265 of the color filter
26 can be set as long as they realize color displaying on the
display device 11.

[0051] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions
. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions, and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What is claimed is:
1. A reflective type liquid crystal display device compris-
ing:

a first substrate;

a second substrate that is disposed at a position facing the
first substrate; and

a positive type liquid crystal layer that includes vertically-
aligned liquid crystal molecules between the first sub-
strate and the second substrate, wherein

the first substrate includes

a plurality of pixel electrodes,

a plurality of common electrodes each of which forms a
transverse electric field to align the liquid crystal mol-
ecules between each of the plurality of pixel elec-
trodes and each of the plurality of common electrodes,

a color filter that is disposed in a lower layer of the pixel
electrodes and the common electrodes, and

a reflection layer that is electrically connected to either
the common electrodes or the pixel electrodes, and
that is disposed in a lower layer of the color filter so as
to reflect light having passed through the color filter.

2. The reflective type liquid crystal display device accord-
ing to claim 1, wherein
each of the pixel electrodes and the common electrodes
respectively has a prescribed width, and a space between
each of the pixel electrodes and each of the common
electrodes is set to two times wider or more than the
width.
3. The reflective type liquid crystal display device accord-
ing to claim 1, wherein
the second substrate includes, at positions facing the pixel
electrodes, ribs having light transmitting properties and
having a lower dielectric constant than a dielectric con-
stant of the liquid crystal layer.
4. The reflective type liquid crystal display device accord-
ing to claim 3, wherein
each of the ribs is set wider and thicker than each of the
pixel electrodes.
5. The reflective type liquid crystal display device accord-
ing to claim 4, wherein
each ofthe ribs is 0.3 to 0.4 times wider than the color filter,
and 0.3 to 0.4 times thicker than the liquid crystal layer.
6. The reflective type liquid crystal display device accord-
ing to claim 4, wherein
the dielectric constant of the ribs is 0.1 to 0.2 times of the
dielectric constant of the liquid crystal layer.
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