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Description

[0001] The present invention relates to a liquid crystal
display device and an electronic apparatus.

[0002] A mode (hereinafter, referred to as a "trans-
verse electric field mode") of controlling alignment of lig-
uid crystal molecules by applying a substrate-in-plane
electric field to a liquid crystal layer has been known as
a mode of a liquid crystal display device. There have
been also known an in-plane switching (IPS) mode and
a fringe-field switching (FFS) mode depending upon the
shapes of the electrodes for applying an electric field to
the liquid crystal layer. Transflective liquid crystal display
devices employing the transverse electric field mode
have been studied.

[0003] The followings are examples of such liquid crys-
tal display devices: JP-A-2003-344837; "A Single Gap
Transflective Display using a Fringe-Field Driven Homo-
geneously Aligned Nematic Liquid Crystal Display," M.O.
Choi et al., SID05 DIGEST, P. 719-721 (2005); "Voltage
and Rubbing Angle Dependent Behavior of the Single
Cell Gap Transflective Fringe Field Switching (FFS)
Mode," Y.H. Jeongetal., SID0O5 DIGEST, P723-725; and
"Optimization of Electrode Structure for Single Gamma
in a Transflective IPS LCD", Gak Seok Lee et al., SID05
DIGEST, P738-741.

[0004] In the transverse-electric-field mode transflec-
tive liquid crystal display devices described in the above-
mentioned known documents, circular polarized light
necessary for reflective black display was obtained from
the liquid crystal layer in JP-A-2003-344837 and from an
inner retardation layer on the lower substrate side in the
reference documents of M.O. Choi et al., Y.H. Jeong et
al., and Gak Seok Lee et al. However, in the methods
described in the above-mentioned known documents,
since the reflective black display is colored due to a wave-
length dispersion characteristic of a liquid crystal material
and a material of the inner retardation layer, it is difficult
to obtain high contrast.

[0005] In the reference documents of M.O. Choi et al.,
Y.H. Jeong et al., and Gak Seok Lee et al., since the
inner retardation layer is also formed in the transmissive
display area, a retardation film is required for the outer
surface of the substrate in optical design, thereby causing
a problem that a viewing angle at the time of transmissive
display is narrowed.

[0006] Jung T B et al: "A novel transreflective display
associated with fringe-field switching", 2003 SID INTER-
NATIONAL SYMPOSIUM DIGEST OF TECHNICAL PA-
PERS, BALTIMORE, MD, MAY 20-22, 2003 SID INTER-
NATIONAL SYMPOSIUM DIGEST OF TECHNICAL PA-
PERS, SAN JOSE, CA: SID, US, vol. 34/1, 20 May 2003,
pages 592-595, discloses a transreflective nematic liquid
crystal cell driven by a fringe-field. A homogeneously
aligned LC director rotates almost in plane by applying
voltage and thus the LC cell becomes a dynamic phase
retarder.

[0007] An object of the present invention is to provide
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atransverse-.electric-field mode liquid crystal display de-
vice which can provide high-contrast display without be-
ing colored at the time of reflective display and can also
provide high-contrast display and display with a wide
viewing angle at the time of transmissive display.
[0008] According to an aspect of the invention, there
is provided a liquid crystal display device comprising a
first substrate and a second substrate opposed to each
other with a liquid crystal layer therebetween, in which a
first electrode and a second electrode are provided on a
side of the first substrate opposed to the liquid crystal
layer, the liquid crystal layer is driven by means of an
electric field generated between the first electrode and
the second electrode, and a reflective display area for
reflective display and a transmissive display area for
transmissive display are formed in a sub pixel area,

wherein the thickness of the liquid crystal layer in the
transmissive display area is greater than the thick-
ness of the liquid crystal layer in the reflective display
area,

a retardation layer is formed in an area correspond-
ing to the reflective display area,

said retardation layer gives a phase difference of
about A/2 to incident light of wavelength A,

in the absence of an electric field the liquid crystal
layer in the reflective display area gives a phase dif-
ference of about A/4 to the incident light, and char-
acterized in that

the retardation layer is selectively formed only in the
area corresponding to the reflective display area.

[0009] According to this configuration, incident light
from the second substrate can be converted into wide-
band circular polarized light by the use of the liquid crystal
layer and the retardation layer formed on the side of the
second substrate opposed to the liquid crystal layer. Ac-
cordingly, it is possible to provide reflective black display
with small color, thereby embodying reflective display
with high contrast.

[0010] Since the retardation layer is selectively formed
only in the area corresponding to the reflective display
area, the same optical design as the transmissive mode
is possible in the transmissive display, and it is possible
to embody transmissive display with high contrast and a
wide viewing angle.

[0011] The area of the second substrate opposed to
the liquid crystal layer and corresponding to the reflective
display area indicates an area of the second substrate
opposed to the liquid crystal layer, where the area two-
dimensionally overlaps with the reflective display area
as seen two-dimensionally.

[0012] Since the thickness of the liquid crystal layer in
the reflective display area is smaller than the thickness
of the liquid crystal layer in the transmissive display area,
it is possible to make electro-optical characteristics con-
stant in the transmissive display and the reflective dis-

play.
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[0013] Asaresult,itis possible to provide a liquid crys-
tal display device with excellent display quality in which
the transmissive display and the reflective display are
consistent with each other.

[0014] Since the incident light from the second sub-
strate can be converted into wider-band circular polarized
light, it is possible to embody higher contrast at the time
of the reflective display.

[0015] In the liquid crystal display device according to
an aspect of the invention, the thickness of the liquid crys-
tallayer may be adjusted by stacking the retardation layer
and a resin layer. According to this configuration, it is
possible to obtain an accurate thickness of the liquid crys-
tal layer by means of the thickness of the resin layer re-
gardless of the thickness of the retardation layer of which
the phase difference should be priorly adjusted by means
of its thickness, thereby providing a liquid crystal display
device with high contrast.

[0016] In the liquid crystal display device according to
an aspect of the invention, the first electrode and the
second electrode may have a plurality of band-shaped
electrodes. That is, an electric field (transverse electric
field) generating configuration that the first electrode and
the second electrode are two-dimensionally adjacentand
opposed to each other in the same plane can be em-
ployed. For example, an electrode structure that the first
electrode and the second electrode are both formed in a
pectinated shape as seen two dimensionally and the
band-shaped electrodes constituting the pectinated por-
tions thereof are alternately arranged can be employed.
[0017] In the liquid crystal display device according to
an aspect of the invention, the first electrode may be a
two-dimensional solid electrode and the second elec-
trode may have a plurality of band-shaped electrodes.
That is, a configuration that the first electrode is formed
in a two-dimensional solid shape, a dielectric layer is
formed on the solid electrode, and the second electrode
having a two-dimensional pectinated shape is formed on
the dielectric layer can be employed.

[0018] In the transflective liquid crystal display device
having the above-mentioned configuration, a reflective
layer for carrying out the reflective display is partially
formed in the sub pixel area, but the reflective layer is
generally made of a metal film. Accordingly, when the
first electrode, the second electrode, and the reflective
layer are formed on the same substrate, the electric field
generated between the first electrode and the second
electrode may be deformed. On the contrary, when the
first electrode is formed in a solid shape and the reflective
layer is disposed in the vicinity of the solid electrode, the
electric field is not affected. Accordingly, by employing
the above-mentioned electrode shape, it is possible to
simplify the structure of the liquid crystal display device,
thereby easily manufacturing the liquid crystal display
device.

[0019] In the liquid crystal display device according to
an aspect of the invention, a color material layer having
a plane area corresponding to the sub pixel area may be
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formed on the side of the second substrate opposed to
the liquid crystal layer, the color material layer may have
a first color material area corresponding to the transmis-
sive display area and a second color material area cor-
responding to the reflective display area, and a recessed
portion may be formed in the second color material area
by removing a part of the color material layer. Here, a
planarization layer for making at least the recessed por-
tion of the color material layer flat may be formed on the
color material layer and the retardation layer may be
formed on the planarization layer.

[0020] According to this configuration, since the color
material layer of which the chromaticity is adjusted for
the transmissive display area and the reflective display
area is provided, it is possible to make visual quality of
the transmissive display and the reflective display con-
stant. In addition, since the unevenness on the color ma-
terial layer resulting from the adjustment of chromaticity
is made flat by the planarization layer and then the retar-
dation layer is formed thereon, it is difficult to cause de-
viation in thickness of the retardation or disturbance in
alignment of the liquid-crystal polymers constituting the
retardation layer. Accordingly, it is possible to provide a
liquid crystal display device which can exhibit higher con-
trast.

[0021] According to another aspect of the invention,
there is provided an electronic apparatus comprising the
aforementioned liquid crystal display device. According
to this configuration, it is possible to provide an electronic
apparatus having a display unit with high contrast and
wide viewing angle.

[0022] The invention will be described by way of ex-
ample only with reference to the accompanying draw-
ings, wherein like numbers reference like elements.
[0023] Fig. 1 is a circuit diagram illustrating a liquid
crystal display device according to a first embodiment of
the invention.

[0024] Fig. 2A is a plan view illustrating a sub pixel
area in a liquid crystal display device according to the
first embodiment and Fig. 2B is a diagram illustrating ar-
rangement of optical axes in Fig. 2A.

[0025] Fig. 3 is a partially sectional view taken along
Line 1I-11I of Fig. 2A.

[0026] Fig.4Aisanexplanatory diagram schematically
illustrating a sectional structure (section taken along Li-
nelV-1V) of a TFT array substrate according to the first
embodiment and Fig. 4B is a graph illustrating a meas-
urement result of an electro-optical characteristic of the
liquid crystal display device according to the first embod-
iment.

[0027] Fig. 5A is a plan view illustrating a sub pixel
area in a liquid crystal display device according to a sec-
ond embodiment and Fig. 5B is a diagram illustrating
arrangement of optical axes in Fig. 5A.

[0028] Fig. 6 is a partially sectional view taken along
Line VI-VI of Fig. 5A.

[0029] Fig.7Aisanexplanatory diagram schematically
illustrating a sectional structure (section taken along
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LineVII-VIl) of a TFT array substrate according to the
second embodiment and Fig. 7B is a graph illustrating a
measurement result of an electro-optical characteristic
of the liquid crystal display device according to the sec-
ond embodiment.

[0030] Fig. 8 is a partially sectional view illustrating a
liquid crystal display device according to a third embod-
iment.

[0031] Fig. 9 is a perspective view illustrating an ex-
ample of an electronic apparatus.

[0032] Fig. 10is a plan view illustrating a liquid crystal
display device according to a fourth embodiment.
[0033] Fig. 11 is a partially sectional view taken along
Line XI-XI of Fig. 10.

[0034] Fig. 12is a plan view illustrating a liquid crystal
display device according to a fifth embodiment.

[0035] Fig. 13 is a partially sectional view taken along
Line XHI-XIII of Fig. 12.

First Embodiment

[0036] Hereinafter, a liquid crystal display device ac-
cording to a first embodiment of the present invention will
be described with reference to the drawings. The liquid
crystal display device according to the first embodiment
employs a fringe field switching (FFS) mode among
transverse electric field modes which display an image
by applying an electric field (transverse electric field) to
liquid crystal molecules in a in-plane direction of a sub-
strate to control alignment of the liquid crystal molecules.
[0037] The liquid crystal display device according to
the firstembodimentis a color liquid crystal display device
having a color filter on the substrate, in which three sub
pixels emitting colored light components of red (R), green
(G), and blue (B) form a pixel. Accordingly, a display area
serving as a unit constituting display is referred to as a
"sub pixel area" and a display area including a set of sub
pixels (R, G, and B) is referred to as a "pixel area."

[0038] Fig. 1 is a circuit diagram illustrating a plurality
of sub pixel areas arranged in a matrix shape in the liquid
crystal display device according to the first embodiment.
Fig. 2A is a plan view illustrating a sub pixel area in the
liquid crystal display device 100 and Fig. 2B is a diagram
illustrating arrangement of optical axes in Fig. 2A. Fig. 3

is a partially sectional view taken along Line llI-11l of Fig.
2A.
[0039] Incidentally, layers or members are shown in

different scales in the drawings so as to make it possible
to recognize the layers or members from the drawings.
[0040] As shown in Fig. 3, the liquid crystal display
device 100 according to the first embodiment is a trans-
flective liquid crystal display device whichincludesa TFT
array substrate (first substrate) 10 and a counter sub-
strate (second substrate) 20 opposed to each other with
a liquid crystal layer 50 therebetween and a backlight
(lighting device) 90 disposed outside the TFT array sub-
strate 10 (the opposite side of the liquid crystal layer 50)
and in which a transmissive display area T and a reflec-
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tive display area R (corresponding to the formation area
of areflective layer 29) are partitioned in a sub pixel area
as shown in Figs. 2 and 3.

[0041] As shownin Fig. 1, in each of a plurality of sub
pixel areas formed in a matrix shape to constitute an im-
age display area of the liquid crystal display device 100,
a pixel electrode 9 and a TFT 30 for switching the pixel
electrode 9 are formed, and a data line 6a extending from
a data-line driving circuit 101 is electrically connected to
the source of the TFT 30. The data-line driving circuit 101
supplies image signals S1, S2, ..., and Sn to the pixels
through the data lines 6a. The image signals S1, S2, ...,
and Sn may be line-sequentially supplied in that order,
or may be supplied to the data lines 6a adjacent to each
other in a unit of group.

[0042] The gate of the TFT 30 is electrically connected
to a scanning line 3a extending from a scanning-line driv-
ing circuit 102. Scanning signals G1, G2, ..., and Gm
pulse-like supplied to the scanning lines 3a from the scan-
ning-line driving circuit 102 at a predetermined time are
line-sequentially applied to the gates of the TFTs 30 in
that order. The pixel electrode 9 is electrically connected
to the drain of the TFT 30. By turning on the TFT 30 as
a switching element in response to input of the scanning
signals G1, G2, ...,and Gmonly for a predetermined time,
the image signals S1, S2, ..., and Sn supplied from the
data lines 6a are written to the pixel electrodes 9 at pre-
determined times.

[0043] The image signals S1, S2, ..., and Sn with a
predetermined level written to the liquid crystal through
the pixel electrodes 9 are retained between the pixel elec-
trodes 9 and a common electrode opposed to the pixel
electrodes with the liquid crystal therebetween for a pre-
determined time. Here, in order to prevent the retained
image signals from leaking, a storage capacitor 70 is con-
nected in parallel to a liquid crystal capacitor formed be-
tween the pixel electrode 9 and the common electrode.
The storage capacitor 70 is formed between the drain of
the TFT 30 and a capacitor line 3b.

[0044] As shown in Fig. 2A, the pixel electrode (first
electrode) 9 which forms substantially a pectinated shape
as seen two-dimensionally and is longitudinal in the Y
axis direction (in the extension direction of the data lines,
that is, the lines for supplying signals) and the common
electrode (second electrode) 19 which is disposed to two-
dimensionally overlap with the pixel electrode and has a
substantially two-dimensional solid shape are formed in
each sub pixel area of the liquid crystal display device
100. In the left-upper corner of the sub pixel area (or in
the boundary with an adjacent sub pixel area) shown in
the figure, a pillar-shaped spacer 40 for keeping the TFT
array substrate 10 and the counter substrate 20 spaced
with a predetermined gap is vertically provided.

[0045] The pixel electrode 9 has a plurality of (five in
the figure) band-shaped electrodes (branched elec-
trodes) 9c extending inthe Y axis direction, a stem portion
9a which electrically connects (short-circuits) the band-
shaped electrodes 9c to each other at the upper ends
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(+Y side) thereof in the figure and extends in the X axis
direction (in the extension direction of the scanning lines
3a, thatis, in the direction perpendicular to the lines), and
a contact portion 9b extending in the +Y axis direction
from the center in the X axis direction of the stem portion
9a.

[0046] The common electrode 19 is formed to cover
the reflective layer 29 partially formed in the sub pixel
area shown in Fig. 2A. In the first embodiment, the com-
mon electrode 19 is a conductive film made of a trans-
parent conductive material such as ITO (Indium Tin Ox-
ide), and the reflective layer 29 is formed out of areflective
metal film such as aluminum or silver, or a dielectric lam-
inated film (dielectric mirror) formed by stacking dielectric
films (SiO, and TiO,) having different refractive indexes.
[0047] In addition, the common electrode 19 may em-
ploy not only a structure that it is formed to cover the
reflective layer 29 as in the first embodiment, but also a
structure that a transparent electrode made of a trans-
parent conductive material and a reflective electrode
made of a reflective metal material are two-dimensionally
partitioned, that is, a structure that a transparent elec-
trode disposed to correspond to the transmissive display
area and a reflective electrode disposed to correspond
to the reflective display area are partitioned which are
electrically connected to each other (in the boundary)
between the reflective display area and the transmissive
display area. In this case, the transparent electrode and
the reflective electrode form a common electrode for gen-
erating an electric field along with the pixel electrode 9,
and the reflective electrode also serves as the reflective
layer of the sub pixel area.

[0048] In each sub pixel area, the data line 6a extend-
ing in the Y axis direction, the scanning line 3a extending
in the X axis direction, and the capacitor line 3b being
adjacent to the scanning line 3a and extending parallel
to the scanning line 3a are formed. The TFT 30 is formed
in the vicinity of an intersection between the data line 6a
and the scanning line 3a. The TFT 30 includes a semi-
conductor layer 35 which is partially formed in a plane
area of the scanning line 3a and is made of amorphous
silicon, and a source electrode 6b and a drain electrode
132 of which parts are formed to two-dimensionally over-
lap with the semiconductor layer 35. The scanning line
3a serves as a gate electrode of the TFT 30 at a position
which two-dimensionally overlaps with the semiconduc-
tor layer 35.

[0049] The source electrode 6b of the TFT 30 has a
two-dimensional L shape which is branched from the data
line 6a and extends to the semiconductor layer 35, and
the drain electrode 132 extends in the -Y direction and
is electrically connected to the capacitor electrode 131
has a substantially rectangular shape as seen two-di-
mensionally. On the capacitor electrode 131, the contact
portion 9b of the pixel electrode 9 is formed to extend
from the -Y side, and the capacitor electrode 131 and the
pixel electrode 9 are electrically connected to each other
through a pixel contact hole 45 formed at a position where
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both two-dimensionally overlap with each other. The ca-
pacitor electrode 131 is disposed in the plane area of the
capacitor line 3b, thereby forming a storage capacitor 70
using the capacitor electrode 131 and the capacitor line
3b opposed to each other in the thickness direction at
that position as electrodes thereof.

[0050] As seen from the sectional structure (sectional
structure taken along Line IlI-1ll) of Fig. 2A shown in Fig.
3, the liquid crystal display device 100 has a structure
that the liquid crystal layer 50 is interposed between the
TFT array substrate (first substrate) 10 and the counter
substrate (second substrate) 20 opposed to each other.
The liquid crystal layer 50 is sealed between both sub-
strates 10 and 20 by the use of a seal member (not
shown) formed along the edges of the area in which the
TFT array substrate 10 and the counter substrate 20 are
opposed to each other. A backlight (lighting device) 90
having a light waveguide 91 and a reflective plate 92 is
provided on the rear surface side (lower side in the figure)
of the TFT array substrate 10.

[0051] The TFT array substrate 10 has a substrate
body 10A made of glass, quartz, or plastic as a base
body. The scanning line 3a and the capacitor line 3b are
formed on the inner surface (the side opposed to the
liquid crystal layer 50) of the substrate body 10A and a
gate insulating layer 11 is formed to cover the scanning
line 3a and the capacitor line 3b.

[0052] The semiconductor layer 35 made of amor-
phous silicon is formed on the gate insulating layer 11
and the source electrode 6b and the drain electrode 132
are formed, a part of which is placed on the semiconduc-
tor layer 35. The capacitor electrode 131 is formed inte-
grally with the drain electrode 132 in the right side of the
TFT 30 in the figure. The semiconductor layer 35 is op-
posed to the scanning line 3a with the gate insulating
layer 11 therebetween and the scanning line 3a forms
the gate electrode of the TFT 30 at the opposed area.
The capacitor electrode 131 is opposed to the capacitor
line 3b with the gate insulating layer 11 therebetween
and the storage capacitor 70 using the gate insulating
layer 11 as a dielectric layer is formed at the area where
the capacitor electrode 131 and the capacitor line 3b are
opposed to each other.

[0053] Afirstinterlayer insulating layer 12 is formed to
cover the semiconductor layer 35, the source electrode
6b, the drain electrode 132, and the capacitor electrode
131, and the reflective layer 29 is formed on a part of the
firstinterlayer insulating layer 12. The common electrode
19 made of a transparent material such as ITO is formed
to cover the reflective layer 29 and the first interlayer
insulating layer 12.

[0054] Accordingly, in the liquid crystal display device
100 according to the first embodiment, among the sub
pixel area shown in Fig. 2, an area other than the forma-
tion area of the reflective layer 29 in the plane area where
the plane area including the pixel electrode 9 and the
plane area including the common electrode 19 overlap
with each other serves as the transmissive display area
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T which displays an image by modulating light irradiated
from the backlight 90 and passing through the liquid crys-
tal layer 50. An area where the plane area including the
pixel electrode 9 and the plane area including the reflec-
tive layer 29 two-dimensionally overlap with each other
serves as the reflective display area R which displays an
image by reflecting and modulating light irradiated from
the outside of the counter substrate 20 and passing
through the liquid crystal layer 50.

[0055] A second interlayer insulating layer 13 made of
silicon oxide or the like is formed to cover the common
electrode 19 and the pixel electrode 9 made of a trans-
parent conductive material such as ITO is formed on the
second interlayer insulating layer 13.

[0056] Alignment layers 18 made of polyimide or sili-
con oxide are formed to cover the pixel electrode 9 and
the second interlayer insulating layer 13.

[0057] A pixel contact hole 45 passing through the first
interlayer insulating layer 12 and the second interlayer
insulating layer 13 and reaching the capacitor electrode
131 is formed, and the pixel electrode 9 and the capacitor
electrode 131 are electrically connected to each other by
burying a part of the contact portion 9b of the pixel elec-
trode 9 in the pixel contact hole 45. An opening is formed
in the common electrode 19 to correspond to the forma-
tion area of the pixel contact hole 45, the pixel electrode
9 and the capacitor electrode 131 are electrically con-
nected to each other in the opening, and the common
electrode 19 and the pixel electrode 9 are not electrically
connected to each other.

[0058] Onthe other hand, the counter substrate 20 has
a substrate body 20A made of glass, quartz, or plastic
as a base body and a color filter 22 is provided on the
inner surface side (on the side opposed to the liquid crys-
tallayer 50) of the substrate body 20A. A retardation layer
21 is selectively formed in the area on the color filter 22
corresponding to the reflective display area R, and an
alignment layer 28 made of polyimide or silicon oxide is
formed to cover the retardation layer 21 and the color
filter 22.

[0059] Inthe first embodiment, the retardation layer 21
serves to give a phase difference of about 1/2 wavelength
(A/2) to the transmitted light and is a so-called inner re-
tardation layer formed on the inner surface side of the
substrate body 20A. The retardation layer 21 can be
formed by the use of a method of coating the alignment
layer with a solution of high-molecular liquid crystal or a
solution of liquid-crystal monomer and aligning the liquid
crystal molecules at the time of drying and solidifying the
solution. The phase difference which the retardation layer
21 gives to the transmitted light can be controlled by the
use of the kinds of the liquid-crystal polymer as the con-
stituent materials or the thickness of the retardation layer
21.

[0060] The color filter 22 is formed out of a color ma-
terial layer corresponding to a display color of each sub
pixel, but the sub pixel area may be partitioned into two
or more areas having different chromaticity. For example,
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a structure that a first color material area formed to cor-
respond to the plane area of the transmissive display
area T and a second color material area formed to cor-
respond to the plane area of the reflective display area
R are individually provided may be employed. In this
case, by setting the chromaticity of the first color material
area to be greater than the chromaticity of the second
color material area, it is possible to prevent the chroma-
ticity of display light from varying in the transmissive dis-
play area T where the display light passes through the
colorfilter 22 only one time and the reflective display area
R where the display light passes through the color filter
22 two times, thereby making visual quality constant in
the transmissive display and the reflective display.
[0061] Polarizing plates 14 and 24 are disposed on the
outer surfaces of the substrate bodies 10A and 20A. One
or a plurality of retardation plates (optical compensation
plates) can be provided between the polarizing plate 14
and the substrate body 10A and between the polarizing
plate 24 and the substrate body 20A.

[0062] Arrangement of optical axes in the liquid crystal
display device according to the firstembodiment is shown
in Fig. 2B. A transmission axis 153 of the polarizing plate
14 on the side of the TFT array substrate 10 and a trans-
mission axis 155 of the polarizing plate 24 on the side of
the counter substrate 20 are perpendicular to each other,
and the transmission axis 153 forms about 15° in the
clockwise direction with respect to the Y axis. The align-
ment layers 18 and 28 are rubbed in the same direction
as seen two-dimensionally, and the direction thereof is
the rubbing direction 151 shown in Fig. 2B, which is par-
allel to the transmission axis 153 of the polarizing plate
14 forming about 15° in the clockwise direction with re-
spect to the Y axis direction. The rubbing direction 151
is not limited to the direction shown in Fig. 2B, but is
preferably a direction intersecting (a direction not parallel
to) the main direction 157 of an electric field generated
between the pixel electrode 9 and the common electrode
19. In the first embodiment, the direction of the electric
field 157 is parallel to the X axis direction. A phase-lag
axis 158 of the retardation layer 21 forms 68° in the coun-
terclockwise direction with respect to the transmission
axis of the polarizing plate 14. In addition, although the
initial alignment direction of the liquid crystal molecules
in the liquid crystal layer 50 in the vicinity of the alignment
layers 18 and 28 has been conveniently set as the rub-
bing direction, the alignment layers 18 and 28 are not
limited to initially defining the alignment directions of the
liquid crystal molecules by the use of a rubbing process,
but may be an alignment layer which defines the initial
alignment direction of the liquid crystal molecules, for ex-
ample, by the use of an optical alignment method or an
oblique evaporation method.

[0063] In the liquid crystal display device 100 having
the above-mentioned structure, since the retardation lay-
er 21 is selectively formed in the area on the color filter
22 corresponding to the reflective display area R, the
thickness of the liquid crystal layer 50 is smaller by the
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thickness of the retardation layer 21 in the reflective dis-
play area R. That is, the retardation layer 21 serves as
aliquid-crystal-layer-thickness adjusting layer for making
the thickness of the liquid crystal layer in the reflective
display area R different from the thickness of the liquid
crystallayerin the transmissive display area T, in addition
to the inner retardation layer.

[0064] Here, Fig. 4A is an explanatory diagram illus-
trating a schematic sectional structure (sectional struc-
ture taken along LinelV-1V) of the TFT array substrate
10, and Fig. 4B is a graph illustrating a measurement
result of an electro-optical characteristic of the liquid crys-
tal display device 100. Fig. 4B shows transmittance and
reflectance in which the maximum transmittance and the
maximum reflectance are normalized into 1. The meas-
urement result shown in Fig. 4B is obtained by assuming
that in the structure of the TFT array substrate 10 shown
in Fig. 4A, the width w1 of the band-shaped electrodes
(branched electrodes) 9c extending in a branch shape
parallel to each other from the stem portion 9a is 3 um,
the gap w2 between the band-shaped electrodes 9¢ and
9c adjacent to each other is 5 pm, the thickness d1 of
the second interlayer insulating layer 13 is 0.5 pm, and
the relative dielectric constant e is 7.

[0065] The thickness of the liquid crystal layer (cell
gap) in the transmissive display area T is 3.5 um and the
thickness of the liquid crystal layer in the reflective display
area Ris 1.4 um (that is, the thickness of the retardation
layer21is 2.1 pm). In addition, the relative dielectric con-
stants of the liquid crystal are ¢,=10 and ¢, =4, and An is
0.1.

[0066] Asshownin Fig. 4B, in the liquid crystal display
device according to the first embodiment, the tendency
that the transmittance and the reflectance are enhanced
almost similarly in both of the transmissive display and
the reflective display with increase in applied voltage is
obtained in the range of voltage (0 V to 5 V) generally
used for driving liquid crystal, and the variation in trans-
mittance and the variation in reflectance with variation in
voltage are almost equal to each other. Accordingly, by
using the liquid crystal display device according to the
first embodiment, it is possible to embody a display de-
vice in which reflective display quality and transmissive
display quality are consistent with each other in any of
white display, black display, and intermediate gray-scale
display.

[0067] In the liquid crystal display device carrying out
reflective display, when the reflective black display is car-
ried out in optical design, external light reaching the re-
flective layer 29 is necessarily circular polarized light at
allthe visible wavelengths. At this time, when the external
light reaching the reflective layer 29 is elliptical polarized
light, the black display is colored, thereby making it diffi-
cult to obtain high-contrast reflective display.

[0068] Therefore, in the liquid crystal display device
according to the first embodiment, the retardation layer
21 is formed in only the area on the color filter 22 corre-
sponding to the reflective display area R and the thick-
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ness of the liquid crystal layer in the reflective display
area Ris set to 1.4 um (An-d=140 nm). Accordingly, it is
possible to generate wide-band circular polarized light
by the use of the polarization plate 24, the retardation
layer 21, and the liquid crystal layer 50 in the reflective
display area R and thus to make the external light reach-
ing the reflective layer 29 substantially circular polarized
light atall the visible wavelengths, thereby obtaining high-
contrast reflective display.

[0069] In the liquid crystal display device according to
the first embodiment, since the retardation layer 21 is
formed in only the area on the color filter 22 correspond-
ing to the reflective display area R, the same optical de-
sign as a transmissive liquid crystal display device em-
ploying a conventional transverse electric field mode can
be possible inthe transmissive display area T. As aresult,
itis possible to embody transmissive display with a wide
viewing angle.

[0070] In the liquid crystal display device according to
the first embodiment described above, the retardation
layer 21 is selectively formed in only the area on the color
filter 22 corresponding to the reflective display area R.
Accordingly, even when an area ratio between the trans-
missive display area T and the reflective display area R
varies, it is possible to easily cope with the variation in
area ratio only by changing the formation area of the re-
flective layer 29 and the formation area of the retardation
layer 21, without changing the structure of the electrodes.
[0071] Although the reflective layer 29 has been dis-
posed on the side of the TFT array substrate 10 in the
firstembodiment, the reflective layer 29 may be disposed
onthe side of the counter substrate 20 and the retardation
layer 21 may be disposed on the side of the TFT array
substrate. In this case, the same characteristic can be
obtained.

Second Embodiment

[0072] Next, asecond embodiment of the invention will
be described with reference to the drawings. Fig. 5A is
a plan view illustrating a sub pixel area of a liquid crystal
display device 200 and Fig. 5B is a diagram illustrating
arrangement of optical axes in Fig. 5A. Fig. 6 is a partially
sectional view taken along Line VI-VI of Fig. 5A.

[0073] The liquid crystal display device 200 according
to the second embodiment has a basic structure sub-
stantially similar to that of the liquid crystal display device
100 according to the first embodiment, but is different
from the liquid crystal display device 100 in that the pixel
electrode 9 and the common electrode 19 are both
formed in a pectinated shape as seen two-dimensionally,
and band-shaped electrodes (branched electrodes) con-
stituting the pectinated portions and extending in a rod
shape are formed in the same layer. In addition, in Figs.
5, 6, and 7, the same reference numerals denote the
same elements as the liquid crystal display device 100
shown in Figs. 1 to 4.

[0074] AsshowninFig.5A, apixel electrode (first elec-
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trode) 9 which forms a pectinated shape as seen two-
dimensionally and which is longitudinal in the Y axis di-
rection and a common electrode (second electrode) 19
which forms a pectinated shape as seen two-dimension-
ally and which is longitudinal in the Y axis direction are
formed in a sub pixel area of the liquid crystal display
device 200. In the left-upper corner of the sub pixel area,
a pillar-shaped spacer 40 for keeping the TFT array sub-
strate 10 and the counter substrate 20 spaced with a
predetermined gap is provided.

[0075] The pixel electrode 9 has a plurality of (three in
the figure) band-shaped electrodes (branched elec-
trodes) 9c extendingin the Y axis direction, a stem portion
9a which electrically connects (short-circuits) the band-
shaped electrodes 9c to each other at the lower ends (-
Y side) thereof in the figure and extends in the X axis
direction, and a contact portion 9b extending in the -Y
axis direction from the center in the X axis direction of
the stem portion 9a.

[0076] The common electrode 19 has a plurality of (two
in the figure) band-shaped electrodes 19c which are ar-
ranged to alternate with the band-shaped electrodes 9c
of the pixel electrode 9 and extend parallel to the band-
shaped electrodes 9c (in the Y axis direction) and a main
line portion 19a which electrically connects the band-
shaped electrodes 19c¢ to each other at an end in the +Y
direction (an end opposed to the end of the band-shaped
electrodes) thereof and extends in the X axis direction.
The common electrode 19 is an electrode member hav-
ing a pectinated shape as seen two-dimensionally and
extending over a plurality of sub pixel areas arranged in
the X axis direction.

[0077] In the sub pixel area shown in Fig. 5A, by ap-
plying a voltage between three band-shaped electrodes
9cof the pixel electrode 9 extending in the Y axis direction
and two band-shaped electrodes 19c of the common
electrode 19 disposed between the band-shaped elec-
trodes 9c, an electric field (transverse electric field) in the
XY-plane direction (substrate plane direction) is applied
to the liquid crystal molecules in the sub pixel area, there-
by driving the liquid crystal molecules.

[0078] In the sub pixel area shown in Fig. 5A, the data
line 6a extending in the Y axis direction, the scanning
line 3a extending in the X axis direction, and the capacitor
line 3b extending parallel to the scanning line 3a along
the side edge of the sub pixel area opposite to the scan-
ning line 3a are formed. The TFT 30 is formed in the
vicinity of an intersection between the data line 6a and
the scanning line 3a. The TFT 30 includes a semicon-
ductor layer 35 which is partially formed in a plane area
of the scanning line 3a and is made of amorphous silicon,
and a source electrode 6b and a drain electrode 132 of
which parts are formed to two-dimensionally overlap with
the semiconductor layer 35. The scanning line 3a serves
as a gate electrode of the TFT 30 at a position which two-
dimensionally overlaps with the semiconductor layer 35.
[0079] The source electrode 6b of the TFT 30 has a
two-dimensional L shape whichis branched from the data
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line 6a and extends to the semiconductor layer 35, and
the drain electrode 132 is electrically connected to a con-
nection line 131a at the -Y end thereof. The connection
line 131a extends to a side edge in the -X direction of the
sub pixel area and extends again in the Y axis direction
along the side edge, and an end thereof is electrically
connected to the capacitor electrode 131 formed on the
side edge of the sub pixel area opposed to the scanning
line 3a. The capacitor electrode 131 is a conductive mem-
ber having a rectangular shape as seen two-dimension-
ally and two-dimensionally overlapping with the capacitor
line 3b, the contact portion 9b of the pixel electrode 9 is
formed on the capacitor electrode 131 to two-dimension-
ally overlap with each other, and a pixel contact hole 45
for electrically connecting the capacitor electrode 131
and the pixel electrode 9 to each other is formed at a
position where both two-dimensionally overlap with each
other. A storage capacitor 70 using the capacitor elec-
trode 131 and the capacitor line 3b opposed to each other
in the thickness direction as electrodes thereof is formed
at the area where the capacitor electrode 131 and the
capacitor line 3b two-dimensionally overlap with each
other.

[0080] In the sectional structure (sectional structure
taken along LineVI-VI) shown in Fig. 6, the liquid crystal
layer 50 is interposed between the TFT array substrate
10 and the counter substrate 20 opposed to each other.
The TFT array substrate 10 has a transparent substrate
body 10A made of glass, quartz, or plastic as a base
body. The scanning line 3a and the capacitor line 3b are
formed on the inner surface (the side opposed to the
liquid crystal layer 50) of the substrate body 10A and a
gate insulating layer 11 made of a transparent insulating
material such as silicon oxide is formed to cover the scan-
ning line 3a and the capacitor line 3b.

[0081] The semiconductor layer 35 made of amor-
phous silicon is formed on the gate insulating layer 11,
and the source electrode 6b and the drain electrode 132
are formed, a part of which is placed on the semiconduc-
tor layer 35. The drain electrode 132 is formed integrally
with the connection line 131a and the capacitor electrode
131. The semiconductor layer 35 is opposed to the scan-
ning line 3a through the gate insulating layer 11 and the
scanning line 3a forms the gate electrode of the TFT 30
at the opposed area. The capacitor electrode 131 is op-
posed to the capacitor line 3b through the gate insulating
layer 11, thereby forming the storage capacitor 70 using
the capacitor electrode 131 and the capacitor line 3b as
electrodes and using the gate insulating layer 11 as a
dielectric layer interposed therebetween.

[0082] A firstinterlayer insulating layer 12 made of sil-
icon oxide is formed to cover the semiconductor layer
35, the source electrode 6b, the drain electrode 132, and
the capacitor electrode 131, and the reflective layer 29
is formed on a part of the first interlayer insulating layer
12.

[0083] Accordingly, in the liquid crystal display device
200 according to the second embodiment, among the
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sub pixel area shown in Fig. 5, an area where the plane
areaincluding the pixel electrode 9 and the common elec-
trode 19 and the formation area of the reflective layer 29
overlap with each other serves as the reflective display
area R which displays an image by reflecting and mod-
ulating light irradiated from the outside of the counter
substrate 20 and passing through the liquid crystal layer
50. An area where the reflective layer 29 is not formed
in the plane area including the pixel electrode 9 and in-
cluding the common electrode 19 serves as the trans-
missive display area T.

[0084] A second interlayer insulating layer 13 made of
silicon oxide is formed to cover the first interlayer insu-
lating layer 12 and the reflective layer 29, and the pixel
electrode 9 and the common electrode 19 made of a
transparent conductive material such as ITO are formed
on the second interlayer insulating layer 13.

[0085] An alignment layer 18 made of polyimide or sil-
icon oxide is formed to cover the pixel electrode 9, the
common electrode, and the second interlayer insulating
layer 13.

[0086] A pixel contact hole 45 passing through the first
interlayer insulating layer 12 and the second interlayer
insulating layer 13 and reaching the capacitor electrode
131 is formed, and the pixel electrode 9 and the capacitor
electrode 131 are electrically connected to each other by
burying a part of the contact portion 9b of the pixel elec-
trode 9 in the pixel contact hole 45.

[0087] Onthe other hand, the counter substrate 20 has
a substrate body 20A made of glass, quartz, or plastic
as a base body, and a color filter 22 is provided on the
inner surface side (on the side opposed to the liquid crys-
tallayer 50) of the substrate body 20A. A retardation layer
21 is formed in the area on the color filter 22 correspond-
ing to the reflective display area R, and an alignment
layer 28 made of polyimide or silicon oxide is formed to
cover the retardation layer 21 and the color filter 22.
[0088] In the second embodiment, the retardation lay-
er 21 serves to give a phase difference of about 1/2 wave-
length (A/2) to the transmitted light and is a so-called
inner retardation layer. The retardation layer 21 can be
formed by the use of a method of coating the alignment
layer with a solution of high-molecular liquid crystal or a
solution of liquid-crystal monomer and aligning the liquid
crystal molecules at the time of drying and solidifying the
solution. The phase difference which the retardation layer
21 gives to the transmitted light can be controlled by the
use of the kinds of the liquid-crystal polymer as the con-
stituent materials or the thickness of the retardation layer
21.

[0089] The color filter 22 is formed out of a color ma-
terial layer corresponding to a display color of each sub
pixel, but the sub pixel area may be partitioned into two
or more areas having different chromaticity. For example,
a structure that a first color material area formed to cor-
respond to the plane area of the transmissive display
area T and a second color material area formed to cor-
respond to the plane area of the reflective display area
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R are individually provided may be employed. In this
case, by setting the chromaticity of the first color material
area to be greater than the chromaticity of the second
color material area, it is possible to prevent the chroma-
ticity of display light from varying in the transmissive dis-
play area T where the display light passes through the
colorfilter 22 only one time and the reflective display area
R where the display light passes through the color filter
22 two times, thereby making visual quality constant in
the transmissive display and the reflective display.
[0090] Polarizing plates 14 and 24 are disposed on the
outer surfaces of the substrate bodies 10A and 20A. One
or a plurality of retardation plates (optical compensation
plates) can be provided between the polarizing plate 14
and the substrate body 10A and between the polarizing
plate 24 and the substrate body 20A.

[0091] Arrangement of optical axes in the liquid crystal
display device according to the second embodiment is
shown in Fig. 5B. A transmission axis 153 of the polar-
izing plate 14 on the side of the TFT array substrate 10
and a transmission axis 155 of the polarizing plate 24 on
the side of the counter substrate 20 are perpendicular to
each other, and the transmission axis 153 forms about
15° in the clockwise direction with respect to the Y axis.
The alignment layers 18 and 28 are rubbed in the same
direction as seen two-dimensionally, and the direction
thereof is the rubbing direction 151 shown in Fig. 5B,
which is parallel to the transmission axis 153 of the po-
larizing plate 14 forming about 15° in the clockwise di-
rection with respect to the Y axis direction. The rubbing
direction 151 is not limited to the direction shown in Fig.
5b, but is preferably a direction intersecting (a direction
not parallel to) the main direction 157 of a transverse
electricfield generated between the pixel electrode 9 and
the common electrode 19. In the second embodiment,
the direction 157 of the transverse electric field is parallel
to the X axis direction. A phase-lag axis 158 of the retar-
dation layer 21 forms 68° in the counterclockwise direc-
tion with respect to the transmission axis of the polarizing
plate 14. In addition, although the rubbing direction has
been mentioned conveniently in the description, the rub-
bing direction indicates the initial alignment direction of
the liquid crystal molecules at the positions contacting
the alignment layers and is not limited to the initial align-
ment direction of the liquid crystal molecules defined by
a rubbing process, but may include an initial alignment
direction defined, for example, by the use of an optical
alignment method or an oblique evaporation method.
[0092] In the liquid crystal display device 200 having
the above-mentioned structure, since the retardation lay-
er 21 is selectively formed in the area on the color filter
22 corresponding to the reflective display area R, the
thickness of the liquid crystal layer 50 is smaller by the
thickness of the retardation layer 21 in the reflective dis-
play area R.

[0093] Here, Fig. 7A is an explanatory diagram illus-
trating a schematic sectional structure (sectional struc-
ture taken along LineVII-VIl) of the TFT array substrate
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10, and Fig. 7B is a graph illustrating a measurement
result of an electro-optical characteristic of the liquid crys-
tal display device 200. Fig. 7B shows transmittance and
reflectance in which the maximum transmittance and the
maximum reflectance are normalized into 1. The meas-
urement result shown in Fig. 7B is obtained by assuming
that in the structure of the TFT array substrate 10 shown
in Fig. 7A, the width w1 of the band-shaped electrodes
(branched electrodes) 9¢ and 19c is 3 um and the gap
w2 between the band-shaped electrodes 9¢ and 19c¢ ad-
jacent to each other is 5 pm.

[0094] Here, the thickness of the liquid crystal layer
(cell gap) in the transmissive display area T is 3.5 um
and the thickness of the liquid crystal layer in the reflective
display area R is 1.4 pm (that is, the thickness of the
retardation layer 21 is 2.1 pum). In addition, the relative
dielectric constants of the liquid crystal are £,=10 and
€,=4,and Anis 0.1.

[0095] AsshowninFig. 7B, in the liquid crystal display
device according to the second embodiment, the tenden-
cy that the transmittance and the reflectance are en-
hanced almost similarly in both of the transmissive dis-
play and the reflective display with increase in applied
voltage is obtained in the range of voltage (0 V to 5 V)
generally used for driving liquid crystal, and the variation
in transmittance and the variation in reflectance with var-
iation in voltage are almost equal to each other. Accord-
ingly, by using the liquid crystal display device according
to the second embodiment, it is possible to embody a
display device in which reflective display quality and
transmissive display quality are consistent with each oth-
er in any of white display, black display, and intermediate
gray-scale display.

[0096] In the liquid crystal display device carrying out
the reflective display, when the reflective black display
is carried out in optical design, external light reaching the
reflective layer 29 is necessarily circular polarized light
at all the visible wavelengths. At this time, when the ex-
ternal light reaching the reflective layer 29 is elliptical
polarized light, the black display is colored, thereby mak-
ing it difficult to obtain high-contrast reflective display.
[0097] Therefore, in the liquid crystal display device
according to the second embodiment, the retardation lay-
er 21 is formed in only the area on the color filter 22
corresponding to the reflective display area R and the
thickness of the liquid crystal layer in the reflective display
area R is setto 1.4 pm (An-d=140 nm). Accordingly, it is
possible to generate wide-band circular polarized light
by the use of the polarization plate 24, the retardation
layer 21, and the liquid crystal layer 50 in the reflective
display area R and thus to make the external light reach-
ing the reflective layer 29 substantially circular polarized
lightatall the visible wavelengths, thereby obtaining high-
contrast reflective display.

[0098] In the liquid crystal display device according to
the second embodiment, since the retardation layer 21
is selectively formed in the area on the color filter 22
corresponding to the reflective display area R, the same
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optical design as a transmissive liquid crystal display de-
vice employing a conventional transverse electric field
mode can be possible in the transmissive display area
T. As a result, it is possible to embody transmissive dis-
play with a wide viewing angle.

[0099] In the liquid crystal display device according to
the second embodiment described above, the retarda-
tion layer 21 is selectively formed in only the area on the
color filter 22 corresponding to the reflective display area
R. Accordingly, even when an area ratio between the
transmissive display area T and the reflective display ar-
ea R varies, itis possible to easily cope with the variation
in area ratio only by changing the formation area of the
reflective layer 29 and the formation area of the retarda-
tion layer 21, without changing the structure of the elec-
trodes.

[0100] Although the reflective layer 29 has been dis-
posed on the side of the TFT array substrate 10 in the
second embodiment, the reflective layer 29 may be dis-
posed on the side of the counter substrate 20 and the
retardation layer 21 may be disposed on the side of the
TFT array substrate. In this case, the same characteristic
can be obtained.

Third Embodiment

[0101] Next, a third embodiment of the invention will
be described with reference to Fig. 8. A liquid crystal dis-
play device 300 according to the third embodiment has
the same basic structure as the liquid crystal display de-
vice according to the first embodiment, but is different
from the liquid crystal display device according to the first
embodiment, in that a resin layer 23 and a retardation
layer 21 are stacked in an area on the color filter 22 cor-
responding to the reflective display area R. Accordingly,
the two-dimensional structure of a sub pixel area and the
arrangement of optical axes are completely equal to
those of the first embodiment and thus description thereof
is omitted. In Fig. 8, the same elements as the liquid
crystal display device 100 shown in Figs. 1 to 4 are de-
noted by the same reference numerals and detailed de-
scription thereof is omitted.

[0102] Fig. 8 is a partially sectional view illustrating the
liquid crystal display device according to the third em-
bodiment. The sectional structure shown in the figure cor-
responds to the sectional structure shown in Fig. 3 ac-
cording to the first embodiment, and also corresponds to
the sectional structure taken along Line IlI-Ill shown in
Fig. 2. In the third embodiment, the liquid crystal layer 50
includes liquid crystal molecules with €,=10, £,=4, and
An=0.1. Accordingly, in order to generate wide-band cir-
cular polarized light by the use of the polarizing plate 24,
the retardation layer 21, and the liquid crystal layer 50 in
the reflective display area R, it is necessary to set the
thickness of the liquid crystal layer in the reflective display
area R to 2.0 wm (An-d=140 nm). On the other hand, in
the transmissive display area T, it is necessary to set the
thickness of the liquid crystal layer in the transmissive
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display area T to 5 um so as to secure sufficient bright-
ness. Accordingly, the thickness of the liquid crystal layer
in the reflective display area R should be smaller by 3.0
pm than the thickness of the liquid crystal layer in the
transmissive display area T, but when the thickness of
the retardation layer 21 is 3.0 um, the phase difference
of the retardation layer 21 greatly departs from the wave-
length of A/2 of the transmitted light, thereby not gener-
ating the wide-band circular polarized light. As a result,
the reflective black display is colored, thereby lowering
the contrast.

[0103] Therefore, asinthe third embodiment, by stack-
ing the resin layer 23 and the retardation layer 21 in the
area on the color filter 22 corresponding to the reflective
display area R, the retardation layer 21 can give a phase
difference of about A/2 to the transmitted light and thus
the thickness of the liquid crystal layer in the reflective
display area R can be made to be smaller by 3.0 pm than
the thickness of the liquid crystal layer in the transmissive
display area T. As a result, the same characteristic as
the first embodiment and the second embodiment can
be obtained.

[0104] Accordingly, in the liquid crystal display device
300 according to the third embodiment, it is possible to
enhance the degree of freedom in design.

[0105] Although such a structure that the resin layer
23 and the retardation layer 21 formed selectively are
stacked in the area on the color filter 22 corresponding
to the reflective display area R has been used in the third
embodiment, the stack order may be changed so as to
stack the retardation layer 21 and the resin layer 23 in
the area on the color filter 22 corresponding to the reflec-
tive display area R in this order.

[0106] Although the reflective layer 29 has been dis-
posed on the side of the TFT array substrate 10 in the
third embodiment, the same characteristic can be ob-
tained even when the reflective layer 29 is disposed on
the side of the counter substrate 20 and the retardation
layer 21 is disposed on the side of the TFT array sub-
strate.

Fourth Embodiment

[0107] Next, a fourth embodiment of the invention will
be described with reference to Figs. 10 and 11.

[0108] A liquid crystal display device 400 according to
the fourth embodiment is a FFS mode liquid crystal dis-
play device having the same basic structure as the liquid
crystal display device according to the first embodiment,
but is different from the liquid crystal display device ac-
cording to the first embodiment, in that the structure of
the color filter 22 on the counter substrate 20 is different
and a planarization layer 25 is formed on the color filter
22. Accordingly, the arrangement of optical axes of the
liquid crystal display device is completely equal to that
of the first embodiment and thus description thereof is
omitted. In Figs. 10 and 11, the same elements as the
liquid crystal display device 100 shown in Figs. 1to 4 are
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denoted by the same reference numerals and detailed
description thereof is omitted.

[0109] As shown in Fig. 10, the color filters (color ma-
terial layer) 22 are formed to correspond to the sub pixel
areas of the liquid crystal display device 400, and a band-
shaped opening 22a crossing the corresponding sub pix-
el areain the X axis direction is formed in each color filter
22. The opening 22a is formed at the center in the Y axis
direction of the reflective display area R. The width in the
Y axis direction of the opening 22a is about 1/5 of the
width in the Y axis direction of the reflective display area
R. Accordingly, the color filter 22 according to the fourth
embodiment has a first color material area formed out of
a color material layer having no opening corresponding
to the transmissive display area T and a second color
material area formed out of a color material layer having
the opening corresponding to the reflective display area
R. The chromaticity of the whole second color material
area having the opening 22a is less than that of the first
color material area corresponding to the transmissive dis-
play area T. Accordingly, it is possible to allow the visual
quality of the reflective display using the light passing
through the color filter 22 two times for the display to be
equal to that of the transmissive display.

[0110] As can be seen from the sectional structure
shown in Fig. 11, the color filter 22 is formed on the inner
surface of the substrate body 20A as a base body of the
counter substrate (second substrate) 20 and the planari-
zation layer 25 is formed to cover the color filter 22. In
addition, the planarization layer 25 is filled in a recessed
portion on the substrate body 20A resulting from the
opening 22a of the color filter 22 to fill the recessed por-
tion. As a result, the surface of the planarization layer 25
opposed to the liquid crystal layer 50 forms a flat plane
and the retardation layer 21 is formed on the flat plane.
The planarization layer 25 can be made of, for example,
acryl or silicon oxide.

[0111] In the liquid crystal display device 400 accord-
ing to the fourth embodiment having the above-men-
tioned structure, in order to adjust the chromaticity of the
color filter 22 in the reflective display area R, the opening
22ais provided, the unevenness resulting from the open-
ing 22a is made flat by the planarization layer 25, and
then the retardation layer 21 is formed thereon. The
phase difference varies in accordance with the thickness
of the retardation layer 21. Accordingly, when the retar-
dation layer 21 is formed without forming the planariza-
tion layer 25, the thickness of the retardation layer 21 is
increased at the position corresponding to the opening
22a, the phase difference of the transmitted light is une-
ven, and the alignment of liquid-crystal polymers consti-
tuting the retardation layer 21 can be easily disturbed,
thereby causing decrease in contrast.

[0112] On the contrary, in the fourth embodiment,
since the unevenness resulting from the opening 22a is
made flat by the planarization layer 25 and then the re-
tardation layer 21 is formed, it is possible to easily form
the retardation layer 21 having a desired phase differ-



21 EP 1744 204 B1

ence, thereby obtaining high-contrast display.

[0113] Asthe colorfilter 22, different color material lay-
ers are formed in different sub pixel areas, and the thick-
nesses of the color material layers can be different from
each other. Accordingly, when the retardation layer 21
is formed directly on the color filter 22, the height of the
retardation layer 21 protruded into the liquid crystal layer
50 may be different between the sub pixels having dif-
ferent color filters 22. Therefore, by making the uneven-
ness on the surface of the color filter 22 in the sub pixel
areaflatby the use of the planarization layer 25 according
to the fourth embodiment and thus making the uneven-
ness between the sub pixels flat, it is possible to unify
the protruded height of the retardation layer 21 serving
as a liquid-crystal-layer-thickness adjusting layer, there-
by easily obtaining high-contrast display.

[0114] As a result of measuring the electro-optical
characteristic of the liquid crystal display device 400 ac-
cording to the fourth embodiment similarly to the liquid
crystal display device 100 according to the first embod-
iment, it is possible to obtain the same result as the liquid
crystal display device 100 shown in Fig. 4B and thus to
embody a display device in which reflective display qual-
ity and transmissive display quality are consistent with
each other in any of white display, black display, and
intermediate gray-scale display.

[0115] Althoughithas been described in the fourth em-
bodiment that a band-shaped opening crossing the sub
pixel area in the X axis direction is provided as the open-
ing 22a of the color filter 22, the two-dimensional shape
of the opening 22a is not limited to the band shape, but
may employ a variety of shapes. For example, an opening
having a rectangular shape, a polygonal shape, or a cir-
cular shape may be formed in the color material layer in
the reflective display area R.

[0116] Althoughithas been described inthe fourthem-
bodiment that the opening 22a is selectively formed to
adjust the chromaticity of the second color material area
corresponding to the reflective display area R, the follow-
ing structures may be used to adjust the chromaticity: a
structure that the thickness of the color material layer in
the second color material area is set smaller than the
thickness of the color material layer in the first color ma-
terial area; a structure that a color material layer having
chromaticity different from that of the first color material
area is formed in the second color material area; and a
structure that color material areas having three or more
colors are formed in the sub pixel area to obtain desired
chromaticity by a mixed color thereof. Even when any of
the structures described above is employed, unevenness
resulting from the difference in thickness of the color ma-
terial layers may be formed on the surface of the color
filter 22 and thus it may be difficult to obtain the desired
phase difference only by forming the retardation layer 21
directly on the color filter 22. Even when the surface of
the color filter 22 is made flat in the reflective display area
R, the height of the retardation layer 21 protruded into
the liquid crystal layer 50 may not be even between the

10

15

20

25

30

35

40

45

50

55

12

22

sub pixels having different color material layers formed
therein, because the retardation layer 21 according to
the invention also serves as a liquid-crystal-layer-thick-
ness adjusting layer for making the thickness of the liquid
crystal layer 50 different between the transmissive dis-
play area T and the reflective display area R. Therefore,
as in the fourth embodiment, by forming the planarization
layer 25 to cover the color filter 22 and then forming the
retardation layer 21 on the corresponding planarization
layer 25, it is possible to make not only the thickness of
the retardation layer 21 but also the height of the retar-
dation layer 21 protruded into the liquid crystal layer 50
uniform between the sub pixels, thereby obtaining the
high-contrast display from the whole display area.

Fifth Embodiment

[0117] Next, a fifth embodiment of the invention will be
described with reference to Figs. 12 and 13.

[0118] Aliquid crystal display device 500 according to
the fifth embodiment is an IPS mode liquid crystal display
device having the same basic structure as the liquid crys-
tal display device 200 according to the second embodi-
ment, but is different from the liquid crystal display device
according to the second embodiment, inthat the structure
of the colorfilter 22 on the counter substrate 20 is different
and a planarization layer 25 is formed on the color filter
22. Accordingly, the arrangement of optical axes of the
liquid crystal display device is completely equal to that
of the second embodiment and thus description thereof
is omitted. In Figs. 12 and 13, the same elements as the
liquid crystal display device 200 shown in Figs. 5to 7 are
denoted by the same reference numerals and detailed
description thereof is omitted.

[0119] As shown in Fig. 12, the color filters (color ma-
terial layers) 22 are formed to correspond to the sub pixel
areas of the liquid crystal display device 500, and a band-
shaped opening 22a crossing the corresponding sub pix-
el areain the X axis direction is formed in each color filter
22. The opening 22a is formed at the center in the Y axis
direction of the reflective display area R. The width in the
Y axis direction of the opening 22a is about 1/5 of the
width in the Y axis direction of the reflective display area
R. Accordingly, the color filter 22 according to the fifth
embodiment has a first color material area formed out of
a color material layer having no opening corresponding
to the transmissive display area T and a second color
material area formed out of a color material layer having
the opening corresponding to the reflective display area
R. The chromaticity of the whole second color material
area having the opening 22a is less than that of the first
color material area corresponding to the transmissive dis-
play area T. Accordingly, it is possible to allow the visual
quality of the reflective display using the light passing
through the color filter 22 two times for the display to be
equal to that of the transmissive display.

[0120] As can be seen from the sectional structure
shown in Fig. 13, the color filter 22 is formed on the inner
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surface of the substrate body 20A as a base body of the
counter substrate (second substrate) 20 and the planari-
zation layer 25 is formed to cover the color filter 22. In
addition, the planarization layer 25 is filled in a recessed
portion on the substrate body 20A resulting from the
opening 22a of the color filter 22 to fill the recessed por-
tion. As a result, the surface of the planarization layer 25
opposed to the liquid crystal layer 50 forms a flat plane
and the retardation layer 21 is formed on the flat plane.
The planarization layer 25 can be made of, for example,
acryl or silicon oxide.

[0121] In the liquid crystal display device 500 accord-
ing to the fifth embodiment having the above-mentioned
structure, similarly to the liquid crystal display device 400
according to the fourth embodiment, since the uneven-
ness resulting from the opening 22a is made flat by the
planarization layer 25 and then the retardation layer 21
is formed thereon, it is possible to easily form the retar-
dation layer 21 having a desired phase difference, there-
by obtaining the high-contrast display.

[0122] Asthe colorfilter 22, different color material lay-
ers are formed in different sub pixel areas, and the thick-
nesses of the color material layers can be different from
each other. Accordingly, when the retardation layer 21
is formed directly on the color filter 22, the height of the
retardation layer 21 protruded into the liquid crystal layer
50 may be different between the sub pixels having dif-
ferent color filters 22. Therefore, by making the uneven-
ness on the surface of the color filter 22 in the sub pixel
area flat by the use of the planarization layer 25 according
to the fifth embodiment and thus making the unevenness
between the sub pixels flat, it is possible to unify the pro-
truded height of the retardation layer 21 serving as a lig-
uid-crystal-layer-thickness adjusting layer, thereby eas-
ily obtaining high-contrast display.

[0123] As a result of measuring the electro-optical
characteristic of the liquid crystal display device 500 ac-
cording to the fifth embodiment similarly to the liquid crys-
tal display device 200 according to the second embodi-
ment, it is possible to obtain the same result as the liquid
crystal display device 200 shown in Fig. 7B, and thus to
embody a display device in which reflective display qual-
ity and transmissive display quality are consistent with
each other in any of white display, black display, and
intermediate gray-scale display.

[0124] Although it has been described in the fifth em-
bodiment that a band-shaped opening crossing the sub
pixel area in the X axis direction is provided as the open-
ing 22a of the color filter 22, the two-dimensional shape
of the opening 22a is not limited to the band shape, but
may employ a variety of shapes. Forexample, an opening
having a rectangular shape, a polygonal shape, or a cir-
cular shape may be formed in the color material layer in
the reflective display area R.

[0125] Although it has been described in the fifth em-
bodiment that the opening 22a is selectively formed to
adjust the chromaticity of the second color material area
corresponding to the reflective display area R, the follow-

10

15

20

25

30

35

40

45

50

55

13

ing structures may be used to adjust the chromaticity: a
structure that the thickness of the color material layer in
the second color material area is set smaller than the
thickness of the color material layer in the first color ma-
terial area; a structure that a color material layer having
chromaticity different from that of the first color material
area is formed in the second color material area; and a
structure that color material areas having three or more
colors are formed in the sub pixel area to obtain desired
chromaticity by a mixed color thereof. Even when any of
the structures described above is employed, unevenness
resulting from the difference in thickness of the color ma-
terial layers may be formed on the surface of the color
filter 22 and thus it may be difficult to obtain the desired
phase difference only by forming the retardation layer 21
directly on the color filter 22. Even when the surface of
the color filter 22 is made flat in the reflective display area
R, the height of the retardation layer 21 protruded into
the liquid crystal layer 50 may not be uniform between
the sub pixels having different color material layers
formed therein, because the retardation layer 21 accord-
ing to the invention also serves as a liquid-crystal-layer-
thickness adjusting layer for making the thickness of the
liquid crystal layer 50 different between the transmissive
display area T and the reflective display area R by means
of its own thickness. Therefore, as in the fifth embodi-
ment, by forming the planarization layer 25 to cover the
color filter 22 and then forming the retardation layer 21
on the corresponding planarization layer 25, itis possible
to make not only the thickness of the retardation layer 21
but also the height of the retardation layer 21 protruded
into the liquid crystal layer 50 uniform between the sub
pixels, thereby obtaining the high-contrast display from
the whole display area.

Electronic Apparatus

[0126] Fig. 9is a perspective view illustrating a mobile
phone as an example of an electronic apparatus having
the liquid crystal display device according to the invention
as a display unit. The mobile phone 1300 has the liquid
crystal display device according to the invention as a
small-sized display unit 1301 and includes a plurality of
operation buttons 1302, an earpiece 1303, and a mouth-
piece 1304.

[0127] The liquid crystal display device according to
the above-mentioned embodiments can be very suitably
used as an image display unit for an electronic book, a
personal computer, a digital still camera, a liquid crystal
television, a view finder type or monitor direct-view type
video tape recorder, a car navigation apparatus, a pager,
an electronic pocketbook, an electronic calculator, a word
processor, a work station, a television phone, a POS ter-
minal, an apparatus having a touch panel, and the like
in addition to the mobile phone. Accordingly, itis possible
to obtain transmissive display and reflective display with
high contrast and wide viewing angle.



25 EP 1744 204 B1 26

Claims

Aliquid crystal display device (100) comprising a first
substrate (10) and a second substrate (20) opposed
to each other with a liquid crystal layer (50) therebe-
tween, in which a first electrode (9) and a second
electrode (19) are provided on a side of the first sub-
strate (10) opposed to the liquid crystal layer (50),
the liquid crystal layer (50) is driven by means of an
electric field generated between the first electrode
(9) and the second electrode (19), and a reflective
display area (R) for reflective display and a trans-
missive display area (T) for transmissive display are
formed in a sub pixel area,

wherein the thickness of the liquid crystal layer
(50) in the transmissive display area (T) is great-
er than the thickness of the liquid crystal layer
(50) in the reflective display area (R),

a retardation layer (21) is formed in an area cor-
responding to the reflective display area (R),
said retardation layer (21) gives a phase differ-
ence of about A/2 to incident light of wavelength
A,

in the absence of an electric field the liquid crys-
tal layer (50) in the reflective display area (R)
gives a phase difference of about A/4 to the in-
cident light, and

characterized in that

the retardation layer (21) is selectively formed
only in the area corresponding to the reflective
display area (R).

The liquid crystal display device (100) according to
claim 1, wherein the thickness of the liquid crystal
layer (50) is adjusted by stacking the retardation lay-
er (21) and a resin layer (23).

The liquid crystal display device (100) according to
claim 1 or claim 2, wherein the first electrode (9) and
the second electrode (19) have a plurality of band-
shaped electrodes.

The liquid crystal display device (100) according to
claim 1 or claim 2, wherein the first electrode (9) is
a two-dimensional solid electrode and the second
electrode (19) has a plurality of band-shaped elec-
trodes.

The liquid crystal display device (100) according to
any one of the preceding claims, wherein a color
material layer (22) having a plane area correspond-
ing to the sub pixel area is formed on the side of the
second substrate (20) opposed to the liquid crystal
layer (50), the color material layer (22) has a first
color material area corresponding to the transmis-
sive display area (T) and a second color material
area corresponding to the reflective display area (R),
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and a recessed portion is formed in the second color
material area by removing a part of the color material
layer (22), and

wherein a planarization layer (25) for making at least
the recessed portion of the color material layer (22)
flat is formed on the color material layer (22) and the
retardation layer (21) is formed on the planarization
layer (25).

An electronic apparatus comprising the liquid crystal
display device (100) according to any one of the pre-
ceding claims.

Patentanspriiche

1.

Flussigkristallanzeigevorrichtung (100), umfassend
ein erstes Substrat (10) und ein zweites Substrat
(20), die einander gegeniiber liegen, mit einer da-
zwischen liegenden Flussigkristallschicht (50), wo-
bei eine erste Elektrode (9) und eine zweite Elektro-
de (19) an einer Seite des ersten Substrates (10)
gegenuber der Flissigkristallschicht (50) bereitge-
stellt sind, wobei die Flussigkristallschicht (50) mit
Hilfe eines elektrischen Feldes angesteuert wird,
das zwischen der ersten Elektrode (9) und der zwei-
ten Elektrode (19) erzeugt wird, und wobei eine re-
flektive Anzeigeflache (R) zur reflektiven Anzeige
und eine transmissive Anzeigeflache (T) zur trans-
missiven Anzeige in einer Subpixelflache gebildet
sind,

wobei die Dicke der Flussigkristallschicht (50) in der
transmissiven Anzeigeflache (T) gréRer als die Dik-
ke der Flussigkristallschicht (50) in der reflektiven
Anzeigeflache (R) ist,

eine Verzdgerungsschicht (21) in einer Flache ge-
bildet ist, die der reflektiven Anzeigeflache (R) ent-
spricht,

wobei die Verzégerungsschicht (21) eine Phasen-
differenz von etwa A/2 zu einfallendem Licht der Wel-
lenlange A liefert,

bei fehlendem elektrischen Feld die Flissigkristall-
schicht (50) in der reflektiven Anzeigeflache (R) eine
Phasendifferenz von etwa A/4 zu dem einfallenden
Licht liefert, und

dadurch gekennzeichnet, dass

die Verzdgerungsschicht (21) selektiv nur in der FIa-
che gebildetist, die der reflektiven Anzeigeflache (R)
entspricht.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1, wobei die Dicke der Flissigkristallschicht
(50) durch Stapeln der Verzdégerungsschicht (21)
und einer Harzschicht (23) eingestellt wird.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1 oder Anspruch 2, wobei die erste Elektrode
(9) und die zweite Elektrode (19) mehrere bandfor-



27 EP 1744 204 B1 28

mige Elektroden aufweisen.

Flussigkristallanzeigevorrichtung (100) nach An-
spruch 1 oder Anspruch 2, wobei die erste Elektrode
(9) eine zweidimensionale Festkdrperelektrode ist
und die zweite Elektrode (19) mehrere bandférmige
Elektroden aufweist.

Flissigkristallanzeigevorrichtung (100) nach einem
der vorangehenden Anspriiche, wobei eine Farbma-
terialschicht (22) mit einer ebenen Flache, die der
Subpixelflache entspricht, an der Seite des zweiten
Substrats (20) gebildet ist, die der Flissigkristall-
schicht (50) gegenuiber liegt, die Farbmaterialschicht
(22) eine erste Farbmaterialflache aufweist, die der
transmissiven Anzeigeflache (T) entspricht, und eine
zweite Farbmaterialflache, die der reflektiven Anzei-
geflache (R) entspricht, und ein vertiefter Abschnitt
in der zweiten Farbmaterialflache gebildet wird, in-
dem ein Teil der Farbmaterialschicht (22) entfernt
wird, und

wobei eine Ebnungsschicht (25), um zumindest den
vertieften Abschnitt der Farbmaterialschicht (22)
flach zu machen, auf der Farbmaterialschicht (22)
gebildet ist, und die Verzdgerungsschicht (21) auf
der Ebnungsschicht (25) gebildet ist.

Elektronisches Gerat, umfassend die Flissigkristall-
anzeigevorrichtung (100) nach einem der vorange-
henden Anspriiche.

Revendications

Dispositif d’affichage a cristaux liquides (100) com-
prenant un premier substrat (10) et un deuxiéme
substrat (20) opposés 'un par rapport a l'autre avec
une couche de cristaux liquides (50) entre eux, une
premiére électrode (9) et une deuxiéme électrode
(19) étant fournies sur un cété du premier substrat
(10) opposé a la couche de cristaux liquides (50), la
couche de cristaux liquides (50) étant excitée a I'aide
d’'un champ électrique généré entre la premiere élec-
trode (9) et la deuxieme électrode (19), et une zone
d’affichage réflectif (R) pour I'affichage réflectif et
une zone d’affichage transmissif (T) pour I'affichage
transmissif étant formées dans une zone de sous-
pixel,

I'épaisseur de la couche de cristaux liquides (50)
dans la zone d’affichage transmissif (T) étant plus
importante que I'épaisseur de la couche de cristaux
liquides (50) dans la zone d’affichage réflectif (R),
une couche de retard (21) étant formée dans une
zone correspondant a la zone d’affichage réflectif
(R),

ladite couche de retard (21) donnant une différence
de phase de prés de A/2 pour de la lumiére incidente
d’une longueur d’onde A,
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en I'absence d’'un champ électrique, la couche de
cristaux liquides (50) dans la zone d’affichage réflec-
tif (R) donnant une différence de phase de pres de
A4 pour la lumiére incidente, et caractérisé en ce
que

la couche de retard (21) est formée sélectivement
seulement dans la zone correspondant a la zone
d’affichage réflectif (R).

Dispositif d’affichage a cristaux liquides (100) selon
la revendication 1, I'épaisseur de la couche de cris-
tauxliquides (50) étant ajustée en empilantla couche
de retard (21) et une couche de résine (23).

Dispositif d’affichage a cristaux liquides (100) selon
la revendication 1 ou la revendication 2, la premiére
électrode (9) et la deuxieme électrode (19) ayantune
pluralité d’électrodes en forme de bande.

Dispositif d’affichage a cristaux liquides (100) selon
la revendication 1 ou la revendication 2, la premiére
électrode (9) étant une électrode solide bidimension-
nelle et la deuxiéme électrode (19) possédant une
pluralité d’électrodes en forme de bande.

Dispositif d’affichage a cristaux liquides (100) selon
'une quelconque des revendications précédentes,
une couche de matiére colorée (22) avec une zone
plane correspondant a la zone de sous-pixel étant
formée du c6té du deuxieme substrat (20) opposé a
la couche de cristaux liquides (50), la couche de ma-
tiere colorée (22) possédant une zone a matiére
d’une premiére couleur correspondant alazone d’af-
fichage transmissif (T) et une zone a matiere d’'une
deuxiéme couleur correspondant a la zone d’afficha-
ge réflectif (R), et une partie creuse étant formée
dans la zone de matiere d’'une deuxiéme couleur en
enlevant une partie de la couche de matiére colorée
(22), et

une couche de planarisation (25) pour aplatir au
moins la partie creuse de la couche de matiére co-
lorée (22) étant formée sur la couche de matiére co-
lorée (22), et la couche de retard (21) étant formée
sur la couche de planarisation (25).

Appareil électronique comprenant le dispositif d’af-
fichage a cristaux liquides (100) selon I'une quelcon-
que des revendications précédentes.
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