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7) ABSTRACT

To provide a transflective liquid crystal display apparatus that
employs in-plane switching mode (in-plane switching sys-
tem), which exhibits a reflection property of wide view
angles. Provided is a transflective liquid crystal display appa-
ratus which comprises: a reflective area and a transmissive
area; an uneven reflective plate providedin the reflective area;
a flattening film laminated on the uneven reflective plate; and
common electrodes and pixel electrodes arranged on the flat-
tening film, wherein, the uneven reflective plate comprises a
diffusive reflecting function that is capable of diffusely
reflecting light making incident at an incident angle of 30
degrees towards directions at exit angles of 0-10 degrees, and
a surface of the flattening film is set to be substantially flat.
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY APPARATUS

[0001] The preset application is a continuation of U.S.
application Ser. No. 11/756,513 filed May 31, 2007, which
claims priority to Japanese Patent Application No. 2006-
155449 filed on Jun. 2, 2006. The entire disclosure of the prior
applications are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a transflective liquid
crystal display apparatus and, more specifically, to a trans-
flective liquid crystal display apparatus in which each pixel
comprises a light-reflection type reflective area and a light-
transmission type transmissive area.

[0004] 2. Description of the Related Art

[0005] FIG. 10 illustrates a conventional case depicted in
Japanese Unexamined Patent Publication 2003-344837
(Patent Literature 1). A liquid crystal display apparatus 100
shown in FIG. 10 is constituted with a lower side substrate 11,
a counter side substrate 12, and a liquid crystal layer 13 held
by being interposed therebetween. Further, each of the pixels
constituting the display unit of the liquid crystal display appa-
ratus 100 comprises a light-reflection type reflective area and
a light-transmission type transmissive area. FIG. 10 shows a
schematic sectional view of a single pixel that is disclosed in
Patent Literature 1.

[0006] In FIG. 10, the counter side substrate 12 is consti-
tuted with a black matrix layer 17 formed on a transparent
insulating substrate 224 as a light-shielding film, a color layer
18 that is partially overlapped with the black matrix layer 17,
and a transparent overcoat layer 19 formed on the black
matrix layer 17 and the color layer 18. Further, in order to
prevent the liquid crystal layer 13 from being electrically
influenced by the electrification from the surface of a liquid
crystal display panel generated due to a contact or the like, a
transparent conductive layer 15 is formed on the back face of
the transparent insulating substrate 225. The color layer 18 is
formed with a resin film containing dyes or pigments of red
(R), green (G), and blue (B).

[0007] Further, the lower side substrate 11 comprises: on a
transparent insulating substrate 22a, a first metal layer where
scanning lines (not shown) and gate electrodes (not shown) of
thin film transistors used for driving are formed; a first inter-
layer insulating film 23 formed thereon; a second metal layer
formed on the firstinterlayer insulating film 23, on which data
lines 24, source electrodes and drain electrodes (not shown)
of the thin film transistors are formed; a second interlayer
insulating film 25 formed thereon; and common electrodes 26
and pixel electrodes 27 formed thereon with transparent elec-
trodes.

[0008] The lower side substrate 11 and the counter side
substrate 12 respectively comprise an alignment film 204 and
an alignment film 205 on the respective opposing face sides
thereof. Rubbing processing is applied thereon from the
extending direction of the pixel electrode 27 and the common
electrode 26 towards a prescribed direction tilted by about 10
to 30 degrees so that the liquid crystal layer 13 is aligned
homogeneously. Thereafter, both substrates are laminated to
face each other. This angle is called an initial alignment
direction of the liquid crystal molecules.
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[0009] A spacer (notshown) is provided between the lower
side substrate 11 and the counter side substrate 12 for keeping
the thickness of the liquid crystal layer 13. Further, a seal (not
shown) is formed in the periphery of the liquid crystal layer
13 for not leaking the liquid crystal molecules to the outside.

[0010] In addition to the data lines 24 through which data
signals are supplied, common electrode wirings (not shown)
and the common electrodes 26 through which reference
potential is supplied, and the pixel electrodes 27 that corre-
spondto the pixels to be displayed, the lower side substrate 11
comprises scanning lines (not shown) through which scan-
ning signals are supplied and the above-mentioned driving
thin film transistors (TFTs) (not shown) which are provided
on the transparent insulating substrate 22a.

[0011] A driving thin film transistor comprises a gate elec-
trode, a drain electrode, and a source electrode, and it is
provided by corresponding to each pixel in the vicinity of the
intersection between the scanning line and the data line 24.
The gate electrode is electrically connected to the scanning
line, the drain electrode to the data line 24, and the source
electrode to the pixel electrode 27.

[0012] Thecommon electrode 26 and the pixel electrode 27
are both in a pectinate shape, and the teeth of each electrode
are all extended in parallel to the data line 24. Furthermore,
the teeth of the common electrode 26 and that of the pixel
electrode 27 are arranged alternately with each other.

[0013] An in-plane switching system is employed for both
of the above-mentioned transmissive area T and reflective
area H of the liquid crystal display apparatus 100. Regarding
the liquid crystal display apparatus 100, in the pixel to which
the data signals (selected by the scanning signals supplied
through the scanning lines, and supplied through the data
lines 24) are written, parallel electric fields are generated in
the above-described transparent insulating substrates 224,
22b between the common electrodes 26 and the pixel elec-
trodes 27. The alignment direction of the liquid crystal mol-
ecules is rotated within a plane in parallel to the transparent
insulating substrates 224, 225 in accordance with the gener-
ated electric field so as to perform a prescribed display.

[0014] A vertically long area surrounded by the above-
described common electrode 26 and the pixel electrode 27 is
called a column (not shown). In the above-described liquid
crystal display apparatus 100, the common electrode 26 and
the pixel electrode 27 are both formed with a transparent
material, indium tin oxide (ITO).

[0015] Further, in the transmissive area T and the reflective
area H, the common electrode 26 is formed on a layer that is
closer to the liquid crystal layer than to the scanning line and
the data line 24, and it is formed to have a wider width than the
scanning line and the data line 24 so as to cover the scanning
line and the data line 24 completely.

[0016] Furthermore, as shown in FIG. 10, in the reflective
area H, a reflective plate 9 is formed on a layer that is closer
to the liquid crystal layer than to the scanning line and the data
line 24, and it is disposed to cover the scanning line and the
data line 24 completely.

[0017] By forming the common electrode 26 and the reflec-
tive plate 9 in this manner, it is possible to shut the leaked
electric field from the data line 24 and the scanning line. Thus,
the effective display area that can be controlled by the electric
field generated between the pixel electrode 27 and the com-
mon electrode 26 can be expanded. Therefore, the aperture
ratio can be improved.
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[0018] Furthermore, as can be seen from FIG. 10, the sec-
ond interlayer insulating film 25 is provided between the
common electrode 26 and the data line 24 in the transmissive
area T.

[0019] Through setting the ratio d/e of'the film thickness (d)
with respect to the permittivity (€) of the second interlayer
insulating film 25 sufficiently large, the parasitic capacitance
between the data line 24 and the common electrode 26 can be
decreased. Further, as can be seen clearly from FIG. 10, in the
reflective area H, the second interlayer insulating film 25, a
second insulating film 85, the reflective plate 9, and a third
insulating film 8¢ are provided between the common elec-
trode 26 and the data line 24. This provides a proper distance
between the data line 24 and the common electrode 26,
thereby decreasing the parasitic capacitance.

[0020] In this conventional case, the common electrode 26
and the pixel electrode 27 are both formed on the second
interlayer insulating film 25 in the transmissive area T, and the
common electrode 26 and the pixel electrode 27 are both
formed on the third insulating film 8¢ in the reflective area H.
Therefore, the common electrode 26 and the pixel electrode
27 can be formed by the same step and the same material,
which improves the manufacture efficiency.

[0021] Further, after forming the interlayer insulating film
25, a second insulating film 85 is formed in the reflective area
H. The second insulating film 85 is normally formed with a
double-layer structure constituted with an uneven film and a
flattening layer. However, it can also be formed with a single-
layer structure by using a halftone mask.

[0022] Furthermore, the reflective plate 9 made of alumi-
num is formed on the second insulating film 85 whose surface
is uneven. This reflective plate 9 functions to reflect the inci-
dent light diffusely. The third insulating film 8¢ is formed over
the reflective plate 9 and the surface thereof is flattened.
Further, the common electrode 26 and the pixel electrode 27
made of indium tin oxide (ITO) as in the case of the trans-
missive area T are formed on the third insulating film 8¢, and
an alignment film 20¢ is formed thereon to constitute the
lower side substrate 11.

[0023] In the above-described conventional case shown in
FIG. 10, a thin flattening film is provided on the uneven
reflective plate 9 in the reflective area H, and interdigital
electrodes are provided thereon. Meanwhile, the transmissive
area T has a structure where the interdigital electrodes of the
same layer as that of the reflective interdigital electrodes are
directly formed on the second interlayer film (without pro-
viding the uneven layer and the flattening layer).

[0024] There is a difference in heights provided between
the transmissive part and the reflective part (reflective part-
transmissive part difference) by the difference of “uneven
layer+reflective part metal+flattening layer” to provide a pre-
scribed retardation (phase difference between two kinds of
intrinsic polarization light) between the reflective part (And
(R)) and the transmissive part (And (T)) by that difference.

[0025] The refractive index anisotropy of the liquid crystal
(An) is about An=0.1. Thus, provided that And (T)-And(R)=
(M2)-(W4)=137 nm, it is necessary to provide the reflective
part-transmissive part difference of about 1.3 pm. In this case,
about 0.1-0.3 um is required for the film thickness of the
reflective part metal (aluminum), so that the thickness of the
“uneven layer+flattening layer” becomes about 1.0 pm.
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[0026] Further, in the above-described conventional case,
there is no restriction set in the reflection mode regarding the
angle of the incident light and the angle of the exit light with
respect to the liquid crystal.

[0027] The angle of the incident light and the angle of the
emitted light with respect to the liquid crystal at the time of
the reflection mode in the above-described conventional case
will be investigated herein.

[0028] In the above-described conventional case, the in-
plane switching system is employed for driving the liquid
crystal. In this drive method, it is necessary to set the pretilt
angle of the liquid crystal to be close to 5 degrees or less
(preferably 0 degree) as much as possible.

[0029] This is because of the following reasons. That is, if
the pretilt of the liquid crystal is too large, idealistic in-plane
switching drive cannot be performed and there generates
alignment disturbances, since the liquid crystal keeps the
pretiltto be aligned in a tilted manner on the substrate surface.
Therefore, contrast and the viewing angle are deteriorated,
thereby deteriorating the display quality.

[0030] Now, the relation regarding the settings of the
above-described tilt angle of the unevenness, the incident
angle, the exit angle, and the operation of the entire apparatus
will be analyzed further.

[0031] When the incident angle of the light is as shallow as
0-15 degrees and the exit angle is 0 degree, the tilt angle of the
uneven reflective plate can be set as shallow, and the film
thickness of the unevenness may be set as about 0.5 um. For
easing the difference in the heights of the uneven parts, it is
necessary to provide a flattening film having the thickness
about the same as that of the uneven film. Thus, the thickness
of the flattening film also needs to be about 0.5 um.

[0032] When the tilt angle of the uneven reflective plate is
gentle as in this case, the rise and fall of the uneven parts on
the surface of the flattening film under the interdigital elec-
trodes is relatively gentle even if the uneven film or the flat-
tening film is thin, and the pattern formation of the interdigital
electrodes is relatively easy. Further, there causes no distur-
bance even when the liquid crystal is driven in the lateral
electric field, and there is not much deterioration generated in
the display quality mentioned above.

[0033] Inthe meantime, when the incident angle ofthe light
is as deep as 30-15 degrees and the exit angle is 0 degree, and
the tilt angle of the uneven reflective plate is deep, it is nec-
essary to thicken the uneven film. In this case, the difference
between the uneven parts on the surface of the flattening film
under the interdigital electrodes becomes also significant
depending on the material and the thickness of the flattening
film. Therefore, the pattern formation of the interdigital elec-
trodes becomes difficult. Further, there often causes distur-
bance in the liquid crystal when the liquid crystal is driven in
the lateral electric field, which often results in causing dete-
rioration of the contrast and the viewing angle. Therefore, it is
necessary in such a case to form the flattening film to be thick.

[0034] As described above, when a priority is given to the
flattening characteristic under the interdigital electrodes in
the reflective area, the uneven film and the flattening film both
become thick. Thus, in the structure of the above-described
conventional case, it is difficult to set the reflective part-
transmissive part difference to be about 1.0 pm, for example.
Therefore, in the conventional transflective liquid crystal dis-
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play apparatus of an In-plane switching mode, it is difficult to
obtain the reflective characteristic of wide view angles.

SUMMARY OF THE INVENTION

[0035] The object of the present invention therefore is to
improve the inconveniences of the conventional case, and to
provide a transflective liquid crystal display apparatus of an
in-plane switching mode (in-plane switching system), which
has a reflection property of wide view angles.

[0036] In order to achieve the aforementioned object, each
single pixel constituting a transflective liquid crystal display
apparatus according to the present invention comprises: a
reflective area and a transmissive area; an uneven reflective
plate provided in the reflective area; a flattening film lami-
nated on the uneven reflective plate; and common electrodes
and pixel electrodes arranged on the flattening film, wherein,
the uneven reflective plate comprises a diffusive reflecting
function that is capable of diffusely reflecting light making
incident at an incident angle of 30 degrees towards directions
at exit angles of 0-10 degrees, and a surface of the flattening
film is set to be flat or close to flat.

[0037] Therefore, the driving electrodes can be attached/
formed stably on the flattening film, so that it is possible to
achieve the effect of providing the reflection property of wide
view angles and improving the durability of the entire appa-
ratus.

[0038] The transflective liquid crystal display apparatus
may be structured such that, as a drive system for the liquid
crystal, in-plane switching (IPS) mode or field fringe switch-
ing (FFS) mode is employed for both the reflective area and
the transmissive area.

[0039] Further, an average tilt angle of the above-described
uneven reflective plate may be set as 3-12 degrees, and an
average tilt angle of the surface of the flattening film may be
set to a value not exceeding a range of 3-5 degrees. With this,
a liquid crystal display apparatus which provides stable
operations and comprises the reflection property of wide view
angles can be obtained.

[0040] The average tilt angle of the uneven reflective plate
may be set as 6-9 degrees, and the average tilt angle of the
surface of the flattening film may be set to a value not exceed-
ing a range of 3-5 degrees.

[0041] This enables the diffusive reflection to be set in a
more effective state and, at the same time, the uneven part of
the flattening film becomes close to flat. Therefore, the above-
described electrodes can be stably attached/formed on the
flattening film.

[0042] Furthermore, the uneven reflective plate may have a
difference of 0.6 um or more in heights of uneven parts, and
a difference in heights on the surface of the flattening film
may be 0.4 pm or less.

[0043] Moreover, And of a liquid crystal layer of the reflec-
tive area may be set as about A/4, and And of a liquid crystal
layer of the transmissive may be set as about A/2. Also, the
flattening film may be formed uniformly from the reflective
area to the transmissive area continuously.

[0044] The refractive index anisotropy An of the flattening
film may be set as 0.001 or less.

[0045] With this, it is possible to avoid deterioration of the
contrast even if a flattening film is provided in the transmis-
sive area (transmissive part). Therefore, an excellent state can
be maintained.

[0046] In the transflective liquid crystal display apparatus
according to the present invention where the transmissive part
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(transmissive area) T and the reflective part (reflective area) H
both employ the in-plane switching drive, the average tilt
angle of the uneven parts of the uneven reflective plate is set
at 3-12 degrees, for example, to allow dispersion of exit
angles. Thus, it is possible to obtain the reflection property of
wide view angles for diffusely reflecting the light form the
direction at an incident angle of 30 degrees towards directions
at exit angles of 0-10 degrees. Further, the flattening film is
provided on the uneven reflective plate to make the top face of
the layer on which the electrodes are formed to be flat or close
to flat, so that the driving electrodes can be stably attached/
formed. With this, it is possible to provide the transflective
liquid crystal display apparatus that is capable of improving
the reliability and the durability of the entire apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1is a schematic block diagram for showing a
mutual relation between electrodes and the wirings thereof on
the base substrate side of a transflective liquid crystal display
apparatus according to an embodiment of the present inven-
tion;

[0048] FIG. 2 is a schematic sectional view of a pixel part
taken along the line E-E' of FIG. 1;

[0049] FIG. 3 illustrates sectional views taken along the
line F-F' and the line G-G' of FIG. 1, in which FIG. 3Ais a
fragmentary sectional view for showing a transmissive part
(transmissive area) taken along the line F-F' of FIG. 1, and
FIG. 3B is a fragmentary sectional view for showing a reflec-
tive part (reflective area) taken along the line G-G' of FIG. 1,
[0050] FIG. 4 is an illustration for describing the relation
between the tilt angle of an uneven reflective plate of the
embodiment disclosed in FIG. 1 and the incident angle/exit
angle of light;

[0051] FIG. Sillustrates the relation regarding the tilt angle
of the flattening film surface (applied over the uneven reflec-
tive plate) according to the embodiment disclosed in FIG. 1
and the electrode width provided on the flattening film sur-
face, in which FIG. 5A is an illustration for describing the tilt
angle of the uneven reflective plate, FIG. 5B is an illustration
for describing the tilt angle of the flattening film surface, and
FIG. 5C is a graph for showing the relation between the
flattening film thickness and the average tile angle of the
flattening film surface;

[0052] FIG. 6illustrates the relation between the flattening
film and the base uneven film according to the embodiment
disclosed in FIG. 1, in which FIG. 6A shows the relation
regarding the relative thicknesses of the flattening film and
the base uneven film, and FIG. 6B shows the And dependency
of the transmission light intensity;

[0053] FIG. 7is anillustration for describing the difference
in heights of the transmissive part (transmissive area) and the
reflective part (reflective area) of the flattening film part of the
embodiment disclosed in F1G. 1,

[0054] FIG. 8 is an illustration for showing the relation
between the pixel electrodes and the common electrodes
according to another embodiment;

[0055] FIG. 9 illustrates fragmentary sectional views for
showing a part of the transmissive part (transmissive area)
and the reflective part (reflective area) of FIG. 8, in which
FIG. 9A is a schematic fragmentary sectional view taken
along the line C-C' of FIG. 8, and FIG. 9B is a schematic
fragmentary sectional view taken along the line D-D' of FIG.
8; and
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[0056] FIG. 10 is a schematic fragmentary sectional view
for showing the pixel part of the transflective liquid crystal
display apparatus according to the conventional case.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0057] An embodiment of the present invention will be
described hereinafter by referring to FIG. 1-FIG. 7. The same
reference numerals are applied to the structural elements that
are the same as those of the conventional case described
above.

[0058] FIG. 1 is a plan view for showing the positional
relation between each of the electrodes that are arranged in a
single pixel area of a transflective liquid crystal display appa-
ratus (IPS mode) 101 according to the embodiment. As shown
in FIG. 1, each pixel of the transflective liquid crystal display
apparatus 101 is sectioned and specified into corresponding
ranges by data liens 24 and scanning lines 28 provided in
matrix over the entire display apparatus.

[0059] FIG. 2 shows a schematic fragmentary sectional
view (sectional view taken along the line E-E' of FIG. 1) of the
sectioned single pixel.

[0060] In FIG. 1, a transmissive area T is provided in the
upper half part of the illustration, and a reflective area H is
provided in the lower half part thereof.

[0061] InFIG. 1 and FIG. 2, the transflective liquid crystal
display apparatus 101 is constituted with a lower substrate 1,
acounter substrate 2, and a liquid crystal layer 3 held by being
interposed therebetween.

[0062] Among those, each of the laminated part of the
counter substrate 2 is mainly constituted with those having
various functions for display, and it is constituted almost in
the same manner as that of the conventional case (FIG. 10)
described above. That 1s, in this counter substrate 2, a black
matrix layer as a light shielding film, a color layer that is
partially overlapped on the black matrix layer, a transparent
overcoat layer, and an alignment film are laminated in order
towards the liquid crystal side from the insulating transparent
substrate. Furthermore, the counter substrate 2 comprises a
conductive film made of a transparent material for eliminat-
ing the electrification that is generated due to a contact or the
like, and a polarizing plate, which are laminated in order on
the outer face side (opposite side of the liquid crystal) of the
transparent substrate. The entire structure of the counter sub-
strate 2 is constituted thereby. The aforementioned color layer
is formed with a resin film that contains dyes or pigments of
Red (R), green (G), and blue (B).

[0063] Further, each of the laminated part of the lower
substrate 1 is mainly constituted with those having various
functions for driving display members, and there are provided
scanning lines through which scanning signals are supplied
and the aforementioned driving thin film transistors (TFT) 30
on the transparent insulating substrate, in addition to the data
lines 24 through which data signals are supplied, common
electrode wirings 264, 26b and common electrodes 26 (26A,
26B) to which reference potential is supplied, and pixel elec-
trodes 26A, 27B that correspond to the pixels to be displayed.
[0064] A driving thin film transistor 30 comprises a gate
electrode, a drain electrode 30a, and a source electrode 306,
and it is provided by being corresponded to each pixel in the
vicinity of the intersection between the scanning line 28 and
the data line 24. The gate electrode of the thin film transistor
30 is electrically connected to the scanning line 28, the drain
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electrode 30a to the data line 24, and the source electrode 3056
to the pixel electrodes 27A and 27B.

[0065] The lower substrate 1 comprises, on the above-de-
scribed transparent insulating substrate, a gate metal layer
where the above-described scanning lines 28, the common
electrode wirings 26a, 265 and the thin film transistor 30 are
formed, a first interlayer insulating film formed thereon, a
second metal layer formed over the first interlayer insulating
film, on which the data line 24 and the source electrode 305
and the drain electrode 30a of the thin film transistor 30 are
formed, and a second interlayer insulating film formed on the
second metal layer. Further, the lower substrate 1 comprises
an alignment film on the liquid crystal layer side.

[0066] Thecommon electrodes 26 (26A,26B)and the pixel
electrodes 27 (274, 27B) are all formed in pectinate shapes as
shown in FIG. 1, and each tooth in the respective electrodes is
extended in parallel to the data line 24. Further, the teeth of the
interdigital common electrode 26 and the pixel electrode 27
are arranged alternately.

[0067] Reference numeral 26A indicates the reflective part
common electrode, and reference numeral 268 indicates the
transmissive part common electrode. Further, reference
numeral 27 A indicates the reflective part pixel electrode, and
reference numeral 27B indicates the transmissive part pixel
electrode (see FIG. 1).

[0068] Each of the transmissive area T and the reflective
area H described above in the liquid crystal display apparatus
101 employs the in-plane switching system. In the liquid
crystal display apparatus 101, electric fields in parallel to the
above-described transparent insulating substrate are genet-
ated between the common electrodes 26 (26A, 26B) and the
pixel electrodes 27 (27A, 27B). The alignment direction of
the liquid crystal molecules is rotated within a plane in par-
allel to the transparent insulating substrates 22a, 225 in accor-
dance with the generated electric fields so as to perform a
prescribed display. The common electrodes 26 (26A, 26B)
and the pixel electrodes 27 (27A, 27B) are pixels to which the
data signals (selected by the scanning signals supplied
through the scanning lines 28, and supplied through the data
lines 24) are written.

<Reflective Part (Reflection Area) H>

[0069] In the reflective area H, a base uneven film (uneven
0OC) 4 as a base film for forming the unevenness on the
reflective plate is formed on the second interlayer insulating
film (not shown) of the transparent insulating film on the
lower substrate 1 side in a thickness of about 2.0 pm in
average of the uneven parts, and a difference in heights of
about 0.7 um is provided to form the unevenness. On the base
uneven film 4, a reflective plate (uneven reflective plate) 99 of
about 0.1-0.4 um is formed. Furthermore, a flattening film 5 is
formed on the reflective plate 99 as in FIG. 2 in a thickness of
about 2.0-2.5 pm using acryl or the like (see FIG. 2 and FIG.
3B).

[0070] Moreover, the reflective part pixel electrode 27A
and the reflective part common electrode 26A are formed ina
pectinate shape on the flattening film 5. The reflective part
pixel electrode 27A is connected to the source electrode 305
of the TFT via a contact hole 39a, and the reflective part
common electrode 26A is connected to the above-described
common electrode wiring 26a via a contact hole 395 (see
FIG. 1).

<Transmissive Part (Transmissive Area) T>

[0071] Meanwhile, in the transmissive area T, the flatterning
film 5 in common to the reflective area H is formed (see FIG.
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2) on the above-described second interlayer insulating film
(not shown), and the interdigital transmissive part pixel elec-
trode 27B and transmissive part common electrode 26B are
formed thereon (see FIG. 3A). The pixel electrode 27B and
the common electrode 26B may be formed in common with
the above-described reflective area H and extendedly pro-
vided therefrom. The pixel electrode 27B is connected indi-
vidually to the source electrode 305 of the TFT via a contact
hole 39¢, and the transmissive part common electrode 26B is
connected to the common electrode wiring 265 via a contact
hole 394 (see FIG. 1).

[0072] The lower substrate 1 and the counter substrate 2
comprise an alignment film provided thereon, respectively,
on the liquid crystal layer 3 side. Then, as shown in the
drawing, rubbing processing is applied towards a prescribed
direction tilted by about 10-30 degrees from the extending
direction of the pixel electrodes 27A, 27B and the common
electrodes 26A, 268 so that the liquid crystal layer is aligned
homogeneously. Thereafter, both substrates are laminated to
face each other. This angle is called an initial alignment
direction of the liquid crystal molecules.

[0073] Further, a spacer (not shown) is provided between
the lower substrate 1 and the counter substrate 2 for keeping
the thickness of the liquid crystal layer 3. Further, a seal (not
shown) is formed in the periphery of the liquid crystal layer 3
for not leaking the liquid crystal molecules to the outside. In
the above-described liquid crystal layer 3, electric field drive
(liquid crystal display) by the in-plane switching drive is
executed with the electric fields applied between the inter-
digital common electrodes 26A, 26B and pixel electrodes
27A, 27B provided by corresponding thereto as described
above.

<Relation Between Angle of Incident/Exit Light with
Respect to Liquid Crystal and Tilt Angle of Uneven Reflective
Plate>

[0074] Now, there will be described the relation regarding
angles of the incident/exit light to/from the liquid crystal 3
side and the tile angle of the uneven reflective plate 99 accord-
ing to the embodiment.

[0075] FIG. 4 shows the relative relation between the inci-
dent angle 8, /exit angle 6, and the tilt angle ¢, of the uneven
reflective plate 99.

[0076] The tilt angle ¢, of the uneven reflective plate 99 is
calculated by the following expressions.
1, sin 6,=n,sin 6, M
05=0,0; @
n, sin 6,=n, sin 6, (©)
[0077] Itis noted here thatn,=1.0 and n,=1.6. Inthe above-

described conventional technique shown in FIG. 10, the
uneven reflective plate 9 is formed such that the light making
incident at an incident angle (0,) of 15 degrees is reflected
diffusely in the direction at an exit angle (8,) of 0 degree.
However, in the case where the in-plane switching drive is
employed to the reflective area (uneven reflective plate 99) as
described in the embodiment, there is required the uneven
reflective plate 99 which has such a tilt angle ¢, that the light
making incident at the incident angle (6,) of 30 degrees is
reflected diffusely in the direction at the exit angle (0,) of
0-10 degrees, in order to achieve wide view angles in the
reflection mode.

[0078] As shown in FIG. 5A and FIG. 5B, the tilt angle ¢,
is an angle formed between the lower substrate 1 and a tan-
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gent from an arbitrary point on the uneven reflective plate 99
or a tangent on an arbitrary point on the surface 5A of the
flattening film 5.

[0079] Further, as shown in FIG. 4, the tilt angle ¢, of the
uneven reflective plate 99 is about 2-5 degrees, when light
makes incident from the direction at the incident angle (6,) of
15 degrees and thereflected light is diffused in the direction of
0-10 degrees. Furthermore, the tilt angle ¢, of the uneven
reflective plate 99 is about 6-9 degrees, when light makes
incident from the direction at the incident angle (6,) of 30
degrees and the reflected light is diffused in the direction of
0-10 degrees.

[0080] Inthis case, the tilt angle ¢,, of the uneven reflective
plate 99 for achieving the wide view angles may be set larger
than the tilt angle of the conventional uneven reflective plate
9. With this, the uneven reflective plate 99 having a diffusive
reflecting function can be set. In this case, on an experiment,
it is confirmed that there is a possibility of having diffusive
reflection even when the tilt angle ¢, of the uneven part of the
uneven reflective plate 99 is within the range of3-12 degrees.

[0081] Itisdifficult to form the uneven reflective plate 99 in
such a manner that the entire tilt faces of each uneven part are
constituted to have a certain tilt angle ¢,,. Therefore, the
embodiment herein considers the tilt angle ¢, of the uneven
reflective plate 99 as an average tilt angle of the entire tilt
faces of each uneven part of the uneven reflective plate 99.

[0082] When executing the in-plane switching mode by the
use of the in-plane switching drive, the flattening film 5 is
required on the uneven reflective plate 99 in order to form the
interdigital thin electrode (for example, the reflective part
pixel electrode 27A) in the reflective area H. Average tilt
angle ¢, of the surface of the flattening film 5 (see FIG. 5B)
can be made smaller (close to flat state) than the tilt angle ¢,
of the uneven reflective plate 99 by increasing the thickness of
the flattening film 5.

[0083] The graph of FIG. 5C shows the state of changes in
the thickness of the flattening film 5 and the average tile angle
¢,, of the flattening film surface, when the average tilt angle
¢,, of the uneven reflective plate 99 is 6 degrees.

[0084] In an experimental example where the width of the
interdigital electrode was set as 3 um, the interdigital elec-
trode was formed when the average tilt angle (¢,,) of the
flattening film surface was 2.5 degrees or less, i.e. when the
thickness of the flattening film 5 was 1.5 pm or more. How-
ever, when the thickness of the flattening film was smaller
than 1.5 pm, exfoliation of the electrodes was observed.

[0085] Furthermore, when the width of the interdigital
electrode was set as 1.5 um for the same experiment, the
interdigital electrode was formed when the average tilt angle
(¢, of the flattening film surface was 1.5 degrees or less, i.e.
when the thickness of the flattening film 5 was 2.5 pm or
more. However, when the thickness of the flattening film was
smaller than 2.5 pm, exfoliation of the electrodes was
observed. Therefore, attaching/forming the interdigital elec-
trodes can be expected even when the average tile angle ¢,,of
the flattening film surface is within the range of 1.5-2.5
degrees. It is preferable, however, for the average tile angle
s to satisfy ¢,,=1.5 degrees (within the confirmed range)
for securely forming the electrodes.

[0086] For the above-described flattening film 5, the one
with the extremely small refractive index anisotropy An, e.g.
the one with An=0.001, was used. For the refractive index
anisotropy An, the smaller, the better.
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[0087] By providing the flattening film 5 on the uneven
reflective plate 99 in this manner, the interdigital electrode
can be formed. In addition, by setting the surface that is in
contact with the liquid crystal layer 3 of the reflective area H
to be flat or close to flat, it becomes possible to obtain such an
advantage that the rotation drive within the plane of the liquid
crystal by the in-plane switching drive can be further stabi-
lized at the same time.

[0088] Next, there will be described formation of the liquid
crystal layers of the reflective part (reflective area) H and the
transmissive part (transmissive area) T, in the case where the
above-described uneven reflective plate 99 is applied to a
transflective liquid crystal display apparatus.

[0089] Whenitis assumed that the average tilt angle (¢,,) in
the uneven part of the uneven reflective plate 99 is 6 degrees
and the pitch of the uneven parts is 20 um, the difference in
heights between the uneven parts is about 1 um. The pitch of
the uneven parts is the distance between the vertex of the
convex part of the uneven reflective plate 99 and the vertex of
the neighboring convex part. The difference in heights
between the uneven parts is the difference between the vertex
of the convex part and the vertex of the neighboring concave
part on each surface of the uneven reflective plate 99 or the
flattening film 5 in terms of the heights (see FIG. 2).

[0090] The shape of the above-described uneven reflective
plate 99 is formed in accordance with the surface shape of a
base uneven film 4 (referred to as “uneven OC 4” hereinafter)
as an organic film provided thereunder. When the lowest point
of the uneven OC 4 surface reaches to the lower substrate 1,
there is generated a flat part in the uneven reflective plate 99.
Thus, the proportion of the incident light reflected regularly
from the uneven reflective plate 99 becomes increased.
Therefore, the reflection property is deteriorated.

[0091] Inorder to avoid this, when the distance (a) between
the lowest point of the surface of the uneven OC 4 and the
lower substrate 1 is set as 1.5 pm (see FIG. 6A), for example,
by considering the dispersions in providing the difference in
heights, the average film thickness () of the base uneven film
(uneven OC 4) after forming the uneven reflective plate 99
becomes about 2.0 um as shown in FIG. 6A.

[0092] Inthis case, since it is necessary to form the flatten-
ing film 5 with the thickness of 2.5 um on the uneven reflec-
tive plate 99 for forming the interdigital electrode with the
width of 1.5 um, the film thickness (y) after forming the
flattening film 5 becomes 4.5 um. This film thickness
becomes the difference in heights between the reflective part
H and the transmissive part T in the pixel (see FIG. 6A).
[0093] Assuming now that a liquid crystal material with
An=0.07 is used. Then, thickness of the liquid crystal layer 3
of the reflective part H having And of 137.5 nm (A/4) becomes
about 2 um.

[0094] When this value is employed for the thickness of the
liquid crystal layer 3 of the reflective part H described above,
the liquid crystal layer 3 of the transmissive part T becomes
6.5 um, including the difference in heights between the reflec-
tive part H and the transmissive part T. Thus, the thickness of
the liquid crystal layer 3 corresponds to And=455 nm, which
is larger than And=275 of the liquid crystal layer of a A/2
plate.

[0095] That is, as shown in FIG. 6B, the intensity of trans-
mission light is proportional to sin*(tAnd/A), so that when
And of the liquid crystal layer 3 of the transmissive part T is
shifted from a proper value, the intensity of transmission light
becomes small, thereby deteriorating the contrast.
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[0096] Thus, by continuously forming the flattening film 5
provided on the uneven reflective plate 99 also on the trans-
missive part T, the difference in heights between the reflective
part H and the transmissive part T becomes 2 um, the liquid
crystal layer 3 of the transmissive part T becomes 4 um, and
And becomes 280 nm. With this, the thickness of the liquid
crystal layer 3 of the transmissive part T becomes almost the
optimum value (see FIG. 7).

[0097] When the difference in heights on the surface of the
flattening film 5 on the uneven reflective plate 99 is to be
eliminated completely, the thickness of the flattening film 5
becomes extremely thicker than the average film thickness
(p) of the uneven OC 4. Thus, the difference in heights
between the reflective part H and the transmissive part T
becomes still smaller than the proper value, by applying the
flattening film 5 on the transmissive part T. Alternatively, it is
possible that there is no difference in heights formed thereon.
[0098] In such a case, it is possible to obtain a proper
difference in heights by eliminating the flattening film 5 ofthe
transmissive part T by the use of half-exposure. However, it is
not preferable in terms of the manufacturing efficiency, since
a step therefor needs to be added.

[0099] Thus, it is not essential for the surface of the flatten-
ing film 5 to be completely flat, as long as a proper difference
can be obtained between the heights of the transmissive part
T and the reflective part H. For example, when the width of the
interdigital electrode is 3 um, there may be formed difference
in heights of uneven parts with an average tilt angle (¢,,) of
2.5 degrees on the surface. Meanwhile, when the width of the
interdigital electrode is 1.5 pm, there may be formed differ-
ence in heights of uneven parts with an average tilt angle (¢,,)
of 1.5 degrees or less on the surface.

[0100] Ithas already been described to form the flattening
film 5 uniformly on the transmissive part T and the reflective
part H so as to provide the difference in heights between the
transmissive part and the reflective part H. In that case, the
flattening film 5 is additionally applied to the transmissive
part T, compared to the conventional case described above. In
the structure of FIG. 7, when An of the flattening film 5 is 0.1,
And of the transmissive part T is changed by 250 nm because
“2500%x0.1=250". When this And is shifted from a proper
value, the intensity of the transmission light becomes weak,
as shown in FIG. 6B. However, if An of the flattening film 5 1s
extremely small (for example, about 0.001), the change in
And can be suppressed to 2.5 nm. Thus, there is almost no
change generated in the intensity of the transmission light, so
that deterioration in the contrast can be avoided. Therefore, it
is better for An of the flattening film 5 to be smaller.

Another Embodiment
[0101] FIG. 8-FIG. 9 illustrate another embodiment.
[0102] This embodiment illustrates the case where the

uneven reflective plate 99 and the flattening film 5 associated
therewith according to the above-described embodiment are
applied to an FFS mode liquid crystal display apparatus.
[0103] As shown in FIG. 8-FIG. 9, the FFS mode liquid
crystal display apparatus is peculiar in respect that an uneven
reflective plate 99H formed equivalently with the above-de-
scribed uneven reflective plate 99 is also used as a reflective
part common electrode 56A (i.e. common electrode 56), and
a transmissive part common electrode 56B is loaded closely
to the base substrate 1 described above.

[0104] That is, the common electrode and the pixel elec-
trode are not mounted on the same layer in the FFS mode
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liquid crystal display apparatus. In any cases, the transmissive
part common electrode 56B and the uneven reflective plate
99H that also functions as the reflective part common elec-
trode 56A are provided, respectively, on the base substrate 1
side through the flattening film 5 as shown in FIG. 8 and
FIGS.9A, 9B. Other structures and the effects are the same as
those of the above-described embodiment.
[0105] In this way, it is also possible to obtain a liquid
crystal display apparatus that functions as the one obtained in
the case of the embodiment described by referring to FIG.
1-FIG. 7.
[0106] With each of the embodiment as described above,
the followings can be found as a result of trying out the
various kinds of experiments as described above.
[0107] Thatis, in atransflective liquid crystal display appa-
ratus where both the transmissive part (transmissive area) T
and the reflective part (reflective area) H employ the in-plane
switching drive, it becomes possible to diffusely reflect the
light from the direction at the incident angle of 30 degrees in
wide view angles in the directions at the exit angles of 0-10
degrees, through setting the tilt angle of the uneven reflective
plate 99 or 99H at 3-12 degrees (preferably 6-9 degrees).
Further, the flattening film 5 is provided on the uneven reflec-
tive plate 99 or 99H to make the top face of the layer on which
the electrodes are formed to be flat or close to flat, so that the
driving electrodes can be stably attached/formed. With this,
the stable operation and the improved durability of the entire
apparatus can be achieved.
[0108] Further, since the flattening film 5 is provided not
only on the reflective part (reflective area) H but also on the
transmissive part (transmissive area) T, And of the liquid
crystal layer 3 of the reflective part H and that of the trans-
missive part T can be set as A/4 and A/2, respectively. With
this, adverse influences for the display, which are generated
by the differences in the optical properties of the transmissive
part T and the reflective part H, can be eliminated effectively
in advance.

[0109] In short, the above-described embodiments can

achieve the followings.

[0110] 1) In a transflective liquid crystal display apparatus
where both the transmissive part and the reflective part
employ the in-plane switching drive, the average tilt angle
of the uneven part of the uneven reflective plate 99, 99H is
set at 6-9 degrees. Therefore, it becomes possible to dif-
fusely reflect the light from the direction at the incident
angle of 30 degrees in the direction at the exit angles of
0-10 degrees.

[0111] 2) The flattening film 5 is provided on the uneven
reflective plate 99, 99H to make the top face of the layer on
which the electrodes are formed to be flat or close to flat.
Therefore, the electrodes can be stably formed.
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[0112] 3) Further, since the flattening film is provided also
on the transmissive part, And of the liquid crystal layer of
the reflective part and that of the transmissive part can be
set as A/4 and A/2, respectively. As a result, it becomes
possible to provide a transflective liquid crystal display
apparatus that is highly reliable and stable in operation in
this respect.

[0113] The above-described structure is not applied limit-

edly to the optical layout and the drive method of the above-

described liquid crystal display apparatuses. It can be applied
generally to the transflective liquid crystal display appara-
tuses that employ the in-plane switching drive.

What is claimed is:

1. A transflactive liquid crystal display apparatus, compris-
ing: a reflective area and a transmissive area; an uneven
reflective plate provided in the reflective area and electrically
connected to common electrodes; a flattening film laminated
on the uneven reflective plate; and pixel electrodes arranged
on the flattening film, wherein

the uneven reflective plate comprises a diffusive reflecting
function that diffusely reflects light making incident at
an incident angle of 30 degrees towards directions at exit
angles of 0-10 degrees, and

asurface of the flattening film is set to be substantially flat.

2. The transflective liquid crystal display apparatus as
claimed in claim I, wherein an average tilt angle of the uneven
reflective plate is set as 3-12 degrees, and an average tilt angle
of the surface or the flattening film is set to a value not
exceeding a range of 3-5 degrees.

3. The transflective liquid crystal display apparatus as
claimed in claim 1, wherein an average tilt angle of the uneven
reflective plate is set as 6-9 degrees, and an average tilt angle
of the surface of the flattening film is set to a value not
exceeding a range of 3-5 degrees.

4. The transflective liquid crystal display apparatus as
claimed in claim I, wherein the uneven reflective plate has a
difference of 0.6 um or more in heights of uneven parts, and
a difference in heights on the surface of tile flattening film is
0.4 um or less.

5. A transflective liquid crystal display apparatus as
claimed in claim 1, wherein:

And of a liquid crystal layer of the reflective area is set as
about A/4, and And of a liquid crystal layer of the trans-
missive area is set as about A/2; and

the flattening film is formed uniformly from the reflective
area to the transmissive area continuously.

6. A transflective liquid crystal display apparatus as

claimed in claim 1, wherein reflective index anisotropy An of

the flattening film is set as 0.001 or less.

* 0ok ok kK
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