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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING LIQUID CRYSTAL
DISPLAY

RELATED APPLICATION DATA

[0001] This application claims priority to Japanese Priority
Patent Application JP 2010-087658, filed in the Japan Patent
Office on Apr. 6, 2010, and Japanese Priority Patent Applica-
tion JP 2011-038640, filed in the Japan Patent Office on Feb.
24, 2011, the entire contents of both of which are hereby
incorporated by reference to the extent permitted by law.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play using, for example, liquid crystal of a VA mode, and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] In recent years, for example, a VA (vertical align-
ment) mode is used in liquid crystal display (LCD) devices. In
the liquid crystal displays, a liquid crystal layer having the
refractive index anisotropy is sealed between a substrate
including a pixel electrode and a substrate including an oppo-
site electrode, and a voltage is applied to the liquid crystal
layer to change an axis of the refractive index anisotropy,
thereby controlling the transmittance of light passing through
the liquid crystal layer. In this manner, the liquid crystal
display is a display device utilizing electrical stimulation for
optical switching.

[0006] The liquid crystal display of the VA mode has such
characteristics that the liquid crystal layer has the negative
dielectric anisotropy, that is, in a liquid crystal molecule, the
dielectric constant in a long axis direction is smaller than that
in a short axis direction. Thereby, in the liquid crystal layer,
the long axis direction of the liquid crystal molecule is aligned
along the direction substantially vertical to a substrate surface
when no voltage is applied thereto (an off state), and the liquid
crystal molecule is aligned to tilt (incline) according to the
magnitude of the voltage when the voltage is applied thereto
(an on state).

[0007] However, when the voltage is applied to the liquid
crystal layer in the no-voltage application state, the liquid
crystal molecule aligned substantially vertical to the substrate
surface tilts, but the tilting direction is arbitrary. Thus, the
alignment of the liquid crystal molecules is disordered, and
such adverse effects are generated that the response to the
voltage is delayed, it is difficult to obtain a desired transmit-
tance, or the like.

[0008] Thus, various proposals have been made so far as
methods of controlling the alignment of the liquid crystal
molecules when the liquid crystal molecules respond to the
voltage. For example, an MVA (multi-domain vertical align-
ment) method, a PVA (patterned vertical alignment) method,
or a method using an optical alignment film (for example, see
Japanese Unexamined Patent Publication No. Hei-5-232473)
has been proposed. In the PVA method, by using a slitand rib
(projection), a high viewing angle is realized while the align-
ment is controlled. Recently, in addition to these methods, a
structure in which a plurality of fine slits are provided in a
pixel electrode, and an opposite electrode is formed as a solid
electrode without slits (a so-called fine slit structure) has been
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proposed (for example, see Japanese Unexamined Patent
Publication No. 2002-357830).

SUMMARY OF THE INVENTION

[0009] However, in the above-described methods, it is pos-
sible to improve the voltage response characteristics, but the
voltage is not applied to a portion corresponding to the slit in
the liquid crystal layer (immediately above the slit), and it is
difficult to align the liquid crystal molecules (unlikely to tilt).
Therefore, dark lines (a portion where the amount of light
transmission is locally small) are generated corresponding to
the position of the slit, and there is an issue that it is difficult
to obtain the high transmittance.

[0010] Inview of the foregoing, it is desirable to provide a
liquid crystal display capable of realizing a high transmit-
tance while maintaining favorable voltage response charac-
teristics, and a method of manufacturing the same.

[0011] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display including: a
liquid crystal layer; a first substrate and a second substrate
arranged to face each other with the liquid crystal layer in
between,; a plurality of pixel electrodes provided on a liquid
crystal layer side of the first substrate; and an opposite elec-
trode provided on the second substrate to face the plurality of
pixel electrodes. One or both of a face on the liquid crystal
layer side of the pixel electrode, and a face on the liquid
crystal layer side of the opposite electrode includes a con-
cavo-convex structure.

[0012] According to an embodiment of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display including the steps of: forming a plurality of
pixel electrodes on a first substrate; forming an opposite
electrode on a second substrate; sealing a liquid crystal layer
by the pixel electrode and the opposite electrode facing each
other between the first substrate and the second substrate; and
providing a pre-tilt to the liquid crystal layer by exposing the
liquid crystal layer while applying a voltage onto the liquid
crystal layer through the pixel electrode and the opposite
electrode. A concavo-convex structure is formed on one or
both of a face on a liquid crystal layer side of the pixel
electrode, and a face on the liquid crystal layer side of the
opposite electrode.

[0013] In the liquid crystal display and the method of
manufacturing the liquid crystal display according to the
embodiments of the present invention, the concavo-convex
structure is provided on one or both of the face on the liquid
crystal layer side of the pixel electrode, and the face on the
liquid crystal layer side of the opposite electrode. Thus, in the
liquid crystal layer when a voltage is applied thereto, distor-
tion of an electric field (lateral electric field) is generated due
to height difference (step) between a concave face and a
convex face in the concavo-convex structure. Meanwhile,
there is no notched portion in the electrode, such as a slit, so
a region to which the voltage is not applied in the liquid
crystal layer is eliminated, and alignment of liquid crystal
molecules is suppressed from being insufficient in a local
region.

[0014] According to the liquid crystal display and the
method of manufacturing the liquid crystal display of the
embodiments of the present invention, the concavo-convex
structure is provided on one or both of the face on the liquid
crystal layer side of the pixel electrode, and the face on the
liquid crystal layer side of the opposite electrode. Thus, when
the voltage is applied to the liquid crystal layer, the distortion
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ofthe electric field is generated in the liquid crystal layer, and
it is thereby possible to efficiently provide a pre-tilt. Mean-
while, because the alignment of the liquid crystal molecules
may be suppressed from being insufficient in the local region,
the result is that reduction of transmittance may be sup-
pressed. Therefore, it is possible to realize high transmittance
while favorable voltage response characteristics are main-
tained.

[0015] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRABLADE
SECTIONS

[0016] The file of this application and/or patent contains at
least one drawing executed in color. Copies of this patent with
color drawing(s) will be provided by the Patent and Trade-
mark Office upon request and payment of the necessary fee.
[0017] FIG. 1 is a block diagram illustrating the overall
configuration of a liquid crystal display according to an
embodiment of the present invention.

[0018] FIG. 2is a cross-sectional view illustrating a partial
region of a pixel illustrated in FIG. 1.

[0019] FIGS. 3A to 3C are plan views and an enlarged
cross-sectional view of a pixel electrode illustrated in FIG. 2
[0020] FIGS. 4A and 4B are plan views illustrating another
structure of the pixel electrode.

[0021] FIGS. 5A to 5E are plan views illustrating another
structure of the pixel electrode.

[0022] FIGS. 6A and 6B are plan views illustrating another
structure of the pixel electrode.

[0023] FIG. 7is a schematic view for explaining a tilt angle
of a liquid crystal molecule.

[0024] FIGS. 8A to 8C are cross-sectional views for
explaining a method of manufacturing of the liquid crystal
display (a step of forming the pixel electrode) illustrated in
FIG. 1.

[0025] FIGS. 9A and 9B are cross-sectional schematic
views for explaining a step (a step of providing a pre-tilt)
subsequent to FIGS. 8A to 8C.

[0026] FIG. 10 is a cross-sectional view illustrating a par-
tial region of a pixel in a liquid crystal display according to a
comparative example.

[0027] FIG. 11 is a plan view and a cross-sectional view
schematically illustrating the alignment state of liquid crystal
molecules in the vicinity of an electrode in the comparative
example.

[0028] FIG. 12 is a plan view and a cross-sectional view
schematically illustrating the alignment state of the liquid
crystal molecules in the vicinity of the electrode in the
embodiment.

[0029] FIG. 13 is a characteristics view illustrating an elec-
tric field distribution (equalpotential distribution) in the
embodiment.

[0030] FIG. 14 is a characteristic view illustrating an elec-
tric field distribution (equalpotential distribution) in the com-
parative example.

[0031] FIGS. 15A and 15B are characteristic views illus-
trating the relation between a voltage and a response time, and
a characteristic view illustrating the relation between the volt-
age and the transmittance.

[0032] FIGS.16A and 16B are plan views illustrating mea-
surement results of the transmittance distribution.
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[0033] FIG. 17 is a cross-sectional view illustrating the
partial region of the pixel in the liquid crystal display panel
according to Modification 1.

[0034] FIGS. 18A to 18C are cross-sectional views for
explaining a formation process of the pixel electrode illus-
trated in FIG. 17.

[0035] FIGS. 19A to 19C are cross-sectional views for
explaining the formation process of the pixel electrode
according to Modification 2.

[0036] FIG. 20 is a cross-sectional view illustrating the
partial region of the pixel in the liquid crystal display panel
according to Modification 3.

[0037] FIG. 21 is a plan view illustrating the measurement
results of the transmittance distribution of the liquid crystal
display panel illustrated in FIG. 20.

[0038] FIG. 22 is a cross-sectional view illustrating the
partial region of the pixel in the liquid crystal display panel
according to Modification 4.

[0039] FIG. 23 is a cross-sectional view for explaining a
concavo-convex structure according to Modification 5-1.
[0040] FIGS. 24A and 24B are cross-sectional views for
explaining the concavo-convex structure according to Modi-
fication 5-2.

[0041] FIG. 25 is a cross-sectional view for explaining the
concavo-convex structure according to Modification 5-3.
[0042] FIG. 26 is a cross-sectional view for explaining the
concavo-convex structure according to Modification 5-4.
[0043] FIG. 27 is a cross-sectional view for explaining the
concavo-convex structure according to Modification 5-5.
[0044] FIGS. 28A and 28B are a perspective view and a
plan view for explaining the pixel electrode (the structure of
an end portion of the electrode) according to Modification 6.
[0045] FIG. 29 is a perspective view illustrating the struc-
ture of a sample having the fine-slit structure.

[0046] FIG. 30 is a characteristic view illustrating the rela-
tion between a voltage and the transmittance of the sample
using the pixel electrode illustrated in FIGS. 28A and 28B.
[0047] FIG. 31 is a characteristic view illustrating the rela-
tion between the voltage and the tilt angle of the sample using
the pixel electrode illustrated in FIGS. 28 A and 28B.

[0048] FIG. 32 is a characteristic view illustrating the rela-
tion between the voltage and the response speed of the sample
using the pixel electrode illustrated in FIGS. 28A and 28B.
[0049] FIGS. 33A to 33C are simulation results illustrating
the inclination of the liquid crystal molecules when the liquid
crystal molecules respond to the voltage.

[0050] FIGS.34A and 34B are schematic views illustrating
the alignment state of the liquid crystal molecules in the
vicinity of the electrode.

[0051] FIGS. 35A to 35D are schematic views for explain-
ing the alignment state in the case of the fine-slit structure.
[0052] FIGS. 36A and 36B are a perspective view and a
plan view for explaining another structure example of the
pixel electrode illustrated in FIGS. 28A and 28B.

[0053] FIG. 37 is a characteristic view illustrating the rela-
tion between the height of a step (nm) and the transmittance
according to a first example.

[0054] FIG. 38 is a cross-sectional view for explaining the
scale of the concavo-convex structure according to a second
example.

[0055] FIG. 39 is a characteristic view illustrating the rela-
tion between a width and the transmittance of a convex face
according to the second example.



US 2011/0317104 Al

[0056] FIG. 40 is a cross-sectional view for explaining the
scale of the concavo-convex structure according to a third
example.

[0057] FIG. 41 is a characteristic view illustrating the rela-
tion between the step and the transmittance of the convex face
according to the third example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0058] An embodiment of the present invention will be
hereinafter described in detail with reference to the drawings.
In addition, description will be given in the following order.
[0059] 1. Embodiment (example in which a concavo-con-
vex structure is provided on a surface of a pixel electrode, and
a rear surface is flat)

[0060] 2. Modification 1 (example in which the concavo-
convex structure is provided on a foundation layer (a planariz-
ing film) of the pixel electrode)

[0061] 3. Modification 2 (example in which the concavo-
convex structure of the pixel electrode is formed in a two-step
process)

[0062] 4. Modification 3 (example in which the concavo-
convex structure of the pixel electrode has a taper)

[0063] 5. Modification 4 (example in which the concavo-
convex structure of the pixel electrode has a reverse taper)
[0064] 6. Modifications 5-1 to 5-5 (detailed structure
example of the case in which the concavo-convex structure is
provided in the foundation layer of the pixel electrode)
[0065] 7. Modification 6 (structure example of an end por-
tion of the pixel electrode)

[0066] 8. Examples

[0067] First example (measurement results of the transmit-
tance in the case where a height of step of the concavo-convex
structure is varied)

[0068] Second example (measurement results of the trans-
mittance in the case where a width of a top face is varied in
Modification 3)

[0069] Third example (measurement results of the trans-
mittance in the case where the height of the step is varied in
Modification 3)

[0070] 1.Embodiment
[0071] Configuration of a Liquid Crystal Display 1
[0072] FIG. 1 illustrates the overall configuration of a lig-

uid crystal display (a liquid crystal display 1) according to an
embodiment of the present invention. The liquid crystal dis-
play 1 includes, for example, a liquid crystal display panel 2,
a backlight 3, a data driver 51, a gate driver 52, a timing
controlling section 61, and a backlight driving section 62, and
displays a picture based on an external input signal Din.
[0073] The backlight 3 is a light source irradiating light to
the liquid crystal display panel 2, and is disposed on the back
side of the liquid crystal display panel 2 (on a face on a side of
a polarizing plate 19 which will be described later). The
backlight 3 includes, for example, an LED (light emitting
diode), a CCFL (cold cathode fluorescent lamp), or the like.
The backlight driving section 62 controls lighting operation
(light emitting operation) of the backlight 3.

[0074] The timing controlling section 61 controls the drive
timing of the gate driver 52, the data driver 51, and the
backlight driving section 62, and supplies a picture signal
based on the external input signal Din to the data driver 51.
[0075] The gate driver 52 drives each pixel 10 in the liquid
crystal display panel 2 in accordance with timing control by
the timing controlling section 61. The data driver 51 performs
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a D/A conversion on the picture signal (the picture signal
based on the external input signal Din) supplied from the
timing controlling section 61, and outputs the picture signal,
which has been subjected to the D/A conversion, to each pixel
10 of the liquid crystal display panel 2.

[0076] The liquid crystal display panel 2 modulates light
emitted from the backlight 3 based on the drive signal sup-
plied from the gate driver 52, and the picture signal supplied
from the data driver 51. The liquid crystal display panel 2
includes the plurality of pixels 10 disposed in matrix as a
whole.

[0077] FIG. 2 illustrates the cross-sectional structure of the
liquid crystal display panel 2. However, FIG. 2 illustrates only
a partial region of the pixel 10. In the liquid crystal display
panel 2, a liquid crystal layer 15 is sandwiched between a
drive substrate 11 and a facing substrate 18, and the polarizing
plate 19 and a polarizing plate 20 are bonded onto outer faces
of the drive substrate 11 and the facing substrate 18, respec-
tively. A planarizing film 12 is formed on the drive substrate
11 so as to cover the surface of the drive substrate 11. A pixel
electrode 13 is disposed for each pixel 10 on the planarizing
film 12, and an alignment film 14 is formed to cover the
surface of the pixel electrode 13. On a face on the liquid
crystal layer 15 side of the facing substrate 18, an opposite
electrode 17 is disposed over the whole surface of an effective
display area, and an alignment film 16 is formed to cover the
surface of the opposite electrode 17.

[0078] In the drive substrate 11, a drive circuit driving the
pixel 10, for example, the gate driver 52, the data driver 51,
the timing controlling section 61, the backlight driving sec-
tion 62, and the like described above are disposed on a glass
substrate. Above the drive substrate 11, wirings such as a gate
line and a source line to which each drive signal from the gate
driver 52 and the data driver 51 is transmitted, a TFT (thin film
transistor) (both of them are not illustrated in the figure), and
the like are connected to each pixel electrode 13.

[0079] The planarizing film 12 is an overcoat film planariz-
ing the surface of the drive substrate 11 above which the drive
circuit, the wirings, and the like described above are disposed.
The planarizing film 12 is an insulating film formed of an
organic film of a thermoset resin or a photoreactive resin, and
has, for example, a thickness of 1 pm to 10 um both inclusive.
Instead of the planarizing film 12 formed of the organic film,
for example, an inorganic insulating film such as a silicon
oxide film (Si0,), a silicon nitride film (SiN), or a silicon
oxide nitride film (SiON) may be provided.

[0080] (Structure of Pixel Electrode)

[0081] The pixel electrode 13 is, for example, formed of a
transparent conductive film of ITO (indium tin oxide), IZO,
or the like and has a concavo-convex structure on its surface
(surface on the liquid crystal layer 15 side). In this embodi-
ment, the concavo-convex structure includes a concave face
134 and a convex face 135 alternately aligned along the
direction parallel to a substrate surface, and a step portion
between the concave face 13a and the convex face 135 is a
vertical face 13¢ vertical to the substrate surface. In addition,
in the pixel electrode 13, only the face on the liquid crystal
layer 15 side has the concavo-convex structure, and the face
on the planarizing film 12 side is flat.

[0082] FIG. 3A schematically illustrates an example of the
planar structure of the pixel electrode 13. In this manner, for
example, the concavo-convex structure provided in the pixel
electrode 13 is formed in a predetermined pattern (concavo-
convex pattern). That is, the concave faces 13a are provided to
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extend along a plurality of directions (here, four directions Al
to Ad4) within an electrode plane, and portions other than the
concave faces 13a are the convex faces 13B. By such a con-
cavo-convex pattern, regions having different alignment
directions are formed (alignment is split) in the pixel 10, so
the viewing angle characteristics are improved.

[0083] FIG. 3B illustrates part of the cross-sectional struc-
ture of the pixel electrode 13 in an enlarged manner. A width
S of the concave face 13a is, for example, preferably 1 um to
20 um both inclusive, and a width L (=a gap (pitch) between
the concave faces 13a) of the convex face 135 extending in the
same direction as the concave face 13a is, for example, pref-
erably 1 um to 20 pm both inclusive. If the widths L and S are
smaller than 1 pm, it is difficult to form the pixel electrode 13,
and it is difficult to ensure the sufficient yield. Meanwhile, if
the widths S and L are larger than 20 pum, when a drive voltage
is applied, the favorable oblique electric field is unlikely to be
generated between the pixel electrode 13 and the opposite
electrode 17, and the alignment of the liquid crystal mol-
ecules as a whole is likely to be slightly disordered. In par-
ticular, more preferably, the width S is 2 pm to 10 pm both
inclusive, and the width L is 2 pum to 10 pm both inclusive.
Thereby, the sufficient yield is ensured, and the alignment of
the liquid crystal molecules when the drive voltage is applied
thereto becomes favorable.

[0084] A distance (a thickness Ta) from the concave face
13a to the rear surface of the pixel electrode 13 is, for
example, preferably 50 nm to 250 nm both inclusive, and a
distance (a thickness Tb) from the convex face 135 to the rear
surface of the pixel electrode 13 is, for example, preferably
100 nm to 300 nm both inclusive. Although detail will be
described later, the transmittance of the liquid crystal layer 15
when the voltage is applied thereto is varied according to the
height of the step (difference between the thicknesses Ta and
Tb) between the concave face 13a and the convex face 135.
However, the difference in step is preferably 50 nm or more.
Thereby, it is possible to favorably control the alignment,
ensure the sufficient yield, and prevent reduction of the trans-
mittance and prolongation of the process time.

[0085] (Another Concavo-Convex Pattern Example in the
Pixel Electrode)

[0086] The concavo-convex pattern is not limited to the
pattern in which the concave faces 13a extend along the four
directions, but various patterns, for example, a stripe shape
and a V-shape may be adopted. In addition, the width S and
the number of the concave faces 13a, and the width L and the
number of the convex faces 135 may be arbitrarily set.
[0087] The plane shapes of the concave face 13a and the
convex face 135 may be set, for example, as will be described
next. For example, as illustrated in FIG. 4A, such a structure
(hereinafter, referred to as a right-angle structure) may be
adopted that an outer end portion E1 of a concave face 13al
and a convex face 1341 in an edge portion EE of the pixel
electrode 13 is cut along the direction orthogonal to the
extending direction of the concave face 1341 and the convex
face 1361 (here, the direction A4). Here, as illustrated in FIG.
3C, for example, in the case of the structure in which an outer
end portion E0 in the edge portion EE is obliquely cut along
each side of a rectangular shape of the pixel electrode 13, the
liquid crystal molecules in the vicinity of the outer end por-
tion E0 tilt in the direction of arrow (thick line), and there is a
risk that this inhibits the alignment control. Thus, as illus-
trated in FIG. 4B, if the outer end portion E1 has the above-
described right-angle structure, the liquid crystal molecules
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in the vicinity of the end portion E1 are likely to tilt along the
direction A4, and the alignment is easily controlled.

[0088] Alternatively, the planar structures as illustrated in
FIGS. 5A to SE may be adopted. FIGS. 5A and 5B illustrate
the planar structure of the pixel electrodes as a whole, FIG. 5C
illustrates part of the pixel electrodes, and FIG. 5D illustrates
one concave face in enlarged manner. As illustrated in FIGS.
5A and 5B, in an edge portion of the pixel electrode 13, the
structure in which convex faces 1352 are connected to each
other, and the structure in which convex faces 1343 are con-
nected to each other may be adopted. In the other way around,
although it is not illustrated in the figure, in the edge portion,
concave faces 1342 may be connected to each other, and
concave faces 13a3 may be connected to each other.

[0089] Asillustrated in FIG. 5C, the right-angle structure in
which an inner end portion E2 (a portion corresponding to a
region EC in FIG. 3A) of a concave face 1344 is cut along the
direction orthogonal to the extending direction of the concave
face 13a4 (here, the direction A1) like the above-described
outer end portion E1 may be adopted. In addition, both the
outer end portion E1 and the inner end portion E2 of the
concave face 13a4 may have the right-angle structure.
[0090] Further, instead of the above-described right-angle
structure, for example, as illustrated in FIG. 5D, an outer end
portion E3 of each convex face 1365 may have a roundly-
formed R-shape. Thereby, as illustrated with arrows of FIG.
5D, it is possible to align the liquid crystal molecules in the
arbitrary directions. Alternatively, for example, as illustrated
in FIG. 5E, an outer end portion E4 may have a polygonal
shape without being limited to the R-shape. Although it is not
illustrated in the figure, one or both of the outer end portion
and the inner end portion of each concave face may have the
R-shape or the polygonal shape described above.

[0091] Although the description has been given with the
example of the pixel electrode structure (the structure in
which the alignment is split in the four regions) in which the
concave faces and the convex faces are provided to extend
along the four directions A1 to A4, the extending directions of
the concave faces and the convex faces are not limited to
these. For example, as illustrated in FIG. 6A, the structure
(the structure in which the alignment is split in two regions) in
which concave faces 1347 are provided to extend along two
directions AS and A6 within the electrode plane, and portions
other than the concave faces 13a7 are convex faces 1357 may
be adopted. Further, as illustrated in FIG. 6B, the structure in
which convex faces 1358 are connected to each other in the
edge portion of the pixel electrode may be adopted. In the case
of such two-divided region structures, optical axes of the
polarizing plates 19 and 20 are shifted at 45° from those of a
four-divided region structure.

[0092] The facing substrate 18 includes, for example, a
color filter (not illustrated in the figure) formed by aligning
red (R), green (G), and blue (B) filters on the surface of the
glass substrate (a face on the opposite electrode 17 side or a
face on the polarizing plate 20 side). However, the color filter
may be provided on the facing substrate 18, or may be pro-
vided on the drive substrate 11 (a COA (color filter on array)
structure may be adopted).

[0093] Theoppositeelectrode 17 is, for example, formed of
a transparent conductive film of ITO or the like, and is pro-
vided (to face all the pixel electrodes 13) as a common elec-
trode for each pixel 10. Here, the face on the liquid crystal
layer 15 side of the opposite electrode 17 is a flat face without
aslit, a gap, and the like. However, it is enough if the opposite
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electrode 17 is an electrode without a notched portion such as
the gap and the slit, and, for example, the face on the liquid
crystal layer 15 side may be a concavo-convex face, or may be
provided with a step.

[0094] The alignment films 14 and 16 are, for example,
vertically alignment films, and align the liquid crystal mol-
ecules (for detailed description, the liquid crystal molecules
in the vicinity of the alignment films 14 and 16) in the liquid
crystal layer 15 so that the long-axis directions (directors) of
those liquid crystal molecules are in the direction approxi-
mately vertical to the substrate surface. As the alignment
films 14 and 16, for example, a vertically aligning agent such
as polyimide and polysiloxane is used.

[0095] The liquid crystal layer 15 includes the vertical
alignment type liquid crystal molecules. In the liquid crystal
layer 15, for example, the liquid crystal molecules has a shape
symmetrically rotatable around the long axis and the short
axis, and exhibits the negative dielectric constant anisotropy
(characteristics in which the dielectric constant in the long
axis direction is smaller than that of the short axis direction).
[0096] Asillustratedin FIG. 7, in the liquid crystal layer 15,
the liquid crystal molecule (a liquid crystal molecule 15a) in
the vicinity of the interface of the alignment film 14 and the
liquid crystal layer 15, or the interface of the alignment film
16 and the liquid crystal layer 15 is aligned so that a long axis
direction D1 is substantially vertical to the substrate surface
by control from the alignment films 14 and 16, and the liquid
crystal molecule is held to slightly tilt from the vertical direc-
tion. That is, a so-called pre-tilt is provided to the liquid
crystal molecule in the vicinity of the interface of the align-
ment film 14 and the liquid crystal layer 15, or the interface of
the alignment film 16 and the liquid crystal layer 15, an
inclination angle (a tilt angle) 6 from the vertical direction of
the liquid crystal molecule 15a is, for example, approxi-
mately 1° to 4° both inclusive. As the tilt angle 0 is large, the
rise response speed is fast, but the black luminance when no
voltage is applied is reduced, so the contrast is deteriorated.
Such a pre-tilt is held by polymers in the vicinity of the
interface of the alignment film 14 and the liquid crystal layer
15, and the interface of the alignment film 16 and the liquid
crystal layer 15, and the other liquid crystal molecules (for
example, the liquid crystal molecules in the vicinity of the
middle in the thickness direction of the liquid crystal layer 15)
are orientated in the same direction by following the align-
ment of the liquid crystal molecules in the vicinity of the
interfaces.

[0097] The polarizing plates 19 and 20 are arranged, for
example, to be in the cross-nichols state to each other. The
polarizing plates 19 and 20 shut off the light from the back-
light 3 when no voltage is applied (the oft-state), and trans-
mits the light when the voltage is applied (the on-state). That
is, the polarizing plates 19 and 20 are bonded onto the drive
substrate 11 and the facing substrate 18, respectively, so that
the liquid crystal is the normally black type.

[0098] Method of Manufacturing the Liquid Crystal Dis-
play 1

[0099] (1. Step of Sealing the Panel)

[0100] The liquid crystal display 1 is manufactured, for

example, as will be described next. That is, first, as illustrated
in FIG. 8A, the planarizing film 12 is, for example, formed to
cover the surface of the drive substrate 11 by a spin coat
method. In the case where the inorganic insulating film is
formed instead of the planarizing film 12, the silicon oxide
film described above or the like may be formed by, for
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example, a CVD method. After this, as illustrated in FIG. 8B,
for example, the pixel electrode 13 of ITO is formed over the
whole surface of the planarizing film 12 by, for example, an
evaporation method and a sputtering method. Next, as illus-
trated in FIG. 8C, selective regions (regions corresponding to
the concave faces 13a) of the pixel electrode 13 are removed
by, for example, half-etching by a photolithography, and the
concavo-convex structures each constituted of the concave
face 13a, the convex face 135, and the vertical face 13¢ are
thereby formed. Contactholes are provided in the planarizing
film 12, and the pixel electrodes 13 are electrically connected
to the drive circuit formed above the drive substrate 11
through the contact holes, respectively.

[0101] The vertically aligning agent is, for example,
applied by the spin coat method onto the surface of the pixel
electrode 13 formed in this manner, specifically, so asto cover
the concave face 13a, the convex face 135, and the vertical
face 13¢, and baked, thereby forming the alignment film 14.
[0102] Meanwhile, after the opposite electrode 17 is, for
example, formed by the evaporation method or the sputtering
method onto the surface of the facing substrate 18, the verti-
cally aligning agent is, for example, applied by the spin coat
method onto the surface of the opposite electrode 17, and
basked, thereby forming the alignment film 16.

[0103] After this, for example, a UV curing or thermoset
seal section is printed on a periphery region of the drive
substrate 11, and, for example, the liquid crystal layer 15 into
which UV curing monomers are mixed is instilled into a
region surrounded by the seal section. After this, for example,
the facing substrate 18 is stacked on the drive substrate 11
with a spacer of a photosensitive acryl resin in between, and
the seal section is cured. In this manner, a panel seal body in
which the liquid crystal layer 15 is sealed between the drive
substrate 11 and the facing substrate 18 is formed.

[0104] (2. Step of Providing a Pre-tilt)

[0105] Next, in the panel seal body formed as described
above, exposure (UV irradiation) is performed on the liquid
crystal layer 15 while the voltage is applied thereto, and the
pre-tilt is provided to the liquid crystal layer 15. Specifically,
as illustrated in FIG. 9A, a voltage V is applied to the liquid
crystal layer 15 through the opposite electrode 17 and the
pixel electrode 13.

[0106] By this voltage application, in the liquid crystal
layer 15, distortion of the electric field (lateral electric field) is
generated due to height difference (step) between the concave
face 13a and the convex face 135 formed on the surface of the
pixel electrode 13. Thereby, the liquid crystal molecules 15a
tilt in response to the concavo-convex pattern of the pixel
electrode 13. The UV irradiation is performed on the tilting
liquid crystal molecules 154, and the monomers mixed into
the liquid crystal layer 15 are thus cured in the vicinity of the
interface of the alignment film 14 and the liquid crystal layer
15, and the interface of the alignment film 16 and the liquid
crystal layer 15. After that, as illustrated in FIG. 9B, when the
liquid crystal layer 15 is in the no-voltage application state
again, the polymers formed in the vicinity of the interfaces
hold the liquid crystal molecules 15a which slightly tilt from
the vertical direction. In this manner, the pre-tilt angle 6 is
provided to the liquid crystal molecule 15a as illustrated in
FIG. 7.

[0107] After the pre-tilt is provided as described above, the
polarizing plate 19 is bonded onto the rear surface of the drive
substrate 11 of the panel seal body, and the polarizing plate 20
is bonded onto the surface of the opposite electrode 18, so the
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polarizing plates 19 and 20 are arranged to be in the cross-
nichols state to each other. Thereby, the liquid crystal display
1 illustrated in FIG. 1 is completed.

[0108] The method of providing the pre-tilt is not limited to
that described above, and it is enough if the method includes
a step of exposing the liquid crystal layer 15 while the voltage
is applied thereto, after at least the liquid crystal is sealed. For
example, the pre-tilt may be provided by using a special
alignment film which will be described next. That is, in a side
chain, an alignment film having a polymer including a group
for providing the pre-tilt, and a group (a photosensitive group)
for fixing the provided pre-tilt, an alignment film including a
photosensitive monomer, or the like may be used. Such a
special alignment film is formed on one or both of the drive
substrate 11 side and the facing substrate 18 side (however, in
the case where the special alignment film is formed only on
one of the drive substrate 11 side and the facing substrate 18
side, the vertically alignment film is formed on the other ofthe
drive substrate 11 side and the facing substrate 18 side), and
after the VA type liquid crystal containing no monomer is
sealed, the exposure is performed onto the liquid crystal layer
15 while the voltage is applied thereto. It is possible to pro-
vide the pre-tilt also by such a method.

[0109] Actions of the Liquid Crystal Display 1
[0110] (Picture Display Operation)
[0111] In the liquid crystal display 1, the drive voltage

based on the external input signal Din is applied between the
pixel electrode 13 and the opposite electrode 17, as will be
described below, and a picture is thereby displayed. Specifi-
cally, in response to the control from the timing controlling
section 61, the gate driver 52 sequentially supplies a scanning
signal to the gate line connected to each pixel 10, and the data
driver 51 supplies a picture signal based on the external input
signal Din to a predetermined source line. Thereby, the pixel
10 positioned in the intersection of the source line to which
the picture signal is supplied, and the gate line to which the
scanning signal is supplied is selected, and the drive voltage is
applied to that pixel 10.

[0112] In the selected pixel 10, when the drive voltage is
applied thereto, the alignment state of the liquid crystal mol-
ecules 15a included in the liquid crystal layer 15 is varied in
accordance with the voltage applied between the pixel elec-
trode 13 and the opposite electrode 17. Specifically, when the
drive voltage is applied from the no voltage application state,
the liquid crystal molecules 154 positioned in the vicinity of
the alignment films 14 and 16 tilt, and the liquid crystal
molecules 154 tilt sequentially toward the middle in the thick-
ness direction of the liquid crystal layer 15 by following the
operation of the liquid crystal molecules 15a positioned in the
vicinity of the alignment films 14 and 16. At this time, the tilt
angle is provided to the liquid crystal molecule 154, so the
liquid crystal molecule 15a easily tilts in its own tilt direction,
and the response speed to the drive voltage is thus shortened.
The result is that the optical characteristics in the liquid crys-
tal layer 15 are changed, and the light entering into the liquid
crystal panel 2 from the backlight 3 is modulated and emitted.
In the liquid crystal device 1, a picture is displayed in this
manner.

[0113] Here, a liquid crystal display according to a com-
parative example will be described. FIG. 10 illustrates part of
the cross-sectional structure of a pixel of the liquid crystal
display according to the comparative example. In the liquid
crystal display, a liquid crystal layer 105 is sandwiched
between a drive substrate 101 and a facing substrate 108, and
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an incidence-side polarizing plate 109 and an emission-side
polarizing plate 110 are bonded onto outer faces of the drive
substrate 101 and the facing substrate 108, respectively. A
pixel electrode 103 is disposed for each pixel above a face on
the liquid crystal layer 105 side of the drive substrate 101 with
a planarizing film 102 in between, and an alignment film 104
is formed to cover the surface of the pixel electrode 103. On
a face on the liquid crystal layer 105 side of the facing sub-
strate 108, an opposite electrode 107 is disposed over the
whole surface of an effective display area, and an alignment
film 106 is formed to cover the surface of the opposite elec-
trode 107. That is, in the liquid crystal display of the com-
parative example, a so-called fine-slit structure in which the
pixel electrode 103 includes a plurality of slits 103a is
employed.

[0114] FIG. 11 schematically illustrates the alignment state
of the liquid crystal molecules when the voltage is applied
thereto in the above-described comparative example. Part (A)
in FIG. 11 illustrates the vicinity of the pixel electrode 103 in
a region B in FIG. 10, as viewed from the top face, and part
(B) in FIG. 11 corresponds to its cross-sectional structure.
The alignment film 104 is not illustrated in the figure for the
sake of simplicity. In this manner, in the comparative
example, there is the slit 103a in the pixel electrode 103, that
is, there is a notched portion in the electrode, so the voltage is
not applied to a region immediately above the slit 103a, and
the liquid crystal molecules are unlikely to be aligned (to tilt)
in the desired direction. Thus, the liquid crystal molecules
15a do not tilt, but are aligned to stand in the direction sub-
stantially vertical to the substrate surface. In such an align-
ment state, the amount of light transmission is reduced in the
region corresponding to the slit 1034, and the transmittance is
reduced.

[0115] On the other hand, in this embodiment, the align-
ment state of liquid crystal molecules 105a when the voltage
is applied thereto are as will be described below. FIG. 12
schematically illustrates the alignment state of the liquid
crystal molecules 15a when the voltage is applied thereto in
this embodiment. Part (A) in FIG. 12 illustrates the vicinity of
the pixel electrode 13 as viewed from the top face, and part
(B) in FIG. 12 corresponds to its cross-sectional structure.
The alignment film 14 is not illustrated in the figure for the
sake of simplicity. In this manner, although the pixel electrode
13 includes the concavo-convex structure on its surface, there
is no notched portion in the electrode, such as the slit, so it is
possible to suppress generation of insufficient voltage appli-
cation not only on the convex face 135, but also on the con-
cave face 13a. Thus, the liquid crystal molecules 15a tilt even
above the concave face 13a. Therefore, the reduction of the
transmittance accompanied by insufficiency of the alignment
of the liquid crystal molecules generated in the local regions
as described above is suppressed.

[0116] Here, FIG. 13 illustrates the electric field distribu-
tion (equalpotential distribution) of the liquid crystal layer 15
when the voltage is applied thereto. However, in FIG. 13, X
(um) represents the scale in the direction orthogonal to the
extending direction of the concave face 13a on the substrate
surface. Z (um) represents the scale in the thickness direction
of the liquid crystal layer 15, Z=0 represents the pixel elec-
trode 13 side (the alignment film 14 side), and Z=3.5 pm
represents the opposite electrode 17 side (the alignment film
16 side). The width S of the concave face 13a of the pixel
electrode 13 was 4 pm, the thickness Ta was 50 nm, the width
L of the convex face 135 was 4 pm, and the thickness Tb was



US 2011/0317104 Al

300 nm. The vertically aligned film (JALS2131-R6: manu-
factured by ISR Co., Ltd.) was applied onto a first sub-elec-
trode 12A, dried for 80 seconds at 80° C. on a hot plate, and
then baked for 60 minutes at 200° C. in a clean oven in a
nitride atmosphere, thereby forming the alignment films 14
and 16. As the liquid crystal layer 15, the VA liquid crystal
material into which the acryl monomers (A-BP-2E: manufac-
tured by Shin-Nakamura Chemical Co., L.td.) were mixed in
an amount of 0.3 wt % was used, and the thickness of the
liquid crystal layer 15 was 3.5 um. Further, FI1G. 14 illustrates
the electric field distribution of the liquid crystal layer 105 of
the comparative example. The structure conditions and the
process conditions of the part other than the pixel electrode
were the same as those described above. In the comparative
example, it can be seen from FIG. 14 that, in particular, the
voltage applied to the region corresponding to the slit 1034 in
the region on the pixel electrode side is lower than the voltage
applied to the region corresponding to an electrode portion
1035. Meanwhile, in this embodiment as illustrated in FIG.
13, it can be seen that the voltage approximately at the same
level as the voltage applied to the region corresponding to the
convex face 1354 is applied to the region corresponding to the
concave face 13a.

[0117] FIG. 15A illustrates the relation between a voltage
(V) and the response time (ms: millisecond), and FIG. 15B
illustrates the relation between the voltage (V) and the trans-
mittance (%). As illustrated in FIG. 15A, it can be seen that it
is possible to realize the voltage response characteristics more
favorable than the voltage response characteristics of the
comparative example in which the fine-slit structure is pro-
vided. Meanwhile, as illustrated in FIG. 15B, in this embodi-
ment, the transmittance is improved more drastically than the
transmittance of the comparative example.

[0118] Simulation results of the transmittance distribution
are illustrated in FIG. 16 A as an example. However, Y (um)
represents the extending direction of the concave face 13a on
the substrate surface. The dimension in an X-Y plane of the
pixel electrode 13 was 30 umx30 pm, and each width of the
concave face 13a and the convex face 135 was 4 um. Further,
the thickness of the liquid crystal layer 15 was 3.5 pum, the
application voltage was 7.5 V, and the wavelength of the
incident light was 550 um. In addition, FIG. 16B is the trans-
mittance distribution of the fin-slit structure in which the slit
with a width of 4 um is provided in the pixel electrode at an
interval of 4 pm. The conditions of the fine-slit structure are
the same as those described above, except that the pixel
electrode was provided with the slit. In this manner, by pro-
viding the concave-convex structure in the pixel electrode, the
dark lines are reduced more and the transmittance is improved
more, as compared with those of the fine-slit structure, and the
uniform transmittance distribution is easily realized. How-
ever, each of FIGS. 16 A and 16B illustrates the transmittance
distribution with black-and-white shading (the transmittance
is high as the shading is close to white, and the transmittance
is low as the shading is close to black).

[0119] As described above, in this embodiment, because
the concavo-convex structure is provided, specifically, the
concavo-convex structure of the concave face 13a, the convex
face 135, and the vertical face 13¢ is provided on the face on
the liquid crystal layer 15 side of the pixel electrode 13, it is
possible to generate the electric field distortion in the liquid
crystal layer 15 when the voltage is applied thereto. There-
fore, it is possible to efficiently provide the pre-tilt. Mean-
while, it is possible to suppress the reduction of the applica-
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tion voltage in the local region, and the result is that it is
possible to suppress the reduction of the transmittance.
Therefore, it is possible to realize the high transmittance
while the favorable voltage response characteristics are main-
tained.

[0120] Hereinafter, modifications (Modification 1 to Modi-
fication 4) will be described. In addition, components which
are the same as in the first embodiment have been given the
same reference characters, and descriptions will be omitted.
[0121] 2. Modification 1

[0122] FIG. 17 illustrates the cross-sectional structure (cor-
responds to part of the pixel) of the liquid crystal display
panel in the liquid crystal display according to Modification
1. Like the liquid crystal display panel 2 of the above-de-
scribed embodiment, in the liquid crystal display panel of this
modification, the liquid crystal layer 15 is sandwiched
between the drive substrate 11 and the facing substrate 18,
and the polarizing plates 19 and 20 are bonded onto the outer
faces of the drive substrate 11 and the facing substrate 18,
respectively. A planarizing film 21 is formed on the drive
substrate 11 so as to cover the surface of the drive substrate
11, and a pixel electrode 22 is disposed for each pixel 10 on
the planarizing film 21. In such a structure, in this modifica-
tion, the face on the liquid crystal layer 15 side of the pixel
electrode 22 has the concave-convex structure, and the face
on the liquid crystal layer 15 side of the opposite electrode 17
is flat.

[0123] However, in this modification, the concavo-convex
structure is formed on the surface of the planarizing film 21 as
being the foundation layer of the pixel electrode 22, and the
pixel electrode 22 with a substantially-uniform thickness by
following the surface shape of the planarizing film 21 is
provided onthe planarizing film 21. Specifically, the planariz-
ing film 21 has the concavo-convex structure whose surface is
formed by alternately aligning a concave face 21a and a
convex face 215 along the direction parallel to the substrate
surface. On the surface of the pixel electrode 22, the concavo-
convex structure including a concave face 22a corresponding
to the concave face 21a of the planarizing film 21, and a
convex face 225 corresponding to the convex face 215 of the
planarizing film 21 is formed. In addition, the planarizing film
21 is constituted of the organic insulating film which is the
same as that of the planarizing film 12 of the above-described
embodiment. However, instead of the planarizing film 21, for
example, the inorganic insulating film such as the silicon
oxide film, the silicon nitride film, and the silicon oxide
nitride film may be provided.

[0124] The concavo-convex structure of the pixel electrode
22 may be formed, for example, as will be described next.
That is, first, as illustrated in FIG. 18A, the planarizing film 21
is, for example, formed on the drive substrate 11 by the same
method as in the above-described embodiment. Next, as illus-
trated in FIG. 18B, a selective region (a region corresponding
to the concave face 21a) of the planarizing film 21 is, for
example, etched by a predetermined depth, and the concave
face 21a and the convex face 215 are thus formed on the
surface of the planarizing film 21. After this, as illustrated in
FIG. 18C, the pixel electrode 22 is formed to cover the con-
cavo-convex structure of the planarizing film 21, for example,
by the evaporation method, the sputtering method, or the like,
and the pixel electrode 22 illustrated in FIG. 17 is thus
formed.

[0125] Also in this modification, like the above-described
embodiment, because the concavo-convex structure includ-
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ing the concave face 22a and the convex face 226 is formed on
the face on the liquid crystal layer 15 side of the pixel elec-
trode 22, the electric field distortion, which is effective for
providing the pre-tilt to the liquid crystal layer 15, is gener-
ated when the voltage is applied. Meanwhile, there is no
notched portion in the electrode, such as the slit, in the pixel
electrode 22 as a whole, so it is possible to suppress the
reduction of the transmittance in the local region of the liquid
crystal layer 15. Thus, it is possible to obtain the same effects
as in the above-described embodiment.

[0126] 3. Modification 2

[0127] FIGS.19A to 19C illustrates another manufacturing
method of the pixel electrode 13 in the liquid crystal display
according to Modification 2 in a process order. In the above-
described embodiment, after the pixel electrode 13 is formed
over the whole surface of the planarizing film 12, the con-
cavo-convex structure of the pixel electrode 13 is formed by
half-etching, but it is also possible to form the concavo-
convex structure as will be described next. That is, as illus-
trated in FIG. 19A, after the planarizing film 21 is formed on
the drive substrate 11, an electrode layer 130 of ITO is formed
over the whole surface of the planarizing film 21 by, for
example, the evaporation method or the sputtering. Next, as
illustrated in FIG. 19B, the selective region (the region cor-
responding to the concave face 13a) of the electrode layer 130
is, for example, removed by etching using the photolithogra-
phy. After this, as illustrated in FIG. 19C, an electrode layer
131 of ITO is formed by, for example, the evaporation method
or the sputtering method. Thereby, the surface of the exposed
planarizing film 21 is covered with the electrode layer 131,
and the concavo-convex structure including the concave face
13a and the convex face 135 is formed.

[0128] In this manner, the concavo-convex structure of the
pixel electrode 13 is not limited to that described in the
above-described embodiment, and may be formed by various
methods. That is, if the face on the liquid crystal layer 15 side
of the pixel electrode 13 has the concavo-convex structure, it
is possible to obtain the same effects as the above-described
embodiment.

[0129] 4. Modification 3

[0130] FIG. 20 illustrates the cross-sectional structure (cor-
responding to part of the pixel) of the liquid crystal display
panel in the liquid crystal display according to Modification
3. Like the liquid crystal display panel 2 of the above-de-
scribed embodiment, in the liquid crystal display panel of this
modification, the liquid crystal layer 15 is sandwiched
between the drive substrate 11 and the facing substrate 18,
and the polarizing plates 19 and 20 are bonded the onto outer
faces of the drive substrate 11 and the facing substrate 18,
respectively. A pixel electrode 23 is disposed for each pixel 10
above the drive substrate 11 with the planarizing film 12 in
between. In such a structure, also in this modification, the face
onthe liquid crystal layer 15 side of the pixel electrode 23 has
the concave convex structure, and the face on the liquid crys-
tal layer 15 side of the opposite electrode 17 is flat.

[0131] However, in this modification, the concavo-convex
structure of the pixel electrode 23 has a taper. Specifically, the
concavo-convex structure includes a concave face 23a and a
convex face 23b alternately aligned along the direction par-
allel to the substrate surface, and a step portion between the
concave face 23a and the convex face 2354 is a taper face 23c.
A taper angle (the direction vertical to the substrate surface is
0°) of the taper face 23 is, for example, 0° to 80° both inclu-
sive. That is, in this modification, the concavo-convex struc-
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ture in which a convex portion whose cross-sectional shape is
a trapezoid is aligned at a predetermined interval on the
surface of the pixel electrode 23 is formed.

[0132] The concavo-convex structure of the pixel electrode
23 may be, for example, formed by etching by using the
photolithography.

[0133] Like the above-described embodiment, also in this
modification, because the concavo-convex structure includ-
ing the concave face 23a and the convex face 235 is formed on
the face on the liquid crystal layer 15 side of the pixel elec-
trode 23, the electric field distortion, which is effective for
providing the pre-tilt to the liquid crystal layer 15, is gener-
ated when the voltage is applied thereto. Meanwhile, in the
pixel electrode 23 as a whole, there is no notched portion of
the electrode, such as the slit, so it is possible to suppress the
reduction of the transmittance in the local region of the liquid
crystal layer 15. Therefore, it is possible to obtain the same
effects as the above-described embodiment.

[0134] Here, simulation results of the transmittance distri-
bution are illustrated in FIG. 21. In addition, the conditions
such as the dimension of the pixel electrode 13, the concavo-
convex structure, the thickness of the liquid crystal layer 15,
the application voltage, the wavelength of the incident light
are the same as those in the simulation (FIG. 16A) of the
above-described embodiment. However, the taper angle is
tilted at 30° from the direction vertical to the substrate sur-
face. In this manner, like the above-described embodiment,
by providing the concavo-convex structure including the
taper face in the step portion, it can be seen that the dark lines
are reduced, the transmittance is improved, and the uniform
transmittance distribution is easily realized.

[0135] 5. Modification 4

[0136] FIG. 22 illustrates the cross-sectional structure (cor-
responding to part of the pixel) of the liquid crystal display
panel in the liquid crystal display according to Modification
4. Like the liquid crystal display panel 2 of the above-de-
scribed embodiment, in the liquid crystal display panel of this
modification, the liquid crystal layer 15 is sandwiched
between the drive substrate 11 and the facing substrate 18,
and the polarizing plates 19 and 20 are bonded onto the outer
faces of the drive substrate 11 and the facing substrate 18,
respectively. A pixel electrode 24 is disposed for each pixel 10
above the drive substrate 11 with the planarizing film 12 in
between. In such a structure, also in this modification, the face
on the liquid crystal layer 15 side of the pixel electrode 24 has
the concave convex structure, and the face on the liquid crys-
tal layer 15 side of the opposite electrode 17 is flat.

[0137] However, in this modification, the concavo-convex
structure of the pixel electrode 24 has a reverse taper. Spe-
cifically, the concavo-convex structure includes a concave
face 244 and a convex face 2456 alternately aligned along the
direction parallel to the substrate surface, and the step portion
between the concave face 24a and the convex face 245 is a
reverse taper face 24¢. That is, in this modification, the con-
cavo-convex structure in which the convex portion whose
cross-sectional shape is a reverse trapezoid is aligned at a
predetermined interval is formed on the surface of the pixel
electrode 24.

[0138] The concavo-convex structure of the pixel electrode
24 may be, for example, formed by etching using the photo-
lithography.

[0139] Like the above-described embodiment, also in this
modification, because the concavo-convex structure includ-
ing the concave face 24a and the convex face 245 is formed on
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the face on the liquid crystal layer 15 side of the pixel elec-
trode 24, the electric field distortion, which is effective for
providing the pre-tilt to the liquid crystal layer 15, is gener-
ated when the voltage is applied thereto. Meanwhile, in the
pixel electrode 24 as a whole, there is no notched portion of
the electrode, such as the slit, so it is possible to suppress the
reduction of the transmittance in the local region of the liquid
crystal layer 15. Therefore, it is possible to obtain the same
effects as the above-described embodiment. Further, because
the step portion is the reverse taper face, it is possible to
generate the electric field distortion with the step smaller than
the step with a vertical face. Thus, it is possible to control the
alignment without an increase of the thickness of the whole
pixel electrode.

[0140] Next, the detailed structure in the case where the
foundation layer of the pixel electrode has the concavo-con-
vex structure as described in Modification 1 will be described
with the following Modification 5-1 to Modification 5-5.
[0141] 6. Modifications 5-1 to 5-5

[0142] Modification 5-1

[0143] FIG. 23 is a cross-sectional view for explaining an
example of the concavo-convex structure according to Modi-
fication 5-1. This modification is an example of the detailed
structure of the case in which there is the concavo-convex
structure which is the same as that of Modification 1
described above (the case in which a concavo-convex struc-
ture 21ab is provided on the surface of the planarizing film 21
as being the foundation layer of the pixel electrode 22). As
illustrated in FIG. 23, the planarizing film 21 is provided to
cover a transistor 120 (TFT), a wiring which is not illustrated
in the figure, or the like on a substrate 11a. The transistor 120
includes, for example, a semiconductor layer 123 above a
gate electrode 121 with a gate insulating film 122 in between.
A source/drain electrode 124 is disposed on the semiconduc-
tor layer 123, and the semiconductor layer 123 and the source/
drain electrode 124 are covered with a protective film 125. In
addition, the transistor 120 is not limited to such a bottom-
gate type, but may be a top-gate type.

[0144] The planarizing film 21 is provided with a contact
hole H1 ensuring electrical conduction between the transistor
120 (the source/drain electrode 124) and the pixel electrode
22. On the planarizing film 21, the pixel electrode 22 buries
the bottom of the contact hole H1, and is formed with a
substantially-uniform thickness by following the surface
shape of the concavo-convex structure 21ab.

[0145] The concavo-convex structure 21ab in the planariz-
ing film 21 may be, for example, formed as will be described
next. That is, although it is omitted in the figure, first, after the
planarizing film 21 is formed on the drive substrate 11 by the
above-described method, the concavo-convex structure 21ab
and the contact hole H1 are formed on the surface of the
planarizing film 21 by using the photolithography. Specifi-
cally, first, a photoresist is applied onto the planarizing film
21, and the exposure and the development are performed on
the photoresist by using a predetermined photomask to pat-
tern the photoresist. At this time, as the photomask, a mask
including a transmission region (transmittance is approxi-
mately 100%) corresponding to the contact hole H1, and
including a semi-transmission region (transmittance is sev-
eral % to several tens of %) corresponding to the formation
region of the concavo-convex structure 21ab is used. The
region corresponding to the concavo-convex structure 21ab is
a so-called half-tone mask. After that, the etching is per-
formed to remove the photoresist, and the contact hole H1
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penetrating to the surface of the source/drain electrode 124 is
thus formed in a partial region of the planarizing film 21.
Meanwhile, in a selective region other than the partial region,
the predetermined concavo-convex structure 21ab is formed
on the surface of the selective region. The depth of the con-
cave (the height of the convex) and the width of the concave
(the width of the convex) in the concavo-convex structure
21ab may be adjusted by the transmittance and the pattern of
the semi-transmission region in the above-described photo-
mask. After this, the pixel electrode 22 may be formed on the
planarizing film 21.

[0146] Like this modification, in the case where the con-
cavo-convex structure 21ab is provided in the foundation
layer (the planarizing film 21) of the pixel electrode 22, it is
possible to form the concavo-convex structure 21ab and the
contact hole H1 at the same time by using the photolithogra-
phy utilizing the half-tone mask. That is, it is possible to form
the concavo-convex structure 21ab in the planarizing film 21
without newly increasing a manufacturing step.

[0147] Modification 5-2

[0148] FIG. 24A is a cross-sectional view for explaining an
example of the concavo-convex structure according to Modi-
fication 5-2. Like Modification 5-1 described above, in this
modification, the foundation layer of the pixel electrode 22
includes the concavo-convex structure, but this modification
is different from Modification 5-1 on the next point. That s, in
this modification, the surface of the planarizing film 12 is flat,
and a photoresist 25 constituting a concavo-convex structure
25ab is provided on the planarizing film 12. Like Modifica-
tion 5-1, the planarizing film 12 is provided with the contact
hole H1 ensuring the electrical conduction between the pixel
electrode 22 and the source/drain electrode 124. The photo-
resist 25 includes an aperture in the region corresponding to
the contact hole H1, and is patterned in the region other than
the region corresponding to the contact hole H1 to form the
concavo-convex 25ab. On the photoresist 25, the pixel elec-
trode 22 buries the bottom of the contact hole H1, and is
formed with a substantially uniform thickness by following
the shape of the concavo-convex structure 25ab.

[0149] The concavo-convex structure 25ab by using the
photoresist 25 may be, for example, formed as will be
described next. That is, although it is omitted in the figure,
first, after the planarizing film 12 is formed on the drive
substrate 11 by the above-described method, the contact hole
H1 is formed by using the photolithography. Next, the pho-
toresist 25 is applied onto the planarizing film 12, the expo-
sure and the development are performed on the photoresist
25, and the patterning is performed on the photoresist 25 so
that the surface of the source/drain electrode 124 is exposed in
the contact hole H1, and the surface of the planarizing film 12
is exposed in the formation region of the concavo-convex
structure 25ab. Thereby, the concavo-convex structure 25ab
using the photoresist 25 is formed on the planarizing film 12.
[0150] In the case where the foundation layer of the pixel
electrode 22 is provided with the concavo-convex structure,
the concavo-convex structure 21ab may be provided in the
planarizing film 21 itself as described in Modification 5-1, or
the concavo-convex structure 25ab may be formed by utiliz-
ing the photoresist 25 as in this modification. Thereby, it is
possible to form the concavo-convex structure 25a5 without
the etching process. In this modification, the depth of the
concave (the height of the convex) and the width of the con-
cave (the width of the convex) in the concavo-convex struc-
ture 25ab may be adjusted by changing the film thickness and
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the pattern of the photoresist 25. Here, in the concavo-convex
structure 25ab, the selective region of the photoresist 25 is
removed until the surface of the planarizing film 12 (part of
the surface of the planarizing film 12 is in contact with the
pixel electrode), but the photoresist 25 is not necessarily
completely removed until the surface of the planarizing film
12. That is, as illustrated in FIG. 24B, the concavo-convex
structure 25ab may be provided at least in part on the pixel
electrode 22 side of the photoresist 25, and the face on the
planarizing film 12 side may be flat.

[0151] Modification 5-3

[0152] FIG. 25 is a cross-sectional view for explaining an
example of the concavo-convex structure according to Modi-
fication 5-3. Like Modification 5-1 and Modification 5-2, in
this modification, the foundation layer of the pixel electrode
22 includes the concavo-convex structure. Like Modification
5-2, the surface of the planarizing film 12 is flat, and the
concavo-convex structure is separately provided on the pla-
narizing film 12. However, in this modification, an inorganic
insulating film 26 is provided on the planarizing film 12, and
a concavo-convex structure 26ab is formed in the inorganic
insulating film 26. The inorganic insulating film 26 is, for
example, constituted of the silicon oxide film, the silicon
nitride film, the silicon oxide nitride film, or the like, and
patterned in the region corresponding to the contact hole H1,
and the region constituting the concavo-convex structure
26ab. On the inorganic insulating film 26, the pixel electrode
22 buries the bottom of the contact hole H1, and is formed
with a substantially uniform thickness by following the shape
of the concavo-convex structure 26ab.

[0153] The concavo-convex structure 26ab by using the
inorganic insulating film 26 may be, for example, formed as
will be described next. That is, although it is omitted in the
figure, first, after the planarizing film 12 is formed on the drive
substrate 11 by the above-described method, the contact hole
H1 is formed by using the photolithography. Next, after the
inorganic insulating film 26 is, for example, formed on the
planarizing film 12 by the CVD method, the inorganic insu-
lating film 26 is etched by the photolithography in the region
corresponding to the contact hole H1, and in the formation
region of the concavo-convex structure 26ab. Thereby, the
concavo-convex structure 26ab by using the inorganic insu-
lating film 26 is formed on the planarizing film 12.

[0154] Like this modification, in the case where the con-
cavo-convex structure is provided in the foundation layer of
the pixel electrode 22, the concavo-convex structure 26ab
may be formed by utilizing the inorganic insulating film 26
provided on the planarizing film 12. By using the inorganic
insulating film 26, a desired concavo-convex shape is easily
formed in the concavo-convex structure 26ab, and formation
stability is enhanced. In addition, like the photoresist 25 of
Modification 5-2, the inorganic insulating film 26 is not nec-
essarily completely removed until the surface of the planariz-
ing film 12 in the concavo-convex structure 26ab. The con-
cavo-convex structure 26ab may be provided at least only in
part on the pixel electrode 22 side. Further, an organic insu-
lating film may be used without being limited to the inorganic
insulating film.

[0155] Modification 5-4

[0156] FIG. 26 is a cross-sectional view for explaining an
example of the concavo-convex structure according to Modi-
fication 5-4. Like Modification 5-1 to Modification 5-3, in
this modification, the foundation layer of the pixel electrode
22 includes the concavo-convex structure. However, unlike
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Modification 5-1 to Modification 5-3, this modification is an
application example of the present invention to a COA struc-
ture including a color filter layer 27 on the drive substrate 11.
In this modification, the color filter layer 27 is formed to cover
the transistor 120 provided on the drive substrate 11. An
insulating film 28 as a protective layer of the color filter 27 is
provided on the color filter layer 27, and the insulating film 28
includes a concavo-convex structure 28ab. The color filter
layer 27 contains, for example, a resin material, a pigment,
and a dye, and is colored with one color of R, G, and B for
each pixel. The insulating film 28 is, for example, constituted
of'an organic film of a thermoset resin, a photoreactive resin,
or the like, or an inorganic film of the silicon oxide film, the
silicon nitride film, the silicon oxide nitride film, or the like,
and is patterned in the region corresponding to the contact
hole H1, and the region constituting the concavo-convex
structure 28ab. On the insulating film 28, the pixel electrode
22 buries the bottom of the contact hole H1, and is formed
with a substantially uniform thickness by following the shape
of the concavo-convex structure 28ab.

[0157] The concavo-convex structure 28ab using the insu-
lating film 28 may be, for example, formed as will be
described next. That is, although it is omitted in the figure,
first, after the color filter layer 27 is formed on the drive
substrate 11, for example, the insulating film 28 of the organic
film is applied onto the color filter layer 27. After this, the
contact hole H1 is formed by using the photolithography, and
the concavo-convex structure 28ab is formed. Thereby, the
concavo-convex structure 28ab using the insulating film 28 is
formed on the color filter layer 27. In addition, the insulating
film 28 is patterned to form the concavo-convex structure
28ab, and part of the surface of the color filter layer 27 is thus
exposed from the insulating film 28 as being the protective
film. However, the exposed face of the color filter is finally
covered with the pixel electrode 22. That is, the pixel elec-
trode 22 (for example, ITO) functions as the protective film,
so the color filter layer 27 is not easily deteriorated due to
formation of the concavo-convex structure 28ab.

[0158] In the case where the foundation layer of the pixel
electrode 22 is provided with the concavo-convex structure,
the present invention is also applicable to the COA structure
as in this modification. In this case, the concavo-convex struc-
ture 28ab may be formed in the insulating film 28 provided on
the color filter layer 27. Further, like Modification 5-2, the
insulating film 28 is not necessarily removed until the surface
of the color filter layer 27 in the concavo-convex structure
28ab. The concavo-convex structure 28ab may be provided at
least only in part on the pixel electrode 22 side of the insulat-
ing film 28.

[0159] In the case where the inorganic film is used as the
insulating film 28, after the color filter layer 27 is formed on
the drive substrate 11, the contact hole H1 is formed in the
color filter layer 27. Next, the inorganic film as described
above is formed on the color filter layer 27 by, for example,
the CVD method, and the inorganic film is patterned to form
the concavo-convex structure 28ab.

[0160] Modification 5-5

[0161] As illustrated in FIG. 27, in the COA structure as
described in Modification 5-4, a concavo-convex structure
29ab may be formed directly on the surface of a color filter
layer 29. In this case, it is possible to collectively form the
concavo-convex structure 29ab and the contact hole H1 in the
same step by utilizing the predetermined photomask
described in Modification 5-1. Further, in this modification,
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the whole surface of the color filter layer 29 is covered with
the pixel electrode 22, and the pixel electrode 22 functions as
the protective film of the color filter layer 29. In this manner,
the concavo-convex structure 29ab may be provided in the
color filter layer 29 itself

[0162] In Modification 5-1 to Modification 5-5, although
the case in which the concavo-convex structure is provided in
the foundation layer of the pixel electrode 22 has been
described, the present invention is also applicable to the case
in which the concavo-convex pattern is formed on the oppo-
site electrode 17 side. For example, in the case where the color
filter layer is provided on the facing substrate 18 side, the
concavo-convex structure is formed on the surface of the
color filter layer, or on the surface of the protective film of the
color filter layer, and the opposite electrode 17 may be formed
to cover the formed concavo-convex structure.

[0163] 7. Modification 6

[0164] FIGS. 28A and 28B are schematic views for
explaining the structure of an end portion of the pixel elec-
trode, FIG. 28A illustrates the perspective structure thereof,
and FIG. 28B illustrates the pixel electrode 22 provided above
the drive substrate 11 with the planarizing film 21 in between,
as viewed from the pixel electrode 22 side. In the pixel elec-
trode described in the embodiment and the modifications, its
end portion (specifically, a non-display area facing a black
matrix layer) may be removed. Hereinafter, as the pixel elec-
trode, the pixel electrode (the pixel electrode 22) provided on
the foundation layer including the concavo-convex structure
which has been described in Modification 5-1 to Modification
5-5 will be exemplified. Specifically, after the pixel electrode
22 is formed on the foundation layer such as the planarizing
film including the concavo-convex structure, the pixel elec-
trode 22 including such an electrode end 22E (a periphery
region) is completed by etching and removal of its end por-
tion.

[0165] In this manner, because the pixel electrode 22
includes the patterned electrode end 22E, the oblique electric
field is strong, and the liquid crystal is easily aligned in the
desired direction in the pixel end portion.

[0166] Here, measurement experiments and simulations
were conducted by manufacturing a sample, which will be
described next, in which the pixel electrode 22 including the
electrode end 22E was formed on the planarizing film 21 of
Modification 5-1. That is, first, the thermoset resin (SS3969
manufactured by JSR Co., Ltd.) was applied onto the glass
substrate by the spin coat method, and was prebaked (at 90°
C. for 90 seconds) by using the hot plate. After that, the
thermoset resin was baked for 1 hour in an oven setat 230° C.
to form the planarizing film 21 with a film thickness of 2 nm.
Stripe-shaped concaves (grooves) each with a width of 4 pm
(a width of the convex is also 4 um) and a depth of 100 nm
were pattern-formed by the photolithography on the surface
ofthe planarizing film 21, the ITO with a thickness of 100 nm
was formed over the whole surface, and then only the end
portion was removed by etching using the photolithography.
The alignment film (an FPA material manufactured by JSR
Co., Ltd.) is applied onto the surface of the formed pixel
electrode 22 and the surface of the electrode of the separately-
prepared facing substrate (the substrate on which the solid
opposite electrode without being patterned is formed). Next,
the liquid crystal material (MLC-7026 manufactured by
Merck & Co., Inc.) was sealed between the pixel electrode 22
and the opposite electrode. After that, the UV exposure was
performed on the liquid crystal while the voltage is supplied
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to the liquid crystal through the pixel electrode 22 and the
opposite electrode, and the pre-tilt was thereby provided to
the liquid crystal molecule in the vicinity of the alignment
film. The transmittance, the tilt angle, and the response char-
acteristics of the sample manufactured in this manner (a
sample A: groove depth 100 nm) were measured. Further, the
transmittance, the tilt angle, and the response characteristics
of'a sample B (groove depth 200 nm) and a sample C (groove
depth 300 nm) manufactured in the same conditions as those
described above except the depth of the groove formed on the
planarizing film 21 were measured in the same manner.
[0167] As acomparative example of the samples A to C, a
sample D which will be described next was manufactured,
and the same measurements were performed. As the structure
on the drive substrate side of the sample D, as illustrated in
FIG. 29, a structure in which a planarizing film 102 was
formed on the drive substrate 101, and a pixel electrode 103
having the fine-slit structure was disposed on the planarizing
film 102 was used. Specifically, first, after the planarizing film
102 (without the concavo-convex structure) with a film thick-
ness of 2 um was formed on the glass substrate in the same
manner as described above, the ITO with a thickness of 100
nm was formed over the whole surface of the planarizing film
102. After that, the formed ITO was patterned by the photo-
lithography, and the stripe-shaped region corresponding to
the slit 103q, and the end portion region were selectively
removed by etching. The width of the slit 103a was the same
as those of the samples A to C, and the structure on the
opposite electrode side, the materials of the alignment film
and the liquid crystal, the voltage application conditions, and
the UV exposure conditions were the same as those of the
samples A to C.

[0168] The transmittance, the tilt angle, and the response
characteristics measured as described above were illustrated
in FIGS. 30 to 32. The tilt angle indicates the voltage applied
onto each electrode at the time of the UV exposure, and the tilt
angle provided by the voltage application. As a measurement
value of the tilt angle, the tilt angles of the liquid crystal
molecules in a certain region were measured, and an average
of those tilt angles was indicated.

[0169] As illustrated in FIG. 30, the transmittance was
improved by approximately 17% in the samples A to C
including the concavo-convex pattern in the pixel electrode,
as compared with that of the sample D using the fine-slit
structure.

[0170] As illustrated in FIG. 31, it can be seen that the
provided tilt angles in the samples A to C are larger than that
of the sample D. Although detail will be described later, it is
thought that this is because variation of the alignment state of
the liquid crystal molecules is generated in the sample D, and
the alignment states in the samples A to C are easily uniformly
aligned. As described above, because the tilt angle indicates
the average of the tilt angles of the liquid crystal molecules in
the certain region, in the case where the tilt directions of the
liquid crystal molecules are varied, and there are the liquid
crystal molecules which do not tilt, the average value is likely
to be a small value. Meanwhile, when the tilt directions of the
liquid crystal molecules are aligned in a certain direction, the
actual tilt angles of the liquid crystal molecules, and the
average value are likely to be close to each other.

[0171] Further, as illustrated in FIG. 32, it can be seen that
the responses to the voltage in the samples A to C are faster
than that of the sample D. It is thought that this is because the
liquid crystal molecules are likely to tilt in the certain direc-
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tion when the directions of the pre-tilts are aligned. In the
above-described results, there is substantially no difference
ofthe response characteristics and the transmittance between
the samples A to C in which the groove depths are set to 100
nm, 200 nm, and 300 nm.

[0172] As aproof of these results, simulations of the align-
ment of the liquid crystal molecules in the case where the
voltage is changed (5V, 7.5V, and 10V) when the pre-tilt is
provided areillustrated in FIGS. 33B and 33C. However, FIG.
33B illustrates the electrode having the fine-slit structure,
FIG. 33C illustrates the electrode having the concavo-convex
pattern, and FIGS. 33B and 33C illustrate a region S1 in the
vicinity of the interface of the convex and the concave of the
electrode (in the vicinity of the interface of the electrode
portion and the slit portion in the fine-slit structure) illustrated
in FIG. 33A. Further, in each figure, the liquid crystal mol-
ecules are schematically illustrated by using a line D1 indi-
cating the direction of the director, and end portions D21 and
D22 in the long axis direction. For example, the liquid crystal
molecule illustrated with a relatively-long distance (the
length of the line D1) between the end portion D21 and D22
indicates that the liquid crystal molecule tilts at a large angle
in the direction along the line D1. From these simulation
results, it can be seen that the liquid crystal molecule with the
concavo-convex structure is provided with the pre-tilt larger
than that of the liquid crystal molecule with the fine-slit
structure. In the fine-slit structure, there is a large number of
the liquid crystal molecules tilting in the direction orthogonal
to the long side direction of the electrode, in addition to the
liquid crystal molecules tilting along the long side direction
of'the electrode (the extending direction of the slit), and it can
be seen that the tilt directions of the liquid crystal molecules
are varied. On the other hand, in the case of the concavo-
convex structure, it can be seen that the liquid crystal mol-
ecules tilt substantially along the long side direction of the
electrode (the extending direction of the concave).

[0173] In FIGS. 34A and 34B, the alignment state of the
liquid crystal molecules in the case of the fine-slit structure,
and the case of the concavo-convex structure is schematically
illustrated, respectively. As illustrated in FIG. 34A, in the
fine-slit structure, the liquid crystal molecules are twisted
(while the directors rotate from the pixel electrode to the
opposite electrode) and aligned in the vicinity of the interface
of the electrode portion and the slit portion. Further, because
the electrode portion and the slit portion are alternately and
continuously arranged, a clockwise (R1) twist and a counter-
clockwise (L1) twist alternately appear. FIGS. 35B to 35D
illustrate the alignment state of the liquid crystal molecules
with the fine-slit structures, as viewed from different angles.
FIG. 35B illustrates the alignment state as viewed from arrow
F1 of FIG. 35A, FIG. 35C illustrates the alignment state as
viewed from arrow F2, and FIG. 35D illustrates the alignment
state as viewed from arrow F3, respectively. In this manner,
the tilt directions of the liquid crystal molecules are varied in
the fine-slit structure, and this causes the reduction of the
response speed.

[0174] On the other hand, as illustrated in FIG. 34B, the
liquid crystal molecules are aligned and tilt in a substantially-
uniform direction in the case ofthe concavo-convex structure,
and it can be seen that the smooth response to the voltage is
realized.

[0175] In Modification 6, although the structure in which
the electrode end 22E (the periphery portion) of the pixel
electrode 22 is removed by patterning has been described, it is
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not limited to such a structure. As illustrated in FIGS. 36 A and
36B, the periphery region may not be removed.

[0176] 8. Examples

[0177] Hereinafter, examples (first to third examples) of the
liquid crystal displays according to the embodiment and the
modifications will be described.

[0178] First Example

[0179] FIG. 37 illustrates measurement results of the trans-
mittance in the case where the step height (difference between
the thickness Tb of the convex face 135 and the thickness Ta
of the concave face 13a) was varied in the liquid crystal
display panel 2 according to the embodiment. At that time, the
width S of the concave face 13a of the pixel electrode 13 of
ITO was 4 pum, the width L of the convex face 136 was 4 pm,
the thickness of the liquid crystal layer 15 was 3.5 pm, the
application voltage was 7.5 V, and the wavelength of the
incident light was 550 nm. The step height was varied by 50
nm in a rage of 50 nm to 500 nm both inclusive, and varied by
500 nm in a range of 1000 nm to 3000 nm both inclusive. In
arange of 500 nm to 800 nm both inclusive, measurement was
performed at two points of 750 nm and 800 nm. In any of the
cases, the liquid crystal was aligned without issues, but there
was a tendency that the transmittance was reduced as the step
height was large. Here, because the transmittance higher than
the transmittance (REF=0.71) in the fine-slit structure may be
realized, the step height is preferably in a range of 50 nm to
750 nm both inclusive. More preferably, it is in a range of 50
nm to 300 nm both inclusive. The tact time in the film-
forming step and the etching step may be reduced, and
because the step height is reduced, the structure is close to that
of the solid electrode whose surface shape is flat. Thus, the
improvement of the transmittance is expected.

[0180] Second Example

[0181] As a second example, the transmittance was mea-
sured in the case where a taper angle 0t of the taper face 23¢
in the pixel electrode 23 described in Modification 3 was
varied. Specifically, as illustrated in FIG. 38, the taper angle
0t was varied under the conditions that the width S (4 um) of
the concave face 234, the thickness Ta (50 nm), the pitch (=the
width of the bottom of the trapezoid convex: 4 um), and the
thickness Tb (200 nm) of the convex face 235 were fixed,
while the width Da of the convex face 235 was variable. At
that time, the width D was varied by 0.5 um in a range of 3.5
um to 1 pm both inclusive. In any of the cases, the liquid
crystal was aligned without issues, and the transmittance was
high as illustrated in FIG. 39. Further, when the width Da was
1 um, the transmittance was the highest.

[0182] Third Example

[0183] As athird example, the transmittance was measured
in the case where the taper angle 0t of the taper face 23¢ was
varied in the same manner as the second example. However,
in this example, as illustrated in FIG. 40, the step height
(=Tb-50) was varied under the conditions that the width S (4
um) of the concave face 23a, the thickness Ta (50 nm), the
pitch (=the width of the bottom of the trapezoid convex: 4 um)
and the width (1 um) of the convex face 235 were fixed, while
the thickness Tb of the convex face 235 was variable. The step
height was varied by 20 nm in a range of 200 nm to 60 nm both
inclusive. In any of the cases, the liquid crystal was aligned
uneventfully, and the transmittance was high as illustrated in
FIG. 41. Further, the transmittance was high as the step height
was smaller.

[0184] Hereinbefore, although the present invention has
been described with the embodiment and the modifications,
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the present invention is not limited to the embodiment and the
like, and various modifications may be made. For example, in
the above-described embodiment and the like, although the
description has been made with the example in which the
concavo-convex structure is formed only on the surface of the
pixel electrode, the concavo-convex structure may be formed
on the surface of the opposite electrode. That is, the surface of
the pixel electrode may be flat and the concavo-convex struc-
ture is provided on the surface of the opposite electrode, or the
concavo-convex structure may be provided on the surfaces of
both the pixel electrode and the opposite electrode.

[0185] In the above-described embodiment and the like,
although the description has been made with the example in
which the step portion of the concavo-convex structure has
one of the vertical face, the taper face, or the reverse taper
face, without being limited to this, the step portion of the
concavo-convex structure may have a curved face. Further,
although the description has been made with the example in
which the cross-sectional shape of the concavo-convex struc-
ture with the step portion having the taper face is the trap-
ezoid, the cross-sectional shape may be a triangle (that is, the
shape without the top face).

[0186] Further, the thickness, the size, and the like of each
layer in the liquid crystal display of the present invention are
not limited to those described above. For example, although
the description has been made with the example in which the
width S of the concave face and the width L of the convex face
are equal to each other (S=L.=4 um) in the pixel electrode, the
width S of the slit and the width L of the electrode portion may
be different from each other.

[0187] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alternations may occur depending on design require-
ments and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

What is claimed is:
1. A liquid crystal display comprising:
a liquid crystal layer;
a first substrate and a second substrate arranged to face
each other with the liquid crystal layer in between;
a plurality of pixel electrodes provided on a liquid crystal
layer side of the first substrate; and
an opposite electrode provided on the second substrate to
face the plurality of pixel electrodes, wherein
one or both of a face on the liquid crystal layer side of the
pixel electrode, and a face on the liquid crystal layer side
of the opposite electrode includes a concavo-convex
structure.
2. The liquid crystal display according to claim 1,
wherein each pixel electrode has the concavo-convex
structure, and
the face on the liquid crystal layer side of the opposite
electrode is flat.
3. The liquid crystal display according to claim 2, wherein
a step portion between a concave face and a convex face in the
concavo-convex structure is disposed vertical to a substrate
surface.
4. The liquid crystal display according to claim 2, wherein
a step portion between a concave face and a convex face in the
concavo-convex structure has a taper face.
5. The liquid crystal display according to claim 2, wherein
a step portion between a concave face and a convex face in the
concavo-convex structure has a reverse taper face.
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6. The liquid crystal display according to claim 2, wherein
a face opposite from the liquid crystal layer side of the pixel
electrode is flat.

7. The liquid crystal display according to claim 2, further
comprising a foundation layer including the concavo-convex
structure between the plurality of pixel electrodes and the first
substrate, wherein

the face on the liquid crystal layer side of each pixel elec-

trode includes the concavo-convex structure following a
surface shape of the concavo-convex structure of the
foundation layer.

8. The liquid crystal display according to claim 7, wherein
the foundation layer is a planarizing layer covering a surface
of'the first substrate.

9. The liquid crystal display according to claim 7, further
comprising a planarizing film covering the surface of the first
substrate, wherein

aphotoresist film as the foundation layer is provided on the

planarizing film.

10. The liquid crystal display according to claim 7, further
comprising a planarizing film covering the surface of the first
substrate, wherein

an insulating film as the foundation layer is provided on the

planarizing film.

11. Theliquid crystal display according to claim 7, wherein
the foundation layer is a color filter layer provided on the first
substrate.

12. The liquid crystal display according to claim 7, further
comprising a color filter layer on the first substrate, wherein

an insulating film as the foundation layer is provided on the

color filter layer.

13. Theliquid crystal display according to claim 1, wherein
a pre-tilt is provided in a vicinity of the pixel electrode and a
vicinity of the opposite electrode in the liquid crystal layer.

14. A method of manufacturing a liquid crystal display,
comprising the steps of:

forming a plurality of pixel electrodes on a first substrate;

forming an opposite electrode on a second substrate;

sealing a liquid crystal layer by the pixel electrode and the
opposite electrode facing each other between the first
substrate and the second substrate; and

providing a pre-tilt to the liquid crystal layer by exposing

the liquid crystal layer while applying a voltage onto the
liquid crystal layer through the pixel electrode and the
opposite electrode, wherein

a concavo-convex structure is formed on one or both of a

face on a liquid crystal layer side of the pixel electrode,
and a face on the liquid crystal layer side of the opposite
electrode.

15. The method of manufacturing a liquid crystal display
according to claim 14, wherein the concavo-convex structure
is formed in each pixel electrode, and the face on the liquid
crystal layer side of the opposite electrode is flat.

16. The method of manufacturing a liquid crystal display
according to claim 15, wherein a step portion between a
concave face and a convex face in the concavo-convex struc-
ture is disposed vertical to a substrate surface.

17. The method of manufacturing a liquid crystal display
according to claim 15, wherein a step portion between a
concave face and a convex face in the concavo-convex struc-
ture has a taper face.



US 2011/0317104 Al Dec. 29, 2011

14
18. The method of manufacturing a liquid crystal display after a planarizing film as a foundation layer of the plurality
according to claim 15, wherein a step portion between a of pixel electrodes is formed to covera surface of the first
concave face and a convex face in the concavo-convex struc- substrate, the concavo-convex structure is formed on a
surface of the planarizing film, and
ture has a reverse taper face. in the step of forming the plurality of pixel electrodes, each
19. The method of manufacturing a liquid crystal display pixel electrode is formed on the planarizing film so that
according to claim 15, wherein a face opposite from the liquid a face on the liquid crystal layer side of the pixel elec-

trode has the concavo-convex structure following the

crystal layer side of the pixel electrode is flat. concavo-convex structure of the planarizing film.

20. The method of manufacturing a liquid crystal display
according to claim 15, wherein ok kKK
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