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(57) A high-quality display is achieved by suppress-
ing a disturbance in alignment in a liquid crystal display
panel including a substrate structured so that a slit in a
pixel electrode intersects with a scanning signal line or
an auxiliary capacitor line. An active matrix substrate (10)
includes: a pixel electrode (12) having a slit; and an aux-
iliary capacitor line (14). In a region of intersection be-

tween the slit (15) and the auxiliary capacitor line (14) or
a scanning signal line (21), at least a drain line (13) or a
data signal line (22) is provided between a layer of the
pixel electrode (12) and a layer of the auxiliary capacitor
line (14) or of the scanning signal line (21) in such a way
as to cover the auxiliary capacitor line (12) or the scan-
ning signal line (21).
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Description

Technical Field

[0001] The present invention relates to active matrix
substrates, liquid crystal display panels, liquid crystal dis-
play devices, methods for manufacturing active matrix
substrates, and methods for manufacturing liquid crystal
display panels, in order to display an image by controlling
the alignment of liquid crystal molecules and, in particu-
lar, to: an active matrix substrate, a liquid crystal display
panel, and a liquid crystal display device, each of which
is manufactured by a method including a PSA (polymer
sustained alignment) treatment; a method for manufac-
turing an active matrix substrate and a method for man-
ufacturing a liquid crystal display panel, each of which
includes a PSA treatment; and a method for driving a
liquid crystal display panel.

Background Art

[0002] In recent years, along with the popularization
of information equipment, there has been a growing de-
mand for higher levels of performance of display panels
(liquid crystal display devices). In a liquid crystal display
device, the passage and blockage of transmitted light is
controlled by changing the direction of alignment of the
liquid crystal molecules according to applied voltage. For
the liquid crystal display device to have a higher level of
performance, the state of alignment of the liquid crystal
molecules in the absence of voltage being applied to the
liquid crystals is important. Therefore, for a satisfactory
state of alignment, it is necessary to control an initial
formed angle (pretilt angle) between the liquid crystal lay-
er and the liquid crystal molecules.
[0003] A known example of a method for controlling a
pretilt angle is a technique disclosed in Patent Literature
1 listed below, i.e., a technique so called PSA. PSA is a
technique by which the direction in which the liquid crys-
tals lean is memorized by mixing polymerizable mono-
mers into the liquid crystals and polymerizing the mono-
mers with light, heat, or the like in the presence of voltage
being applied to the liquid crystals. For example, first, a
liquid crystal material containing monomers is injected
into a cell obtained by so joining two substrates each
provided with an alignment film to each other that the
alignment films face each other. Then, the monomers
are polymerized by irradiating them with ultraviolet rays
with the liquid crystal molecules aligned along a prede-
termined direction, for example, by applying an electric
field to the cell.
[0004] Thus formed on each of the alignment films is
a polymer layer having a tilt. As a result, those liquid
crystal molecules in contact with the polymer layer can
be fixed with a pretilt angle given thereto. According to
PSA, even a pixel structure that is weak in alignment
controllability for the purpose of a larger aperture ratio or
the like becomes faster in response speed and unlikely

to suffer from a disturbance in liquid crystal alignment,
for example, even when pressed with a finger.
[0005] Furthermore, at the step of aligning liquid crystal
molecules according to PSA (such a step being herein-
after called "PSA step"), a method for applying voltage
is important because when there is a variation in magni-
tude of voltage that is applied during ultraviolet irradia-
tion, there occurs a difference in pretilt angle that leads
to a variation in transmittance characteristic. For this rea-
son, in Patent Literature 2 listed below, for example, there
is proposed a method for manufacturing a liquid crystal
display device through a PSA step under a scheme to
avoid the influence of a defect in wiring by driving the
liquid crystals through the use of a capacitor formed by
AC application, i.e., under a Cs-COM voltage application
scheme.
[0006] According to the method for manufacturing a
liquid crystal display device described in Patent Literature
2, a first substrate is provided with a common electrode
through which voltage is applied to the entire substrate,
and a second substrate has gate bus lines and data bus
lines disposed thereon in a matrix manner. Provided at
an intersection between two bus lines are a thin-film tran-
sistor, a pixel electrode connected thereto, and a Cs bus
line that forms a capacitor with the pixel electrode. Further
provided in a space between the first and second sub-
strates is a liquid crystal layer formed by filling the space
with a liquid crystal composition containing a photosen-
sitive material, with a capacitor formed by the common
electrode and the pixel electrode with the liquid crystal
layer sandwiched therebetween. Moreover, according to
the method for manufacturing a liquid crystal display de-
vice described in Patent Literature 2, the liquid crystal
layer is irradiated with light by applying AC voltage be-
tween the common electrode and the pixel electrode.
[0007] Thus, during application of voltage to the liquid
crystals, the voltage is written by applying it between two
common electrodes, instead of being written through a
data bus line. This makes it possible to prevent a problem
associated with a defective part made by a breakage or
short circuit in a bus line during writing through the data
bus line, i.e., to prevent such an obstacle that only the
defective part shows a different level of brightness due
to a pretilt angle formed in the defective part.

Citation List

Patent Literature 1

[0008] Japanese Patent Application Publication,
Tokukai, No. 2003-149647 (Publication Date: May 21,
2003)

Patent Literature 2

[0009] Japanese Patent Application Publication,
Tokukai, No. 2003-177408 (Publication Date: June 27,
2003)
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Summary of Invention

Technical Problem

[0010] However, the configuration of Patent Literature
2 poses such a problem that the PSA step under the Cs-
COM voltage application scheme causes a disturbance
in alignment in a position where a pixel electrode slit and
an auxiliary capacitor line cross each other.
[0011] In general, the alignment of liquid crystal mol-
ecules is controlled, for example, by providing a pixel
electrode with a slit, and the alignment of liquid crystal
molecules depends on equipotential surfaces that are
formed when voltage is applied to the pixel electrode.
That is, the inclination of liquid crystal molecules is con-
trolled by the orientation of an electric field. At this time,
in a region of intersection between the slit in the pixel
electrode and the auxiliary capacitor line, there is a var-
iation in orientation of the electric field due to the potential
of the auxiliary capacitor line.
[0012] Fig. 9 shows those lines of electric force (indi-
cated by arrows) and equipotential surfaces (indicated
by dotted lines) in proximity to a slit between a pixel elec-
trode provided with the slit and a counter substrate, (a)
showing those lines of electric force and equipotential
surfaces in a region where the slit does not intersect with
an auxiliary capacitor line, (b) showing those lines of elec-
tric force and equipotential surfaces in a region of inter-
section between the slit intersects and an auxiliary ca-
pacitor line, with the auxiliary capacitor line being equal
in potential to a COM potential, (c) showing those lines
of electric force and equipotential surfaces in the region
of intersection between the slit and the auxiliary capacitor
line, with the auxiliary capacitor line being higher in po-
tential than the COM potential.
[0013] See the case of those equipotential surfaces
and lines of electric forces shown in (a) and (b) of Fig. 9.
At respective ends of two pixel electrodes adjacent to
each other with a space therebetween, there are lines of
electric force inclined from the respective ends toward
the center of the space. In this case, it is possible to align
liquid crystal molecules along an appropriate direction
as will be mentioned later. On the other hand, see the
case of those equipotential surfaces and lines of electric
forces shown in (c) of Fig. 9. At the respective ends of
the two pixel electrodes, there are lines of electric force
inclined from the vicinity of the center of the space to
positions above the respective ends of the pixel elec-
trodes in directions opposite to the lines of electric force
of (b) of Fig. 9. In this case, it is impossible to align liquid
crystal molecules along an appropriate direction as will
be mentioned later.
[0014] Fig. 10 shows the appearance of a disturbance
in alignment due to the PSA step under the Cs-COM
voltage application scheme near a position where a pixel
electrode slit and an auxiliary capacitor line cross each
other. In Fig. 10, the white regions indicate regions of
normal alignment, and the black stripe pattern indicates

dark lines caused by the disturbance in alignment. Such
a disturbance in alignment occurs when, at the PSA step
under the Cs-COM voltage application scheme, a poten-
tial difference obtained by subtracting the potential of the
common electrode (Vcom) from the potential of the aux-
iliary capacitor line (Vcs) is equal in polarity to a potential
difference obtained by subtracting the potential of the
common electrode (Vcom) from the potential of the pixel
electrode (Vd) and the absolute value of a difference be-
tween the potential of the auxiliary capacitor line (Vcs)
and the potential of the common electrode (Vcom) is
greater than the absolute value of a difference between
the potential of the pixel electrode (Vd) and the potential
of the common electrode (Vcom) (i.e., when Vcs-Vcom
is equal in polarity to Vd-Vcom and |Vcs-Vcom|>|Vd-
Vcom|). In this case, the equipotential surfaces are
shaped as shown in (c) of Fig. 9 under the influence of
the potential of the auxiliary capacitor line below the slit;
therefore, it is impossible to give an appropriate pretilt
angle to the liquid crystal molecules. Moreover, such
equipotential surfaces as those shown in (c) of Fig. 9
pose a further problem when the common electrode of
the counter substrate is provided with a liquid crystal
alignment control structure.
[0015] This problem is discussed in more detail below.
Fig. 11 shows the appearance of alignment of liquid crys-
tal molecules in a liquid crystal display device including
an auxiliary capacitor line, a pixel electrode having a slit,
and a common electrode having a projection, (a) showing
the appearance of alignment of liquid crystal molecules
during normal driving, (b) showing alignment of liquid
crystal molecules as formed by the PSA step under the
Cs-COM voltage application scheme. The projection pro-
vided on the common electrode is an alignment control
structure for controlling the pretilt of liquid crystal mole-
cules, as with the slit formed in the pixel electrode. It
should be noted that the alignment control structure pro-
vided to the common electrode is not limited to the pro-
jection and may be a slit.
[0016] In the case of normal driving, as shown in (a)
of Fig. 11, such voltage is applied to the common elec-
trode, the pixel electrode, and the auxiliary capacitor line
that "Potential of Common Electrode (Vcom) = Potential
of Auxiliary Capacitor Line (Vcs)". As a result, those equi-
potential lines in proximity to the slit provided in the pixel
electrode are convex toward the auxiliary capacitor line
(which corresponds to (b) of Fig. 9). In this case, those
liquid crystals aligned near the projection provided on the
common electrode and those liquid crystals aligned near
the slit provided in the pixel electrode lean in the same
direction, so that there occurs no disturbance in align-
ment. As a result, there appear no dark lines.
[0017] Meanwhile, at the PSA step under the Cs-COM
voltage application scheme, as shown in (b) of Fig. 11,
such voltage is applied to the common electrode, the
pixel electrode, and the auxiliary capacitor line that Vcs-
Vcom is equal in polarity to Vd-Vcom and that |Vcs-
Vcom|>|Vd-Vcom|. As a result, those equipotential lines
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in proximity to the slit provided in the pixel electrode are
convex toward the common electrode (which corre-
sponds to (c) of Fig. 9) in a direction opposite to the case
of normal driving. In this case, those liquid crystals
aligned near the projection provided on the common elec-
trode and those liquid crystals aligned near the slit pro-
vided in the pixel electrode lean in opposite directions,
so that there occurs a disturbance in alignment. As a
result, there appear such dark lines as those shown in
Fig. 10.
[0018] That is, the PSA step under the Cs-COM volt-
age application scheme cannot form a pretilt angle uni-
directionally within a single domain formed by aligning
liquid crystal molecules along a predetermined direction
within a single pixel.
[0019] Therefore, after the conventional PSA step, the
pretilt angle is fixed in the state shown in (b) of Fig. 11,
and the dark lines of Fig. 10 appear even during normal
driving, thus ending up inviting deterioration in display
quality.
[0020] Further, even during normal driving of a liquid
crystal display device manufactured by a manufacturing
method not including a PSA step, there occurs a distur-
bance in alignment of those liquid crystals in proximity to
a slit provided in a pixel electrode and intersecting with
an auxiliary capacitor line, when such voltage is applied
to the auxiliary capacitor line that (Potential of Auxiliary
Capacitor Line - Potential of Common Electrode) is equal
in polarity to (Potential of Pixel Electrode - Potential of
Common Electrode) and that |Potential of Auxiliary Ca-
pacitor Line - Potential of Common Electrode| > |Potential
of Pixel Electrode - Potential of Common Electrode|. After
all, there appear such dark lines as those shown in Fig.
10.
[0021] Furthermore, when, in a liquid crystal display
device having such a structure that a scanning signal line
is disposed below a pixel electrode and a slit provided in
the pixel electrode intersects with the scanning signal
line, such voltage is applied to the scanning signal line
that (Potential of Auxiliary Capacitor Line - Potential of
Common Electrode) is equal in polarity to (Potential of
Pixel Electrode - Potential of Common Electrode) and
that |Potential of Auxiliary Capacitor Line - Potential of
Common Electrode| > |Potential of Pixel Electrode - Po-
tential of Common Electrode|, there occurs a disturbance
in alignment of those liquid crystals in proximity to the slit
provided in the pixel electrode and intersecting with the
scanning signal line. After all, there appear such dark
lines as those shown in Fig. 10.
[0022] The present invention has been made in view
of the foregoing problems, and it is an object of the
present invention to provide an active matrix substrate,
a liquid crystal display panel, a liquid crystal display de-
vice, a method for manufacturing an active matrix sub-
strate, a method for manufacturing a liquid crystal display
panel, and a method for driving a liquid crystal display
panel, each of which can achieve a high-quality display
suppressing a disturbance in alignment of liquid crystals.

Solution to Problem

[0023] In order to solve the foregoing problems, an ac-
tive matrix substrate according to the present invention
is an active matrix substrate including: a plurality of scan-
ning signal lines; a plurality of signal wires disposed in
such a way as to intersect with the scanning signal lines;
a pixel section constituted by pixel electrode sections
each provided in correspondence with a combination of
each of the scanning signal lines and each of the signal
wires, the pixel section having an alignment control space
section that controls a state of alignment of liquid crystal
molecules; a switching element that switches a signal
wire as one of the signal wires and a pixel electrode sec-
tion as one of the pixel electrode sections into a conduct-
ing state or a non-conducting state in accordance with a
scanning signal supplied from a scanning signal line as
one of the scanning signal lines; a metal wire, connected
to the switching element, through which when the switch-
ing element is in a conducting state, a data signal from
the signal wire is supplied to the pixel electrode section;
and an auxiliary capacitor line that forms a capacitor with
the pixel electrode section, in a region of intersection be-
tween the alignment control space section and the aux-
iliary capacitor line or the scanning signal line, a metal
layer being provided between a layer of the pixel section
and a layer of the scanning signal line in such a way as
to cover at least the auxiliary capacitor line or the scan-
ning signal line.
[0024] According to the foregoing configuration, the
active matrix substrate includes: a plurality of scanning
signal lines; a plurality of signal wires disposed in such
a way as to intersect with the scanning signal lines; a
pixel section constituted by pixel electrode sections each
provided in correspondence with a combination of each
of the scanning signal lines and each of the signal wires,
the pixel section having an alignment control space sec-
tion that controls a state of alignment of liquid crystal
molecules.
[0025] The pixel electrode sections may each be con-
stituted by a single pixel electrode or a plurality of subpixel
electrodes. Further, the pixel section corresponds to the
group of pixel electrode sections provided at the points
of intersection between the scanning signal lines and the
signal wires. Moreover, the pixel section has, as an align-
ment control space section that changes a state of align-
ment of liquid crystal molecules, an ordinary slit or a fine
slit provided in each of the pixel electrodes constituting
the pixel electrode sections. Alternatively, the pixel sec-
tion may have as an alignment control space section a
space between pixel electrode sections constituting the
pixel section.
[0026] Further, according to the foregoing configura-
tion, the active matrix substrate includes: a switching el-
ement that switches a signal wire as one of the signal
wires and a pixel electrode section as one of the pixel
electrode sections into a conducting state or a non-con-
ducting state in accordance with a scanning signal sup-
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plied from a scanning signal line as one of the scanning
signal lines; a metal wire, connected to the switching el-
ement, through which when the switching element is in
a conducting state, a data signal from the signal wire is
supplied to the pixel electrode section; and an auxiliary
capacitor line that forms a capacitor with the pixel elec-
trode section.
[0027] The switching element is constituted, for exam-
ple, by a TFT, and each of the pixel electrode sections
has such a switching element provided between the pixel
electrode section and the signal wire. The switching el-
ement carries out switching in accordance with a signal
from the scanning signal line to switch the electrical con-
nection between the pixel electrode section and the sig-
nal wire, i.e., to switch the pixel electrode section and the
signal wire between a conducting state and a non-con-
ducting state. The switching element is electrically con-
nected to the pixel electrode section through the metal
wire and, in a conducting state, a voltage corresponding
to a data signal from the signal wire is supplied to the
pixel electrode section. The metal wire is constituted, for
example, as a drain line extending from the drain elec-
trode of the TFT. Furthermore, the auxiliary capacitor line
is provided to form a capacitor with the pixel electrode
section.
[0028] Moreover, according to the foregoing configu-
ration, in a region of intersection between the alignment
control space section and the auxiliary capacitor line or
the scanning signal line, a metal layer is provided be-
tween a layer of the pixel section and a layer of the aux-
iliary capacitor line or of the scanning signal line in such
a way as to cover at least the auxiliary capacitor line or
the scanning signal lines. Examples of the metal layer
include the metal wire extending from the drain electrode,
the signal wire, an intermediate electrode, or a shield
metal formed totally independently. The term "interme-
diate electrode" here means an electrode, connected to
a pixel electrode through a contact hole, which is equal
in potential to the pixel electrode.
[0029] Conventionally, in the case of manufacture of
a liquid crystal display panel having a liquid crystal layer
provided between an active matrix substrate and a coun-
ter substrate, a PSA step may be carried out to form a
pretilt angle of liquid crystal molecules. However, in a
liquid crystal display panel including an auxiliary capac-
itor line, such relationships hold during the PSA step that
(Potential of Auxiliary Capacitor Line - Potential of Com-
mon Electrode) is equal in polarity to (Potential of Pixel
Electrode - Potential of Common Electrode) and that |Po-
tential of Auxiliary Capacitor Line - Potential of Common
Electrode| > |Potential of Pixel Electrode - Potential of
Common Electrode|; therefore, due to the influence of
those equipotential surfaces formed in an area of the
liquid crystal layer around the alignment control space
section, there occurs a defect in alignment of liquid crystal
molecules, and the defect in alignment causes deterio-
ration in display quality.
[0030] Further, conventionally, when, during normal

driving of a liquid crystal display device having an inter-
section between an alignment control space section and
an auxiliary capacitor line (or a scanning signal line), as
well as a liquid crystal display device subjected to the
PSA step, such voltage is applied to the auxiliary capac-
itor line (or the scanning signal line) that (Potential of
Auxiliary Capacitor Line (or Scanning Signal Line) - Po-
tential of Common Electrode) is equal in polarity to (Po-
tential of Pixel Electrode - Potential of Common Elec-
trode) and that |Potential of Auxiliary Capacitor Line (or
Scanning Signal Line) - Potential of Common Electrode|
> |Potential of Pixel Electrode - Potential of Common
Electrode|, there occurs a disturbance in alignment of an
area of the liquid crystal layer around the alignment con-
trol space section intersecting with the auxiliary capacitor
line (or the scanning signal line) and, after all, the distur-
bance in alignment causes deterioration in display qual-
ity.
[0031] On the other hand, the active matrix substrate
of the present invention thus configured allows at least
the auxiliary capacitor line or the scanning signal line to
be covered by the metal layer so that there is no direct
overlap between (i) the open region of the alignment con-
trol space section, i.e., of a slit or of a space between
pixel electrodes and (ii) the auxiliary capacitor line or the
scanning signal line.
[0032] Such a configuration allows the potential of the
metal layer to be set during the PSA step or during normal
driving, for example, to form any one of the following
states of potential: a first state of potential where a po-
tential difference obtained by subtracting the potential of
the common electrode from the potential of the metal
layer is opposite in polarity to a potential difference ob-
tained by subtracting the potential of the common elec-
trode from the potential of the pixel electrode; a second
state of potential where the potential of the metal layer
is equal to the potential of the common electrode; and a
third state of potential where the potential difference ob-
tained by subtracting the potential of the common elec-
trode from the potential of the metal layer is equal in po-
larity to the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the pixel electrode section and where the absolute
value of a difference between the potential of the pixel
electrode section and the potential of the common elec-
trode is greater than or equal to the absolute value of a
difference between the potential of the metal layer and
the potential of the common electrode.
[0033] Thus, in the region of intersection between the
alignment control space section and the auxiliary capac-
itor line (or the scanning signal line), the metal layer
whose potential has been set to form the first, second,
or third state of potential is placed between the layer of
the auxiliary capacitor line (or of the scanning signal line)
and the layer of the pixel electrode; therefore, the influ-
ence of the potential of the auxiliary capacitor line (or of
the scanning signal line) during the PSA step or during
normal driving can be blocked.

7 8 



EP 2 390 718 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0034] Therefore, the active matrix substrate accord-
ing the present invention makes it possible, during man-
ufacture of a liquid crystal display panel, to keep the align-
ment of liquid crystal molecules good and align the liquid
crystal molecules appropriately, with no influence on the
alignment of the liquid crystal molecules by those equi-
potential surfaces formed in an area of the liquid crystal
layer around the alignment control space section inter-
secting with the auxiliary capacitor line (or the scanning
signal line), thus bringing about an effect of achieving an
improvement in display quality of the liquid crystal display
panel.
[0035] Further, a method according to the present in-
vention for manufacturing an active matrix substrate is a
method for manufacturing an active matrix substrate in-
cluding (i) a plurality of scanning signal lines, (ii) a plurality
of signal wires disposed in such a way as to intersect
with the scanning signal lines, (iii) a pixel section consti-
tuted by pixel electrode sections each provided in corre-
spondence with a combination of each of the scanning
signal lines and each of the signal wires, the pixel section
having an alignment control space section that controls
a state of alignment of liquid crystal molecules, (iv) a
switching element that switches a signal wire as one of
the signal wires and a pixel electrode section as one of
the pixel electrode section into a conducting state or a
non-conducting state in accordance with a scanning sig-
nal supplied from a scanning signal line as one of the
scanning signal lines, (v) a metal wire, connected to the
switching element, through which when the switching el-
ement is in a conducting state, a data signal from the
signal wire is supplied to the pixel electrode section, and
(vi) an auxiliary capacitor line that forms a capacitor with
the pixel electrode section, the method including the step
of, in a region of intersection between the alignment con-
trol space section and the auxiliary capacitor line or the
scanning signal line, forming a metal layer in such a way
that the metal layer covers at least the auxiliary capacitor
line or the scanning signal line.
[0036] The foregoing configuration brings about the
same effects as an active matrix substrate according to
the present invention.
[0037] In order to solve the foregoing problems, an ac-
tive matrix substrate according to the present invention
is an active matrix substrate including: a plurality of scan-
ning signal lines; a plurality of signal wires disposed in
such a way as to intersect with the scanning signal lines;
a pixel section constituted by pixel electrode sections
each provided in correspondence with a combination of
each of the scanning signal lines and each of the signal
wires, the pixel section having an alignment control space
section that controls a state of alignment of liquid crystal
molecules; a switching element that switches a signal
wire as one of the signal wires and a pixel electrode sec-
tion as one of the pixel electrode sections into a conduct-
ing state or a non-conducting state in accordance with a
scanning signal supplied from a scanning signal line as
one of the scanning signal lines; and a metal wire, con-

nected to the switching element, through which when the
switching element is in a conducting state, a data signal
from the signal wire is supplied to the pixel electrode sec-
tion, in a region of intersection between the alignment
control space section and the scanning signal line, a met-
al layer being provided between a layer of the pixel sec-
tion and a layer of the scanning signal line in such a way
as to cover at least the scanning signal line.
[0038] According to the foregoing configuration, the
active matrix substrate includes: a plurality of scanning
signal lines; a plurality of signal wires disposed in such
a way as to intersect with the scanning signal lines; a
pixel section constituted by pixel electrode sections each
provided in correspondence with a combination of each
of the scanning signal lines and each of the signal wires,
the pixel section having an alignment control space sec-
tion that controls a state of alignment of liquid crystal
molecules.
[0039] The pixel electrode sections may each be con-
stituted by a single pixel electrode or a plurality of subpixel
electrodes. Further, the pixel section corresponds to the
group of pixel electrode sections provided at the points
of intersection between the scanning signal lines and the
signal wires. Moreover, the pixel section has, as an align-
ment control space section that changes a state of align-
ment of liquid crystal molecules, an ordinary slit or a fine
slit provided in each of the pixel electrode sections con-
stituting the pixel section. Alternatively, the pixel section
may have as an alignment control space section a space
between pixel electrode sections constituting the pixel
section.
[0040] Further, according to the foregoing configura-
tion, the active matrix substrate includes: a switching el-
ement that switches a signal wire as one of the signal
wires and a pixel electrode section as one of the pixel
electrode sections into a conducting state or a non-con-
ducting state in accordance with a scanning signal sup-
plied from a scanning signal line as one of the scanning
signal lines; and a metal wire, connected to the switching
element, through which when the switching element is in
a conducting state, a data signal from the signal wire is
supplied to the pixel electrode section.
[0041] The switching element is constituted, for exam-
ple, by a TFT, and each of the pixel electrode sections
has such a switching element provided between the pixel
electrode section and the signal wire. The switching el-
ement carries out switching in accordance with a signal
from the scanning signal line to switch the electrical con-
nection between the pixel electrode section and the sig-
nal wire, i.e., to switch the pixel electrode section and the
signal wire between a conducting state and a non-con-
ducting state. The switching element is electrically con-
nected to the pixel electrode section through the metal
wire and, in a conducting state, a voltage corresponding
to a data signal from the signal wire is supplied to the
pixel electrode section. The metal wire is constituted, for
example, as a drain line extending from the drain elec-
trode of the TFT.
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[0042] Moreover, according to the foregoing configu-
ration, in a region of intersection between the alignment
control space section and the scanning signal line, a met-
al layer is provided between a layer of the pixel section
and a layer of the scanning signal line in such a way as
to cover at least the scanning signal line. Examples of
the metal layer include the metal wire extending from the
drain electrode, the signal wire, an intermediate elec-
trode, or a shield metal formed totally independently.
[0043] Conventionally, when, during normal driving or
manufacturing process of a liquid crystal display device
having an intersection between an alignment control
space section and a scanning signal line, such voltage
is applied to the scanning signal line that (Potential of
Scanning Signal Line - Potential of Common Electrode)
is equal in polarity to (Potential of Pixel Electrode - Po-
tential of Common Electrode) and that |Potential of Scan-
ning Signal Line - Potential of Common Electrode| > |Po-
tential of Pixel Electrode - Potential of Common Elec-
trode|, there occurs a disturbance in alignment of an area
of the liquid crystal layer around the alignment control
space section intersecting with the scanning signal line,
and the disturbance in alignment causes deterioration in
display quality.
[0044] On the other hand, the active matrix substrate
of the present invention thus configured allows at least
the scanning signal line to be covered by the metal layer
so that there is no direct overlap between (i) the open
region of the alignment control space section, i.e., of a
slit or of a space between pixel electrodes and (ii) the
scanning signal line. This metal layer is a metal layer
whose potential can be set, for example, to form a first
state of potential where a potential difference obtained
by subtracting the potential of the common electrode from
the potential of the metal layer is opposite in polarity to
a potential difference obtained by subtracting the poten-
tial of the common electrode from the potential of the
pixel electrode; a second state of potential where the
potential of the metal layer is equal to the potential of the
common electrode; or a third state of potential where the
potential difference obtained by subtracting the potential
of the common electrode from the potential of the metal
layer is equal in polarity to the potential difference ob-
tained by subtracting the potential of the common elec-
trode from the potential of the pixel electrode section and
where the absolute value of a difference between the
potential of the pixel electrode section and the potential
of the common electrode is greater than or equal to the
absolute value of a difference between the potential of
the metal layer and the potential of the common elec-
trode.
[0045] Thus, in the region of intersection between the
alignment control space section and the scanning signal
line, the metal layer whose potential has been set to form
the first, second, or third state of potential is placed be-
tween the layer of the scanning signal line and the layer
of the pixel electrode; therefore, the influence of the po-
tential of the scanning signal line can be blocked.

[0046] Therefore, the active matrix substrate accord-
ing the present invention makes it possible, during man-
ufacture of a liquid crystal display panel, to keep the align-
ment of liquid crystal molecules good and align the liquid
crystal molecules appropriately, with no influence on the
alignment of the liquid crystal molecules by those equi-
potential surfaces formed in an area of the liquid crystal
layer around the alignment control space section inter-
secting with the scanning signal line, thus bringing about
an effect of achieving an improvement in display quality
of the liquid crystal display panel.
[0047] Further, a method according to the present in-
vention for manufacturing an active matrix substrate is a
method for manufacturing an active matrix substrate in-
cluding (i) a plurality of scanning signal lines, (ii) a plurality
of signal wires disposed in such a way as to intersect
with the scanning signal lines, (iii) a pixel section consti-
tuted by pixel electrode sections each provided in corre-
spondence with a combination of each of the scanning
signal lines and each of the signal wires, the pixel section
having an alignment control space section that controls
a state of alignment of liquid crystal molecules, (iv) a
switching element that switches a signal wire as one of
the signal wires and a pixel electrode section as one of
the pixel electrode sections into a conducting state or a
non-conducting state in accordance with a scanning sig-
nal supplied from a scanning signal line as one of the
scanning signal lines, and (v) a metal wire, connected to
the switching element, through which when the switching
element is in a conducting state, a data signal from the
signal wire is supplied to the pixel electrode section, the
method including the step of, in a region of intersection
between the alignment control space section and the
scanning signal line, forming a metal layer between a
layer of the pixel section and a layer of the scanning signal
line in such a way that the metal layer covers at least the
scanning signal line.
[0048] The foregoing configuration brings about the
same effects as an active matrix substrate according to
the present invention.
[0049] Further, the active matrix substrate according
to the present invention is preferably configured such that
the metal layer is constituted to include at least either the
metal wire or the signal wire.
[0050] The foregoing configuration makes it possible
to concurrently form the metal layer in the manufacturing
step of forming the metal wire or the signal wire.
[0051] This makes it possible to form the metal layer
without an increase in the number of manufacturing
steps, thus bringing down manufacturing costs.
[0052] Further, the active matrix substrate according
to the present invention is preferably configured such that
the alignment control space section is a long narrow hole
formed individually in the pixel electrode section.
[0053] Further, the active matrix substrate according
to the present invention is preferably configured such that
the alignment control space section is a space formed
between one and another of the plurality of pixel electrode
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sections constituting the pixel section.
[0054] Further, the active matrix substrate according
to the present invention is preferably configured such that
the alignment control space section is a long narrow hole
formed by making a cut in the pixel electrode section.
[0055] Further, the active matrix substrate according
to the present invention is preferably configured such that
the pixel electrode section is a multi-pixel electrode in-
cluding a plurality of subpixel electrodes and is driven by
a pixel division method.
[0056] According to the foregoing configuration, the
pixel electrode section is a multi-pixel electrode com-
posed of a plurality of subpixel electrodes and is driven
by a pixel division method.
[0057] This makes it possible to express a halftone by
composing each pixel of a high-luminance subpixel and
a low-luminance subpixel, thus improving the depend-
ence of gamma characteristics on viewing angles (e.g.,
excess brightness). Moreover, the provision of the active
matrix substrate makes it possible to prevent a defect in
alignment in the region of intersection between the align-
ment control space section and the auxiliary capacitor
line during the PSA step and actual driving, so that there
is no deterioration in display quality.
[0058] Further, the active matrix substrate according
to the present invention is preferably configured such that
in the region of intersection between the alignment con-
trol space section and the auxiliary capacitor line, a drain
line serving as the metal wire and extending from the
switching element formed in a corner portion of the pixel
electrode section to the auxiliary capacitor line disposed
in such a way as to pass transversely across the pixel
electrode section is provided with a covering section that
covers at least the auxiliary capacitor line.
[0059] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the scanning signal line is disposed in such a way
as to pass transversely across the pixel electrode sec-
tion; the auxiliary capacitor line is disposed in such a way
as to pass transversely across the pixel electrode section
substantially in parallel with the scanning signal line; a
drain line serving as the metal wire extends from the
switching element formed in the pixel electrode section
to at least either the region of intersection between the
alignment control space section and the auxiliary capac-
itor line disposed in such a way as to pass transversely
across the pixel electrode section or the region of inter-
section between the alignment control space section and
the scanning signal line; and a covering section that cov-
ers at least the auxiliary capacitor line and the scanning
signal line in the respective regions is provided as part
of the drain line.
[0060] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the scanning signal line is disposed in such a way
as to pass transversely along an edge of the pixel elec-
trode section; the auxiliary capacitor line is disposed in
such a way as to pass transversely across a center of

the pixel electrode section substantially in parallel with
the scanning signal line; and a drain line serving as the
metal wire and extending from the switching element
formed in a corner portion of the pixel electrode section
to at least either the region of intersection between the
alignment control space section and the auxiliary capac-
itor line disposed in such a way as to pass transversely
across the pixel electrode section or the region of inter-
section between the alignment control space section and
the scanning signal line is provided with a covering sec-
tion that covers at least the auxiliary capacitor line and
the scanning signal line in the respective regions.
[0061] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the scanning signal line is disposed in such a way
as to pass transversely across a center of the pixel elec-
trode section; the auxiliary capacitor line is disposed in
such a way as to pass transversely along an edge of the
pixel electrode section substantially in parallel with the
scanning signal line; and a drain line serving as the metal
wire and extending from the switching element formed
in a side edge portion of the pixel electrode section to at
least either the region of intersection between the align-
ment control space section and the auxiliary capacitor
line disposed in such a way as to pass transversely
across the pixel electrode section or the region of inter-
section between the alignment control space section and
the scanning signal line is provided with a covering sec-
tion that covers at least the auxiliary capacitor line and
the scanning signal line in the respective regions.
[0062] Further, the active matrix substrate according
to the present invention is preferably configured such that
the pixel electrode section has its longer sides extending
substantially in parallel with the scanning signal line.
[0063] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the auxiliary capacitor line is provided in such a way
as to overlap a site where another alignment control
space section adjoining the alignment control space sec-
tion within each of the pixel electrode sections are close
to the alignment control space section at a sharp angle;
and in the region of intersection between the auxiliary
capacitor line and those of the other alignment control
space section and the alignment control space section,
a drain line serving as the metal wire and extending from
the switching element formed in a corner portion of the
pixel electrode section to the auxiliary capacitor line is
provided with a covering section that covers at least the
auxiliary capacitor line.
[0064] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the auxiliary capacitor line is provided in such a way
as to pass transversely across the alignment control
space section formed as a space between the plurality
of pixel electrode sections; and in the region of intersec-
tion between the alignment control space section and the
auxiliary capacitor line, a drain line serving as the metal
wire and extending from the switching element formed
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in a corner portion of the pixel electrode section to the
auxiliary capacitor line is provided with a covering section
that covers at least the auxiliary capacitor line.
[0065] Further, the active matrix substrate according
to the present invention is preferably configured such
that: the auxiliary capacitor line is provided in such a way
as to pass transversely across the alignment control
space section formed as a space between the plurality
of pixel electrode sections; and in the region of intersec-
tion between the alignment control space section and the
auxiliary capacitor line, a data signal line serving as the
signal line and extending from the switching element
formed in a corner portion of the pixel electrode section
in such a way as to intersect with the auxiliary capacitor
line is provided with a covering section that covers at
least the auxiliary capacitor line.
[0066] Further, the active matrix substrate according
to the present invention is preferably configured such that
in the region of intersection between the alignment con-
trol space section and the scanning signal line, a drain
line serving as the metal wire and extending from the
switching element formed in the pixel electrode section
to the scanning signal line disposed in such a way as to
pass transversely across the pixel electrode section is
provided with a covering section that covers at least the
scanning signal line.
[0067] A liquid crystal display panel according to the
present invention includes: such an active matrix sub-
strate as described above; a counter substrate provided
with a common electrode; and a liquid crystal layer sand-
wiched between the active matrix substrate and the coun-
ter substrate.
[0068] According to the foregoing configuration, the
active matrix substrate can block the influence of the po-
tential of the scanning signal line or of the auxiliary ca-
pacitor line in the region of intersection between the align-
ment control section and the scanning signal line or the
auxiliary capacitor line during normal driving or at the
PSA step in the process of manufacture. This makes it
possible to keep the alignment of liquid crystal molecules
good and align the liquid crystal molecules appropriately,
thus making it possible to achieve a liquid crystal display
panel of high display quality.
[0069] The liquid crystal display panel according to the
present invention is preferably configured such that the
counter substrate includes an alignment control section
that controls a state of alignment of liquid crystal mole-
cules.
[0070] In the liquid crystal display panel thus config-
ured, the counter substrate includes an alignment control
section. The alignment control section may be, but is not
particularly limited to, a rib or a slit.
[0071] This allows the alignment of liquid crystal mol-
ecules within the liquid crystal layer to be controlled, i.e.,
the liquid crystal molecules to be given a desired align-
ment. Moreover, the provision of the active matrix sub-
strate makes it possible to prevent a defect in alignment
in the region of intersection between the alignment con-

trol space section and the scanning signal line or the
auxiliary capacitor line during normal driving, at the PSA
step in the process of manufacture, etc., so that there is
no deterioration in display quality.
[0072] A liquid crystal display device according to the
present invention includes: such a liquid crystal display
panel as described above; and a driving circuit that drives
the liquid crystal display panel.
[0073] According to the foregoing configuration, the
active matrix substrate can block the influence of the po-
tential of the scanning signal line or of the auxiliary ca-
pacitor line in the region of intersection between the align-
ment control section and the scanning signal line or the
auxiliary capacitor line during normal driving or at the
PSA step in the process of manufacture. This makes it
possible to keep the alignment of liquid crystal molecules
good and give an appropriate pretilt angle to the liquid
crystal molecules, thus making it possible to achieve a
liquid crystal display device of high display quality.
[0074] A method according to the present invention for
manufacturing a liquid crystal display panel is a method
for manufacturing such a liquid crystal display panel as
described above, the method preferably including a pol-
ymer alignment supporting step of giving a pretilt angle
to liquid crystal molecules of the liquid crystal layer by
polymerizing monomers mixed in advance into the liquid
crystal layer, with voltage being applied to the liquid crys-
tal layer in any one of the following states of potential: a
first state of potential where a potential difference ob-
tained by subtracting a potential of the common electrode
from a potential of the metal layer is opposite in polarity
to a potential difference obtained by subtracting the po-
tential of the common electrode from a potential of the
pixel electrode section; a second state of potential where
the potential of the metal layer is equal to the potential
of the common electrode; and a third state of potential
where the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the metal layer is equal in polarity to the potential dif-
ference obtained by subtracting the potential of the com-
mon electrode from the potential of the pixel electrode
section and where an absolute value of a difference be-
tween the potential of the pixel electrode section and the
potential of the common electrode is greater than or equal
to an absolute value of a difference between the potential
of the metal layer and the potential of the common elec-
trode.
[0075] The foregoing configuration allows the scan-
ning signal line or the auxiliary capacitor line to be cov-
ered by the metal layer so that there is no direct overlap
between (i) the open region of the alignment control
space section, i.e., of a slit or of a space between pixel
electrodes and (ii) the scanning signal line or the auxiliary
capacitor line.
[0076] Moreover, at the polymer alignment supporting
step, i.e., at the PSA step, the potential of the metal layer
can be set to form the first state of potential where the
potential difference obtained by subtracting the potential
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of the common electrode from the potential of the metal
layer is opposite in polarity to the potential difference ob-
tained by subtracting the potential of the common elec-
trode from the potential of the pixel electrode section, the
second state of potential where the potential of the metal
layer is equal to the potential of the common electrode,
or the third state of potential where the potential differ-
ence obtained by subtracting the potential of the common
electrode from the potential of the metal layer is equal in
polarity to the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the pixel electrode section and where the absolute
value of the difference between the potential of the pixel
electrode section and the potential of the common elec-
trode is greater than or equal to the absolute value of the
difference between the potential of the metal layer and
the potential of the common electrode.
[0077] Thus, in the region of intersection between the
alignment control space section and the scanning signal
line or the auxiliary capacitor line, the metal layer whose
potential has been set to form the first, second, or third
state of potential is placed between the layer of the scan-
ning signal line or of the auxiliary capacitor line and the
layer of the pixel electrode; therefore, the influence of the
potential of the scanning signal line or of the auxiliary
capacitor line can be blocked.
[0078] Therefore, the method according to the present
invention for manufacturing a liquid crystal display panel
makes it possible to keep the alignment of liquid crystal
molecules good and align the liquid crystal molecules
appropriately, with no influence on the alignment of the
liquid crystal molecules by those equipotential surfaces
formed in an area of the liquid crystal layer around the
alignment control space section intersecting with the
scanning signal line or the auxiliary capacitor line, thus
bringing about an effect of achieving an improvement in
display quality of the liquid crystal display panel.
[0079] A method according to the present invention for
driving a liquid crystal display panel is a method for driving
such a liquid crystal display panel as described above,
the method preferably including applying voltage to the
liquid crystal layer in any one of the following states of
potential: a first state of potential where a potential dif-
ference obtained by subtracting a potential of the com-
mon electrode from a potential of the metal layer is op-
posite in polarity to each other a potential difference ob-
tained by subtracting the potential of the common elec-
trode from a potential of the pixel electrode section; a
second state of potential where the potential of the metal
layer is equal to the potential of the common electrode;
and a third state of potential where the potential differ-
ence obtained by subtracting the potential of the common
electrode from the potential of the metal layer is equal in
polarity to the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the pixel electrode section and where an absolute val-
ue of a difference between the potential of the pixel elec-
trode section and the potential of the common electrode

is greater than or equal to an absolute value of a differ-
ence between the potential of the metal layer and the
potential of the common electrode.
[0080] The foregoing configuration allows the auxiliary
capacitor line or the scanning signal line to be covered
by the metal layer so that there is no direct overlap be-
tween (i) the open region of the alignment control space
section, i.e., of a slit or of a space between pixel elec-
trodes and (ii) the auxiliary capacitor line or the scanning
signal line.
[0081] Moreover, during actual driving of the liquid
crystal display panel, the potential of the metal layer can
be set to form the first state of potential where the poten-
tial difference obtained by subtracting the potential of the
common electrode from the potential of the metal layer
is opposite in polarity to the potential difference obtained
by subtracting the potential of the common electrode from
the potential of the pixel electrode section, the second
state of potential where the potential of the metal layer
is equal to the potential of the common electrode, or the
third state of potential where the potential difference ob-
tained by subtracting the potential of the common elec-
trode from the potential of the metal layer is equal in po-
larity to the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the pixel electrode section and where the absolute
value of the difference between the potential of the pixel
electrode section and the potential of the common elec-
trode is greater than or equal to the absolute value of the
difference between the potential of the metal layer and
the potential of the common electrode.
[0082] Thus, in the region of intersection between the
alignment control space section and the scanning signal
line or the auxiliary capacitor line, the metal layer whose
potential has been set to form the first, second, or third
state of potential is placed between the layer of the scan-
ning signal line or of the auxiliary capacitor line and the
layer of the pixel electrode; therefore, the influence of the
potential of the scanning signal line or of the auxiliary
capacitor line can be blocked.
[0083] Therefore, the method according to the present
invention for driving a liquid crystal display panel makes
it possible to keep the alignment of liquid crystal mole-
cules good and align the liquid crystal molecules appro-
priately, with no influence on the alignment of the liquid
crystal molecules by those equipotential surfaces formed
in an area of the liquid crystal layer around the alignment
control space section intersecting with the scanning sig-
nal line or the auxiliary capacitor line, thus bringing about
an effect of achieving an improvement in display quality
of the liquid crystal display panel.

Advantageous Effects of Invention

[0084] In order to solve the foregoing problems, an ac-
tive matrix substrate according to the present invention
is an active matrix substrate including: a plurality of scan-
ning signal lines; a plurality of signal wires disposed in

17 18 



EP 2 390 718 A1

11

5

10

15

20

25

30

35

40

45

50

55

such a way as to intersect with the scanning signal lines;
a pixel section constituted by pixel electrode sections
each provided in correspondence with a combination of
each of the scanning signal lines and each of the signal
wires, the pixel section having an alignment control space
section that controls a state of alignment of liquid crystal
molecules; a switching element that switches a signal
wire as one of the signal wires and a pixel electrode sec-
tion as one of the pixel electrode sections into a conduct-
ing state or a non-conducting state in accordance with a
scanning signal supplied from a scanning signal line as
one of the scanning signal lines; a metal wire, connected
to the switching element, through which when the switch-
ing element is in a conducting state, a data signal from
the signal wire is supplied to the pixel electrode section;
and an auxiliary capacitor line that forms a capacitor with
the pixel electrode section, in a region of intersection be-
tween the alignment control space section and the aux-
iliary capacitor line or the scanning signal line, a metal
layer being provided between a layer of the pixel section
and a layer of the scanning signal line in such a way as
to cover at least the auxiliary capacitor line or the scan-
ning signal line.
[0085] In order to solve the foregoing problems, an ac-
tive matrix substrate according to the present invention
is an active matrix substrate including: a plurality of scan-
ning signal lines; a plurality of signal wires disposed in
such a way as to intersect with the scanning signal lines;
a pixel section constituted by pixel electrode sections
each provided in correspondence with a combination of
each of the scanning signal lines and each of the signal
wires, the pixel section having an alignment control space
section that controls a state of alignment of liquid crystal
molecules; a switching element that switches a signal
wire as one of the signal wires and a pixel electrode sec-
tion as one of the pixel electrode sections into a conduct-
ing state or a non-conducting state in accordance with a
scanning signal supplied from a scanning signal line as
one of the scanning signal lines; and a metal wire, con-
nected to the switching element, through which when the
switching element is in a conducting state, a data signal
from the signal wire is supplied to the pixel electrode sec-
tion, in a region of intersection between the alignment
control space section and the scanning signal line, a met-
al layer being provided between a layer of the pixel sec-
tion and a layer of the scanning signal line in such a way
as to cover at least the scanning signal line.
[0086] Therefore, in the region of intersection between
the alignment control space section and the scanning
signal line or the auxiliary capacitor line, the metal layer
whose potential has been set to form (i) a first state of
potential where a potential difference obtained by sub-
tracting the potential of the common electrode from the
potential of the metal layer is opposite in polarity to a
potential difference obtained by subtracting the potential
of the common electrode from the potential of the pixel
electrode section, (ii) a second state of potential where
the potential of the metal layer is equal to the potential

of the common electrode, and (iii) a third state of potential
where the potential difference obtained by subtracting
the potential of the common electrode from the potential
of the metal layer is equal in polarity to the potential dif-
ference obtained by subtracting the potential of the com-
mon electrode from the potential of the pixel electrode
section and where the absolute value of a difference be-
tween the potential of the pixel electrode section and the
potential of the common electrode is greater than or equal
to the absolute value of a difference between the potential
of the metal layer and the potential of the common elec-
trode, is placed between the layer of the scanning signal
line or of the auxiliary capacitor line and the layer of the
pixel electrode; therefore, the influence of the potential
of the scanning signal line or of the auxiliary capacitor
line during normal driving or at a PSA step in the process
of manufacture can be blocked.
[0087] This makes it possible to keep the alignment of
liquid crystal molecules good and align the liquid crystal
molecules appropriately, with no influence on the align-
ment of the liquid crystal molecules by those equipoten-
tial surfaces formed in an area of the liquid crystal layer
around the alignment control space section intersecting
with the scanning signal line or the auxiliary capacitor
line, thus bringing about an effect of achieving an im-
provement in display quality of the liquid crystal display
panel.

Brief Description of Drawings

[0088]

Fig. 1
Fig. 1 is a cross-sectional view schematically show-
ing the configuration of a main part of a liquid crystal
display panel according to the present embodiment.
Fig. 2
Fig. 2 includes block diagrams (a) and (b) each sche-
matically showing the configuration of a liquid crystal
display device according to the present embodiment,
(a) showing a liquid crystal display device that is driv-
en by using auxiliary capacitors, (b) showing a liquid
crystal display device that is driven without using
auxiliary capacitors.
Fig. 3
Fig. 3 includes plan views (a) to (e) schematically
showing example configurations of liquid crystal dis-
play panels having pixel electrodes provided with or-
dinary slits according to the present embodiment,
respectively.
Fig. 4a
Fig. 4a is a plan view schematically showing the con-
figuration of a liquid crystal display panel provided
with an inter-pixel slit according to the present em-
bodiment.
Fig. 4b
Fig. 4b is a cross-sectional view schematically show-
ing the configuration of the liquid crystal display pan-
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el shown in Fig. 4a.
Fig. 5
Fig. 5 is a plan view schematically showing the con-
figuration of another liquid crystal display panel pro-
vided with an inter-pixel slit according to the present
embodiment.
Fig. 6
Fig. 6 is a plan view schematically showing the con-
figuration of a liquid crystal display panel having a
pixel electrode provided with fine slits according to
the present embodiment.
Fig. 7
Fig. 7 includes (a) a plan view showing the configu-
ration of a liquid crystal display panel having a pixel
structure of horizontally long pixel elements accord-
ing to the present embodiment, with a scanning sig-
nal line formed in the center of each pixel electrode,
and (b) a plan view showing the configuration of a
liquid crystal display panel having a pixel structure
of horizontally long pixel elements according to the
present embodiment, with each pixel electrode over-
lapping a scanning signal line in the vicinity of a long-
er side.
Fig. 8
Fig. 8 shows the configuration of a liquid crystal dis-
play panel having a multi-pixel structure according
to the present embodiment.
Fig. 9
Fig. 9 shows those lines of electric force and equi-
potential surfaces in proximity to a slit between a
pixel electrode provided with the slit and a counter
substrate, (a) showing those lines of electric force
and equipotential surfaces in a region where the slit
does not intersect with an auxiliary capacitor line, (b)
showing those lines of electric force and equipoten-
tial surfaces in a region of intersection between the
slit and an auxiliary capacitor line, with the auxiliary
capacitor line being equal in potential to a COM po-
tential, (c) showing those lines of electric force and
equipotential surfaces in the region of intersection
between the slit and the auxiliary capacitor line, with
the auxiliary capacitor line being higher in potential
than the COM potential.
Fig. 10
Fig. 10 shows the appearance of a disturbance in
alignment due to a PSA step under a Cs-COM volt-
age application scheme.
Fig. 11
Fig. 11 shows the appearance of alignment of liquid
crystal molecules in a liquid crystal display device
including an auxiliary capacitor line, a pixel electrode
having a slit, and a common electrode having a pro-
jection, (a) showing the appearance of alignment of
liquid crystal molecules during normal driving, (b)
showing alignment of liquid crystal molecules as
formed by the PSA step under the Cs-COM voltage
application scheme.
Fig. 12

Fig. 12 is a block diagram schematically showing the
configuration of another liquid crystal display device
according to the present embodiment.

Description of Embodiments

(Overview of a Liquid Crystal Display Device 1)

[0089] An embodiment of the present invention is de-
scribed below with reference to Figs. 1 through 8. First,
an overview of a liquid crystal display device 1 according
to the present embodiment is given. Fig. 1 is a cross-
sectional view schematically showing the configuration
of a main part of a liquid crystal display panel 2 according
to the present embodiment. Fig. 2 includes block dia-
grams (a) and (b) each schematically showing the con-
figuration of a liquid crystal display device according to
the present embodiment, (a) showing a liquid crystal dis-
play device 1 that is driven by using auxiliary capacitors,
(b) showing a liquid crystal display device 1’ that is driven
without using auxiliary capacitors.
[0090] As shown in (a) of Fig. 2, the liquid crystal dis-
play device 1 according to the present embodiment in-
cludes a liquid crystal display panel 2, a driving circuit for
driving the liquid crystal display panel 2, a control circuit
3 for controlling driving of the driving circuit, and, as need-
ed, a backlight unit (not illustrated), etc.
[0091] The driving circuit includes a gate driving circuit
4 for driving scanning signal lines (gate bus lines) 21 in
the liquid crystal display panel 2, a source driving circuit
5 for driving data signal lines (signal wires, source bus
lines) 22 in the liquid crystal display panel 2, and a Cs
driving circuit 6 for driving auxiliary capacitor lines (Cs
bus lines) 14 in the liquid crystal display panel 2.
[0092] The gate driving circuit 4, the source driving cir-
cuit 5, and the Cs driving circuit 6 are electrically con-
nected to the scanning signal lines 21, the data signal
lines 22, and the auxiliary capacitor lines 14, respectively,
and are designed to give potentials to their respective
bus lines independently of outside. These driving circuits
are each electrically connected to the control circuit 3,
and are controlled by control signals and video signals
supplied from the control circuit 3.
[0093] The scanning signal lines 21 and the data signal
lines 22 intersect with each other as shown in (a) of Fig.
2. Each of those regions surrounded by the scanning
signal lines 21 and the data signal lines 22 corresponds
to a single pixel. The liquid crystal display panel 2 in-
cludes an active matrix substrate 10 (thin-film transistor
substrate), which will be described later, and a counter
substrate 20. The active matrix substrate 10 has a plu-
rality of pixels 7 arrayed in a matrix manner. Further, as
will be described in detail later, the pixels 7 are each
constituted by a pixel electrode and a switching element.
It should be noted that the term "pixel section" in the
Claims corresponds to a group of pixels 7 arrayed in a
matrix manner and that the term "pixel electrode section"
in the Claims corresponds to a pixel electrode constitut-
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ing each pixel 7.
[0094] The liquid crystal display device 1’ shown in (b)
of Fig. 2 differs from the liquid crystal display device 1
shown in (a) of Fig. 2 only in the absence of auxiliary
capacitor lines (Cs bus lines) 14 and a driving circuit 6
for driving them. The other components of the liquid crys-
tal display device 1’ have the same functions as those of
the liquid crystal display device 1. Therefore, the liquid
crystal display device 1’ is not described here.

(Active Matrix Substrate 10)

[0095] A characteristic configuration of the active ma-
trix substrate 10 is described with reference to Fig. 1. As
shown in Fig. 1, the active matrix substrate 10 constitutes
the liquid crystal display panel 2 in combination with the
counter substrate 20 and a liquid crystal layer 30. The
active matrix substrate 10 includes a transparent insu-
lating substrate 11, pixel electrodes 12, drain lines (metal
wires) 13, and the auxiliary capacitor lines 14. The pixel
electrodes 12 are each provided with a slit (alignment
control space section) 15. The provision of the slit 15
causes a change in the shape of equipotential surfaces,
thereby controlling the orientation of alignment of liquid
crystal molecules.
[0096] Moreover, as shown in Fig. 1, the active matrix
substrate 10 is characterized in that in a region of in-
tersection between a slit 15 in a pixel electrode 12 and
a scanning signal line 21 or an auxiliary capacitor line
14, a metal layer constituted by a drain line 13 is provided
in such a way as to cover at least the scanning signal
line 21 or the auxiliary capacitor line 14.
[0097] Alternatively, the active matrix substrate 10
may also be configured such that in a region of intersec-
tion between a slit 15 in a pixel electrode 12 and a scan-
ning signal line 21 or an auxiliary capacitor line 14, a
metal layer constituted by a data signal line 22 is provided
in such a way as to cover the scanning signal line 21 or
the auxiliary capacitor line 14.
[0098] Alternatively, the active matrix substrate 10
may also be configured such that in a region of intersec-
tion between a slit 15 in a pixel electrode 12 and a scan-
ning signal line 21 or an auxiliary capacitor line 14, a
metal layer constituted by an intermediate electrode or
by an independent shield metal is provided in such a way
as to cover the scanning signal line 21 or the auxiliary
capacitor line 14.
[0099] In the case of formation of the metal layer by
an independent shield metal, a shield-metal voltage driv-
ing circuit is provided to freely set the potential of the
metal layer in the most preferable one of first to third
states of potential, which will be described later. Fig. 12
shows a liquid crystal display device 1A obtained by in-
corporating a shield-metal voltage driving circuit 41 into
a liquid crystal display device 1 as shown in (a) of Fig. 2.
[0100] In Fig. 12, the shield-metal voltage driving cir-
cuit 41 is disposed opposite the source driving circuit 5
across the liquid crystal display panel 2. This does not

imply any limitation, and it is possible to use any circuit
layout.
[0101] A process for manufacturing an active matrix
substrate includes the step of, in a region of intersection
between a slit 15 in a pixel electrode 12 and an auxiliary
capacitor line 14 or a scanning signal line 21, forming at
least a data signal line 22, a drain line 13, an intermediate
electrode, or an independent shield metal between a lay-
er of the pixel electrode 12 and a layer of the auxiliary
capacitor line 14 or of the scanning signal line 21 in such
a way that at least the auxiliary capacitor line 14 or the
scanning signal line 21 is covered.

(PSA Step)

[0102] For an improvement in display performance of
a liquid crystal display device, it is necessary, at the stage
of manufacturing the liquid crystal display panel, to con-
trol a pretilt angle for a satisfactory state of alignment of
liquid crystal molecules. An example of a method for con-
trolling a pretilt angle is a PSA (polymer sustained align-
ment) treatment. The PSA treatment is a process by
which the direction in which the liquid crystals lean is
memorized by mixing polymerizable monomers into the
liquid crystals and polymerizing the monomers with light,
heat, or the like in the presence of voltage being applied
to the liquid crystals. This makes it possible to achieve a
structure that is faster in response speed and unlikely to
suffer from a disturbance in liquid crystal alignment, for
example, even when pressed with a finger, even if the
structure is based on a pixel design that is weak in align-
ment controllability for the purpose of a larger aperture
ratio or the like.
[0103] Further, a liquid crystal display panel of the CS-
COM voltage application type, i.e., a type of liquid crystal
display panel that is driven by applying voltage to each
auxiliary capacitor line (CS) and a common electrode
(COM) and thereby applying voltage between each pixel
electrode and the common electrode via an auxiliary ca-
pacitor, has conventionally been configured as shown in
Fig. 11. In the case of normal driving of a liquid crystal
display panel of the CS-COM voltage application type,
those liquid crystals aligned near a projection provided
on the common electrode and those liquid crystals
aligned near a slit provided in the pixel electrode lean in
the same direction, as shown in (a) of Fig. 11.
[0104] However, in such a conventional configuration,
those liquid crystals aligned near the projection provided
on the common electrode and those liquid crystals
aligned near the slit provided in the pixel electrode lean
in opposite directions, as shown in (b) of Fig. 11, due to
voltage that is applied to the common electrode, the pixel
electrode, and the auxiliary capacitor line at a PSA step
in the process of manufacturing the liquid crystal display
panel.
[0105] On the other hand, because of the active matrix
substrate 10 configured as described above, the liquid
crystal display panel 2 according to the present invention
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makes it possible to give a desired pretilt angle to liquid
crystal molecules at a PSA step in the process of man-
ufacturing the liquid crystal display panel 2. The liquid
crystal display panel 2 according to the present invention
is described in more detail below.

(Liquid Crystal Display Panel 2)

[0106] The liquid crystal display panel 2 has a pair of
substrates disposed to face each other, namely the active
matrix substrate 10 and the counter substrate 20, with
the liquid crystal layer 30 sandwiched between the active
matrix substrate 10 and the counter substrate 20. Wave
plates and polarizing plates (not illustrated) may be pro-
vided as needed on the outer surfaces of the active matrix
substrate 10 and the counter substrate 20 (on those sur-
faces of the active matrix substrate 10 and the counter
substrate 20 which face away from those surfaces of the
active matrix substrate 10 and the counter substrate 20
which face each other).
[0107] The counter substrate 20 includes a transpar-
ent insulating substrate 16 and a common electrode 17.
The common electrode 17 has a rib 18 provided on a
surface thereof which faces a pixel electrode 12. The
provision of the rib 18 gives a pretilt angle to those liquid
crystal molecules located near the rib and, upon appli-
cation of voltage, allows the other liquid crystal molecules
to align themselves along the alignment of those liquid
crystal molecules given the pretilt angle. Therefore, the
provision of the rib 18 on a surface of the liquid crystal
layer makes it possible to more stably control the orien-
tation of alignment of the liquid crystal molecules by ap-
plying voltage.
[0108] The common electrode 17, formed substantially
all over the transparent insulating substrate 16, is used
as an electrode common to all the pixels 7 (i.e., as a
common electrode). Moreover, an electric field is applied
to the liquid crystal layer 30 by voltage applied to the
common electrode 17 and the pixel electrode 12, where-
by the liquid crystal layer 30 has its optical transmittance
modulated so that an image is formed.
[0109] Although, in the present embodiment, a struc-
ture for controlling the alignment of liquid crystal mole-
cules is prepared by providing the common electrode 17
with the rib 18, such a structure may be prepared by
providing a slit instead of the rib (alignment control sec-
tion) 18. Further, in the liquid crystal display panel 2, such
a structure needs only be prepared by providing the pixel
electrode 12 with a slit, and the common electrode 17
does not necessarily need be provided with such a struc-
ture.
[0110] Moreover, as described above, the liquid crystal
display panel 2 includes the active matrix substrate 10
wherein in a region of intersection between a slit 15 and
an auxiliary capacitor line 14 or a scanning signal line
21, at least a data signal line 22 or a drain line 13 is
provided between a layer of a pixel electrode 12 and a
layer of the auxiliary capacitor line 14 or of the scanning

signal line 21 in such a way as to cover at least the aux-
iliary capacitor line 14 or the scanning signal line 21.
[0111] This configuration allows at least the auxiliary
capacitor line 14 or the scanning signal line 21 to be cov-
ered by the metal layer such as the data signal line 22,
the drain line 13, the intermediate electrode, or the inde-
pendent shield metal so that there is no direct overlap
between the slit 15 and the auxiliary capacitor line 14 or
the scanning signal line 21.
[0112] Moreover, at the PSA step in the process of
manufacturing the liquid crystal display panel 2, for ex-
ample, such voltage may be applied to the auxiliary ca-
pacitor line 14 or the scanning signal line 21 that (Poten-
tial of Auxiliary Capacitor Line 14 (Scanning Signal Line
21) - Potential of Common Electrode 17) is equal in po-
larity to (Potential of Pixel Electrode 12 - Potential of Com-
mon Electrode 17) and that |Potential of Auxiliary Capac-
itor Line 14 (Scanning Signal Line 21) - Potential of Com-
mon Electrode 17| > |Potential of Pixel Electrode 12 -
Potential of Common Electrode 17|. In such a case, the
potential of the metal layer is set lower than or equal to
that of the pixel electrode.
[0113] That is, the potential of the metal layer is set to
form a first state of potential where a potential difference
obtained by subtracting the potential of the common elec-
trode 17 from the potential of the metal layer is opposite
in polarity to a potential difference obtained by subtract-
ing the potential of the common electrode 17 from the
potential of the pixel electrode 12, a second state of po-
tential where the potential of the metal layer is equal to
the potential of the common electrode 17, or a third state
of potential where the potential difference obtained by
subtracting the potential of the common electrode 17
from the potential of the metal layer is equal in polarity
to the potential difference obtained by subtracting the
potential of the common electrode 17 from the potential
of the pixel electrode 12 and where the absolute value
of a difference between the potential of the pixel electrode
12 and the potential of the common electrode 17 is great-
er than or equal to the absolute value of a difference
between the potential of the metal layer and the potential
of the common electrode 17. Then, by applying voltage
to the liquid crystal layer 30 to polymerize the monomers
mixed in advance into the liquid crystal layer 30, the liquid
crystal molecules 101 and 102 of the liquid crystal layer
30 can be given a pretilt angle.
[0114] Further, during normal actual driving of the liq-
uid crystal display panel, such voltage may be applied to
the auxiliary capacitor line 14 or the scanning signal line
21 that (Potential of Auxiliary Capacitor Line 14 (Scan-
ning Signal Line 21) - Potential of Common Electrode 17)
is equal in polarity to (Potential of Pixel Electrode 12 -
Potential of Common Electrode 17) and that |Potential of
Auxiliary Capacitor Line 14 (Scanning Signal Line 21) -
Potential of Common Electrode 17| > |Potential of Pixel
Electrode 12 - Potential of Common Electrode 17|. In
such a case, the potential of the metal layer is set lower
than or equal to that of the pixel electrode. That is, the
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potential of the metal layer set to form the first state of
potential where the potential difference obtained by sub-
tracting the potential of the common electrode 17 from
the potential of the metal layer is opposite in polarity to
the potential difference obtained by subtracting the po-
tential of the common electrode 17 from the potential of
the pixel electrode 12, the second state of potential where
the potential of the metal layer is equal to the potential
of the common electrode 17, or the third state of potential
where the potential difference obtained by subtracting
the potential of the common electrode 17 from the po-
tential of the metal layer is equal in polarity to the potential
difference obtained by subtracting the potential of the
common electrode 17 from the potential of the pixel elec-
trode 12 and the absolute value of the difference between
the potential of the pixel electrode 12 and the potential
of the common electrode 17 is greater than or equal to
the absolute value of the difference between the potential
of the metal layer and the potential of the common elec-
trode 17. Then, voltage can be applied to the liquid crystal
layer 30.
[0115] That is, the potential V of the metal layer can
be set in one of the following states (1) to (3):

(1) V-Vcom is opposite in potential to Vd-Vcom;
(2) V=Vcom; and
(3) V-Vcom is equal in potential to Vd-Vcom, and
|Vd-Vcom|≥|V-Vcom|,

where V is the potential of the metal layer, Vcom is the
potential of the common electrode, and Vd is the potential
of the pixel electrode.
It should be noted here that the first to third states of
potential correspond to the states (1) to (3), respectively.
[0116] Thus, in the region of intersection between the
slit 15 and the auxiliary capacitor line 14 or the scanning
signal line 21, the metal layer whose potential has been
set to form the first, second, or third state of potential is
placed between the layer of the scanning signal line 21
or of the auxiliary capacitor line 14 and the layer of the
pixel electrode 12; therefore, the influence of the potential
of the scanning signal line 21 or of the auxiliary capacitor
line 14 can be blocked.
[0117] This makes it possible to prevent a defect in
alignment that has conventionally been caused when
such voltage is applied to the auxiliary capacitor line 14
or the scanning signal line 21 during the PSA step or
during normal driving that (Potential of Auxiliary Capac-
itor Line 14 (Scanning Signal Line 21) - Potential of Com-
mon Electrode 17) is equal in polarity to (Potential of Pixel
Electrode 12 - Potential of Common Electrode 17) and
that |Potential of Auxiliary Capacitor Line 14 (Scanning
Signal Line 21) - Potential of Common Electrode 17| > |
Potential of Pixel Electrode 12 - Potential of Common
Electrode 17|.
[0118] This makes it possible, during actual driving or
manufacture of the liquid crystal display panel 2, to keep
the alignment of the liquid crystal molecules 101 good

and align the liquid crystal molecules appropriately, with
no influence on the alignment of the liquid crystal mole-
cules 101 by those equipotential surfaces formed in an
area of the liquid crystal layer 30 around the slit 15 inter-
secting with the scanning signal line 21 or the auxiliary
capacitor line 14, thus bringing about an improvement in
display quality of the liquid crystal display panel 2.
[0119] It should be noted that in which one of the first
to third states of potential the potential V of the metal
layer can be set during actual driving of the liquid crystal
display panel 2 depends on what is used as the metal.
This point is discussed more specifically.
[0120] First, when the metal layer is constituted by an
independent shield metal, the shield-metal voltage driv-
ing circuit 41 makes it possible to freely set the potential
V of the shield metal; therefore, it is possible to freely
choose any one of the states of potential (1) to (3) as the
potential V.
[0121] Next, when the metal layer is constituted by a
drain line 13 or an intermediate electrode, the drain line
13 or the intermediate electrode is always equal in po-
tential to the pixel electrode 12; therefore, the potential
V is set as V-Vcom=Vd-Vcom included in the state of
potential (3).
[0122] Furthermore, when the metal layer is constitut-
ed by a data signal line 22, the potential V of the data
signal line 22 swings between positive and negative po-
larities with the potential Vcom of the common electrode
as the center and therefore is equal to the potential Vcom
on an average. Therefore, the potential V is set in the
state of potential (2) (V=Vcom).
[0123] It should be noted that the active matrix sub-
strate 10 may be configured to have such a structure that
a metal wiring layer including scanning signal lines 21
and auxiliary capacitor lines 14, a gate insulating layer,
a metal wiring layer including data signal lines 22 and
drain lines (metal wires) 13, an insulating layer, a resin
layer, and pixel electrodes 12 have been formed in this
order on a transparent insulating substrate made of glass
or the like.
[0124] Further, the counter substrate 20 may be a CF
substrate obtained, for example, by stacking a color filter
layer, a black matrix, and a common electrode in this
order on that surface of a transparent insulating layer
which faces the active matrix substrate 10. Further, the
counter substrate 20 may be provided, as needed, with
functional layers (not illustrated) such as an undercoat
layer (foundation layer) and an overcoat layer (planariz-
ing layer).
[0125] Further, the common electrode 17 and the pixel
electrodes 12 may each be a transparent electrode
formed by a transparent conductive film made of ITO
(indium tin oxide) or the like.
[0126] Meanwhile, examples of a slit 15 in a pixel elec-
trode include: an ordinary slit, which is a long narrow hole
provided partially in the pixel electrode; a fine slit, which
is a long narrow space provided, for example, by making
a combtooth cut in the pixel electrode; a slit that is a space
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between adjacent pixel electrodes (such a slit being here-
inafter referred to as "inter-pixel slit"); and the like. Ac-
cordingly, the following describes specific example con-
figurations according to categories of slits in pixel elec-
trodes.

(Slit 15a)

[0127] Fig. 3 includes plan views schematically show-
ing example configurations of liquid crystal display panels
2a having pixel electrodes provided with ordinary slits
according to the present embodiment, respectively. As
shown in (a) to (e) of Fig. 3, provided at each of the in-
tersections between the scanning signal lines 21 and the
data signal lines 22 are a pixel electrode 12a serving as
a pixel electrode section and a TFT (thin-film transistor)
25 serving as a switching element. Further, the TFT 25
is provided in a corner (corner portion) of or in the vicinity
of a side of (in a side edge portion of) the pixel electrode
12a. The pixel electrode 12a and the TFT 25 constitute
a pixel 7 of Fig. 1 in combination with a common electrode
17 (not illustrated).
[0128] Further, as shown in (a) to (e) of Fig. 3, the pixel
electrode 12a is provided with long narrow holes serving
as slits 15a, and the common electrode 17 (not illustrated)
is provided with ribs 18. In the configurations shown in
(a) to (e) of Fig. 3, the slits 15a and the ribs 18 extend
substantially in parallel with each other. Further, with the
relationship of disposition between the slits 15a and the
ribs 18 viewed two-dimensionally, the slits 15a and the
ribs 18 appear to be alternately disposed. Moreover, if,
in the configurations shown in (a) to (e) of Fig. 3, each
pixel were divided into two regions by drawing a boundary
parallel to the scanning signal line 21 so that the boundary
passes transversely across the center of the pixel elec-
trode 12a, those slits 15a and ribs 18 disposed in one of
the regions and those slits 15a and ribs 18 disposed in
the other region would be disposed in such a way as to
be close to each other at a sharp angle at the boundary,
respectively, and to be symmetrical with each other.
[0129] Thus, at the site where the plurality of slits 15a
and ribs 18 are close to each other at a sharp angle,
respectively, the alignment of liquid crystal molecules is
different from that which is originally intended to be ob-
tained, so that there appear dark lines. Therefore, such
a site constitutes a non-display region and, as shown (a)
to (c) of Fig. 3, serves as a convenient site for an auxiliary
capacitor line 14 to pass through. The same applies to
those configurations shown in Figs. 6 to 8, which will be
described later.
[0130] It should be noted that there may be a config-
uration having a scanning signal line 21 passing through
the site where the plurality of slits 15a and ribs 18 are
close to each other at a sharp angle, respectively, as
shown in (d) of Fig. 3. Furthermore, there may be a con-
figuration having no auxiliary capacitor line 14 passing
through the site, as shown in (e) of Fig. 3. The present
invention is not limited to any one of these configurations.

[0131] As shown in (a) to (e) of Fig. 3, the TFT 25 in-
cludes a gate electrode, a gate insulating film, a semi-
conductor layer, a source electrode 26, and a drain elec-
trode 27. Electrically connected to the gate electrode of
the TFT 25 is a scanning signal line 21, part of which
functions as the gate electrode. Further electrically con-
nected to the source electrode 26 is a data signal line 22.
[0132] The TFT 25 carries out a switching operation in
accordance with a scanning signal supplied from the
scanning signal line 21 to switch the pixel electrode 12a
and the data signal line 22 between a conducting state
and a non-conducting state. Moreover, in the conducting
state, a voltage corresponding to a data signal represent-
ing an image supplied from the data signal line 22 is sup-
plied to the pixel electrode 12a through a drain line 13.
[0133] Further, the auxiliary capacitor line 14 is provid-
ed in the same layer as the scanning signal line 21. Fur-
thermore, each of the pixel electrodes 12a has a drain
line 13, provided in a layer above the auxiliary capacitor
line 14 with a gate insulating film (not illustrated) sand-
wiched therebetween, which extends from the drain elec-
trode 27 to a position directly above the auxiliary capac-
itor line 14 or the scanning signal line 21. Moreover, the
drain line 13, disposed directly above the auxiliary ca-
pacitor line 14 or the scanning signal line 21, has an aux-
iliary capacitor electrode section 130 (see (a) of Fig. 3),
provided in an overlap section with the auxiliary capacitor
line 14, which serves to enlarge the area of overlap be-
tween the auxiliary capacitor line 14 and the drain line
13. Furthermore, the drain line 13 is electrically connect-
ed to the pixel electrode 12a through a contact hole 24
provided in the auxiliary capacitor electrode section 130.
Thus, in a configuration having an auxiliary capacitor line
14, the auxiliary capacitor line 14 forms an auxiliary ca-
pacitor with a pixel electrode 12a in each pixel. This
makes it possible to stabilize the potential of each pixel.
[0134] In an example configuration of a liquid crystal
display panel 2a as shown in (a) of Fig. 3, the scanning
signal lines 21 extend along upper and lower edges of
the pixel electrode 12a, respectively, and the auxiliary
capacitor line 14 extends in such a way as to pass trans-
versely across the center of the pixel electrode 12a sub-
stantially in parallel with the scanning signal lines 21.
Moreover, in each region of intersection (surrounded by
a dotted line) between the open region of a slit 15a pro-
vided in the pixel electrode 12a and the auxiliary capacitor
line 14 passing transversely across the center of the pixel
electrode 12a, a covering metal section 19 (metal layer)
composed of the drain line 13 in such a way as to cover
at least the auxiliary capacitor line 14 is provided as part
of the auxiliary capacitor electrode section 130 between
the layer of the pixel electrode 12a and the layer of the
auxiliary capacitor line 14.
[0135] In an example configuration of a liquid crystal
display panel 2a as shown in (b) of Fig. 3, the scanning
signal lines 21 extend along upper and lower edges of
the pixel electrode 12a, respectively, and the auxiliary
capacitor line 14 extends in such a way as to pass trans-
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versely across the center of the pixel electrode 12a sub-
stantially in parallel with the scanning signal lines 21.
Moreover, in each region of intersection (surrounded by
a dotted line) between the open region of a slit 15a pro-
vided in the pixel electrode 12a and the scanning signal
line 21 passing transversely along the upper or lower
edge of the pixel electrode 12a, a covering metal section
19 (metal layer) composed of the drain line 13 in such a
way as to cover at least the scanning signal line 21 is
provided between the layer of the pixel electrode 12a and
the layer of the scanning signal line 21.
[0136] In an example configuration of a liquid crystal
display panel 2a as shown in (c) of Fig. 3, the scanning
signal lines 21 extend along upper and lower edges of
the pixel electrode 12a, respectively, and the auxiliary
capacitor line 14 extends in such a way as to pass trans-
versely across the center of the pixel electrode 12a sub-
stantially in parallel with the scanning signal lines 21.
Moreover, in each region of intersection (surrounded by
a dotted line) between the open region of a slit 15a pro-
vided in the pixel electrode 12a and the auxiliary capacitor
line 14 passing transversely across the center of the pixel
electrode 12a, a covering metal section 19 (metal layer)
composed of the drain line 13 in such a way as to cover
at least the auxiliary capacitor line 14 is provided as part
of the auxiliary capacitor electrode section 130 between
the layer of the pixel electrode 12a and the layer of the
auxiliary capacitor line 14. Furthermore, in each region
of intersection (surrounded by a dotted line) between the
open region of a slit 15a provided in the pixel electrode
12a and the scanning signal line 21 passing transversely
along the upper or lower edge of the pixel electrode 12a,
a covering metal section 19 (metal layer) composed of
the drain line 13 in such a way as to cover at least the
scanning signal line 21 is provided between the layer of
the pixel electrode 12a and the layer of the scanning sig-
nal line 21.
[0137] In an example configuration of a liquid crystal
display panel 2a as shown in (d) of Fig. 3, the scanning
signal line 21 extends in such a way as to pass trans-
versely across the center of the pixel electrode 12a, and
the auxiliary capacitor lines 14 extend along upper and
lower edges of the pixel electrode 12a, respectively.
Moreover, in each region of intersection (surrounded by
a dotted line) between the open region of a slit 15a pro-
vided in the pixel electrode 12a and the auxiliary capacitor
line 14 passing transversely along the upper or lower
edge of the pixel electrode 12a, a covering metal section
19 (metal layer) composed of the drain line 13 in such a
way as to cover at least the auxiliary capacitor line 14 is
provided between the layer of the pixel electrode 12a and
the layer of the auxiliary capacitor line 14.
[0138] Alternatively, the example configuration of the
liquid crystal display panel 2a as shown in (d) of Fig. 3
may also be configured such that in each region of inter-
section between the open region of a slit 15a provided
in the pixel electrode 12a and the scanning signal line 21
passing transversely across the center of the pixel elec-

trode 12a, a covering metal section 19 (metal layer) com-
posed of the drain line 13 in such a way as to cover at
least the scanning signal line 21 is provided between the
layer of the pixel electrode 12a and the layer of the scan-
ning signal line 21.
[0139] In an example configuration of a liquid crystal
display panel 2a as shown in (e) of Fig. 3, no auxiliary
capacitor line 14 is provided, and the scanning signal
lines 21 extend along upper and lower edges of the pixel
electrode 12a, respectively. That is, the liquid crystal dis-
play panel 2a shown in (e) of Fig. 3 is a liquid crystal
display panel that constitutes a liquid crystal display de-
vice 1 as shown in (b) of Fig. 2. Moreover, in each region
of intersection (surrounded by a dotted line) between the
open region of a slit 15a provided in the pixel electrode
12a and the scanning signal line 21 passing transversely
along the upper or lower edge of the pixel electrode 12a,
a covering metal section 19 (metal layer) composed of
the drain line 13 in such a way as to cover at least the
scanning signal line 21 is provided between the layer of
the pixel electrode 12a and the layer of the scanning sig-
nal line 21.
[0140] Further, although, in each of the examples
shown in (a) through (e) of Fig. 3, the covering metal
section 19 is constituted by the drain line 13, the covering
metal section 19 may be constituted by a data signal line
22, an intermediate electrode (not illustrated), or an in-
dependent shield metal (not illustrated).
[0141] It should be noted that each of the examples
shown in Fig. 3 shows a configuration in which the cov-
ering metal section 19 stretches into a region where there
is no intersection between the open region of the slit 15
and the scanning signal line 21 or the auxiliary capacitor
line 14. The greater the extent to which the covering metal
section 19 stretches into the region is, the more profound
the effect of suppressing a disturbance in alignment be-
comes. However, this adversely results in a disadvanta-
geous aperture ratio. Therefore, the extent to which the
covering metal section 19 stretches into the region is de-
termined by a balance between disturbance in alignment
and aperture ratio according to the required specifica-
tions.

(Slit 15b)

[0142] Figs. 4a and 4b show the configuration of a liq-
uid crystal display panel 2b provided with an inter-pixel
slit according to the present embodiment. Fig. 4a is a
plan view schematically showing the configuration of the
liquid crystal display panel, and Fig. 4b is a cross-sec-
tional view of a region taken along line A-B in Fig. 4a.
[0143] As shown in Fig. 4a, provided at each of the
intersections between the scanning signal lines 21 and
the data signal lines 22 are a pixel electrode 12b serving
as a pixel electrode section and a TFT (thin-film transis-
tor) 25 serving as a switching element. The configuration
shown in Fig. 4a is the same as those shown in Fig. 3 in
that the pixel electrode 12b and the TFT 25 constitute a
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pixel 7 of Fig. 1 in combination with a common electrode
17 (not illustrated). Further, the structure and operation
of the TFT 25 are the same as those shown in Fig. 3 and,
as such, are not described here. However, the configu-
ration shown in Fig. 4a is different from those shown in
Fig. 3 in that the space between the pixel electrode 12b
and a pixel electrode 12b’ adjacent thereto functions as
a slit 15b. Further, the common electrode 17 (not illus-
trated) is provided with a rib 18, and the rib 18 extends
substantially in parallel with the inter-pixel slit 15b.
[0144] Further, as shown in Fig. 4a, the auxiliary ca-
pacitor line 14 extends substantially in parallel with the
scanning signal lines 21, passing transversely across the
pixel electrode 12b. It should be noted that the scanning
signal lines 21 are provided in the same layer in which
the auxiliary capacitor line 14 shown in Fig. 4b is provid-
ed. Furthermore, the auxiliary capacitor line 14 also ex-
tends along longer sides of the pixel electrode 12b (the
longer sides being substantially perpendicular to the
scanning signal lines 21) in a position directly below the
pixel electrode 12b. It should be noted that the common
electrode 17 is provided with the rib 18, which extends
in parallel with that part of the auxiliary capacitor line 14
which extends along the longer sides of the pixel elec-
trode 12b.
[0145] Furthermore, as shown in Figs. 4a and 4b, each
of the pixel electrodes 12 has a drain line 13 provided in
a layer above the auxiliary capacitor line 14 formed on a
glass substrate 33, with a gate insulating film 32 sand-
wiched between the drain line 13 and the auxiliary ca-
pacitor line 14, and the drain line 13 extends from the
drain electrode 27 along that part of the auxiliary capac-
itor line 14 which extends along the longer sides of the
pixel electrode 12b.
[0146] Moreover, the drain line 13, extending along the
longer sides of the pixel electrode 12b, has an auxiliary
capacitor electrode section 131 provided in a position of
intersection between the drain line 13 and that part of the
auxiliary capacitor line 14 which extends in parallel with
the scanning signal lines 21, and the auxiliary capacitor
electrode section 131 serves to enlarge the area of over-
lap between the auxiliary capacitor line 14 and the drain
line 13. Furthermore, the drain line 13 is electrically con-
nected to the pixel electrode 12b through a contact hole
24 provided in an interlayer insulating film 31. Thus, the
auxiliary capacitor line 14 and the pixel electrode 12b
form an auxiliary capacitor in each pixel. This makes it
possible to stabilize the potential of each pixel.
[0147] In the configuration shown in Figs. 4a and 4b,
the region in the common electrode 17 (not illustrated)
where the rib 18 is provided is low in efficiency of trans-
mission. This low-transmittance region is utilized for a
greater auxiliary capacitance by providing the auxiliary
capacitor line 14 so that it not only extends in parallel
with the scanning signal lines 21 but also extends along
the longer sides of the pixel electrode 12b.
[0148] Moreover, in the liquid crystal panel 2b, as
shown in Fig. 4a, in a region of intersection (surrounded

by a dotted line) between the open region of the slit 15b
(i.e., the space between the pixel electrodes 12b and
12b’) and the auxiliary capacitor line 14, a covering metal
section 19 composed of the drain line 13 in such a way
as to cover at least the auxiliary capacitor line 14 is pro-
vided as part of the auxiliary capacitor electrode section
131 between the layer of the pixel electrode 12b and the
layer of the auxiliary capacitor line 14.
[0149] It should be noted that as with the examples
shown in Fig. 3, the example shown in Figs. 4a and 4b
shows a configuration in which the covering metal section
19 stretches into a region where there is no intersection
between the open region of the slit 15b and the auxiliary
capacitor line 14. The extent to which the covering metal
section 19 stretches into the region is determined by a
balance between disturbance in alignment and aperture
ratio according to the required specifications.
[0150] Fig. 5 is a plan view schematically showing the
configuration of another liquid crystal display panel 2b’
provided with an inter-pixel slit according to the present
embodiment. In the liquid crystal panel 2b’, as shown in
Fig. 5, in a region of intersection (surrounded by a dotted
line) between the open region of a slit 15b (i.e., a space
between pixel electrodes 12b and 12b’) and an auxiliary
capacitor line 14, a covering metal section 19 composed
of a data signal line 22 in such a way as to cover at least
the auxiliary capacitor line 14 is provided between the
layer of the pixel electrode 12b and the layer of the aux-
iliary capacitor line 14. It should be noted that the covering
metal section 19 is formed by locally expanding the width
of the data signal line 22.
[0151] That is, although the configuration shown in
Figs. 4a and 4b is a configuration having a drain line 13
formed in such a way as to cover that region of an auxiliary
capacitor line 14 which intersect with the open region of
a slit 15b, there may be a configuration having a data
signal line 22 formed in such a way as to cover that region
of an auxiliary capacitor line 14 which intersects with the
open region of a slit 15b, as shown in Fig. 5. It should be
noted that the configuration shown in Fig. 5 is the same
as those shown in Fig. 3, except for the data signal line
22 is provided in such a way as to cover that region of
the auxiliary capacitor line 14 which intersects with the
open region of the slit 15b, and, as such, is not described
here.

(Slit 15c)

[0152] Fig. 6 is a plan view schematically showing the
configuration of a liquid crystal display panel 2c having
a pixel electrode provided with fine such fine slits as men-
tioned above according to the present embodiment. As
shown in Fig. 6, provided at each of the intersections
between the scanning signal lines 21 and the data signal
lines 22 are a pixel electrode 12c serving as a pixel elec-
trode section and a TFT 25 serving as a switching ele-
ment. It should be noted that in Fig. 6, those black lines
in the pixel electrode 12c represent fine slits 15c; that is,
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those areas excluding the black lines represent the pixel
electrode 12c.
[0153] Further, the configuration shown in Fig. 6 is the
same as those shown in Fig. 3 in that the pixel electrode
12c and the TFT 25 constitute a pixel 7 of Fig. 1 in com-
bination with a common electrode 17 (not illustrated).
Further, the structure and operation of the TFT 25 are
the same as those shown in Fig. 3 and, as such, are not
described here. However, The configuration shown in
Fig. 6 is different from those shown in Fig. 3 in that the
pixel electrode is a combtooth electrode and those slits
provided in the pixel electrodes are fine slits 15c.
[0154] In the configuration shown in Fig. 6, the com-
mon electrode 17 (not illustrated) is not provided with a
rib 18, but may be provided with a rib 18 for better align-
ment controllability, without implying any particular limi-
tation on the presence or absence of a rib 18.
[0155] Further, each of the fine slits 15c has its longer
sides inclined at approximately 45 degrees to the drain
line 13, and the fine slits 15c are divided into four groups
of fine slits extending along four directions that differ by
approximately 90 degrees one after the other, respec-
tively. In such a configuration, when voltage is applied to
the pixel electrode 12c, the liquid crystal molecules lean
along the longer sides of each of the fine slits 15c, so
that four domains different in orientation of alignment can
be formed in each pixel. It should be noted that two do-
mains may be formed by forming two groups of fine slits
extending longitudinally and transversely, respectively.
[0156] Further provided in the same layer as the scan-
ning signal lines 21 is an auxiliary capacitor line 14 ex-
tending substantially in parallel with the scanning signal
lines 21 and passing transversely across the center of
each of the corresponding pixel electrodes 12c. Further-
more, each of the pixel electrodes 12c has a drain line
13, provided in a layer above the auxiliary capacitor line
14 with a gate insulating film (not illustrated) sandwiched
therebetween, which extends from the drain electrode
27 along longer sides of the pixel electrode 12c. Moreo-
ver, the drain line 13 has an auxiliary capacitor electrode
section 132, provided in a position of intersection be-
tween the drain line 13 and the auxiliary capacitor line
14, which serves to enlarge the area of overlap between
the auxiliary capacitor line 14 and the drain line 13. The
drain line 13 is electrically connected to the pixel elec-
trode 12c through a contact hole 24 provided in the aux-
iliary capacitor electrode section 132. Thus, the auxiliary
capacitor line 14 and the pixel electrode 12c form an aux-
iliary capacitor in each pixel. This makes it possible to
stabilize the potential of each pixel.
[0157] Moreover, in the liquid crystal display panel 2c,
as shown in Fig. 6, in a region of intersection (surrounded
by a dotted line) between the open region of a slit 15c
provided in the pixel electrode 12c and the auxiliary ca-
pacitor line 14, a covering metal section 19 is provided
as part of the auxiliary capacitor line 132 between the
layer of the pixel electrode 12c and the layer of the aux-
iliary capacitor line 14 in such a way as to cover the aux-

iliary capacitor line 14.
[0158] It should be noted that as with the examples
shown in Fig. 3, the example shown in Fig. 6 shows a
configuration in which the covering metal section 19
stretches into a region where there is no intersection be-
tween the open region of the slit 15c and the auxiliary
capacitor line 14. The extent to which the covering metal
section 19 stretches into the region is determined by a
balance between disturbance in alignment and aperture
ratio according to the required specifications.

(Horizontally Long Picture Element)

[0159] Figs. 3 through 5 show the configurations of ver-
tically long picture elements. However, depending on the
design of a liquid crystal display panel, there may be a
case where each pixel is structured to have a vertical
arrangement of horizontally long RGB picture elements.
Fig. 7 shows the configuration of a liquid crystal display
panel having a pixel structure of horizontally long picture
elements, (a) showing a configuration having a scanning
signal line 21 formed in such a way as to pass trans-
versely through the region of a pixel electrode 12 along
longer sides of the pixel electrode 12, (b) showing a con-
figuration having an auxiliary capacitor line 14 formed in
such a way as to pass transversely through the region
of a pixel electrode 12 along longer sides of the pixel
electrode 12, with the pixel electrode 12 overlapping a
scanning signal line 21 in the vicinity of one of the two
longer sides.
[0160] In Fig. 7, those members which have the same
functions as those shown in Figs. 3 through 5 are given
the same reference numerals. Such members are there-
fore not described here. In the liquid crystal display panel
shown in Fig. 7, the pixel electrode overlaps not only an
auxiliary capacitor line but also a scanning signal line.
[0161] As shown in (a) of Fig. 7, there is a scanning
signal line 21 formed toward the center of a pixel elec-
trode 12 having its longer sides extending in parallel with
the scanning signal line 21, and there is provided auxiliary
capacitor lines 14 extending in parallel with the scanning
signal line 21 in such a way as to have overlaps near the
longer sides of the pixel electrode 12, respectively. Fur-
thermore, one of the two auxiliary capacitor lines 14 over-
lapping the pixel electrode 12 has an extended section
141 extending from an area near the center of the longer
side of the pixel electrode 12 to the scanning signal line
21 in parallel with the shorter sides of the pixel electrode
12. There are also a plurality of slits 15 formed symmet-
rically with each other about a center line that divides
each of the longer sides of the pixel electrode 12 into two
and at sharp angles to the center line.
[0162] In such a configuration, there exist a plurality of
regions of intersection between the scanning signal line
21 and slits 15 provided in the pixel electrode 12, and
there exist a plurality of regions of intersection between
the auxiliary capacitor line 14 and slits 15.
[0163] Moreover, in the liquid crystal display panel 2’,
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as shown in (a) of Fig. 7, in each of the plurality of regions
of intersection (each surrounded by a dotted line) be-
tween the open regions of the slits 15 provided in the
pixel electrode 12 and the scanning signal line 21, a cov-
ering metal section 19 stretching from part of the drain
line 13 along the shorter sides of the pixel electrode 12
is provided between the layer of the pixel electrode 12
and the layer of the scanning signal line 21 in such a way
as to cover the scanning signal line 21.
[0164] Furthermore, the drain line 13 extends up to the
auxiliary capacitor line 14 while overlapping the extended
section 141 of the auxiliary capacitor line 14 and, further,
extends along the longer side of the pixel electrode 12
into the plurality of regions of intersection between the
auxiliary capacitor line 14 and the slits 15. In the plurality
of regions of intersection between the auxiliary capacitor
line 14 and the slits 15, there are provided a plurality of
covering metal sections 19 stretching from the drain line
13 in such a way as to cover the respective regions.
[0165] Further, even in a case where, as shown in (b)
of Fig. 7, the pixel electrode 12 overlaps one of the two
scanning signal lines 21 near a longer side of the pixel
electrode 12 and there is an auxiliary capacitor line 14
formed toward the center of the pixel electrode 12, there
exit a plurality of regions of intersection between the
scanning signal line 21 and slits 15 provided in the pixel
electrode 12 in the same manner as described above,
and there exit a plurality of regions of intersection be-
tween the auxiliary capacitor line 14 and slits 15.
[0166] Moreover, in the liquid crystal display panel 2’,
as shown in (b) of Fig. 7, in each of the plurality of regions
of intersection (each surrounded by a dotted line) be-
tween the open regions of the slits 15 provided in the
pixel electrode 12 and the scanning signal line 21, a cov-
ering metal section 19 stretching from part of the drain
line 13 along the shorter sides of the pixel electrode 12
is provided between the layer of the pixel electrode 12
and the layer of the scanning signal line 21 in such a way
as to cover the scanning signal line 21.
[0167] Furthermore, in each of the plurality of regions
of intersection between the open regions of the slits 15
and the auxiliary capacitor line 14, a covering metal sec-
tion 19 obtained by widening part of the drain line 13 is
provided between the layer of the pixel electrode 12 and
the layer of the auxiliary capacitor line 14 in such a way
as to cover the auxiliary capacitor line 14. Although, in
Fig. 7, the covering metal section 19 is constituted by the
drain line 13, the covering metal section 19 may be con-
stituted by a data signal line 22, an intermediate electrode
(not illustrated), or an independent shield metal (not il-
lustrated).
[0168] Although, in the example shown in Fig. 7, the
pixel electrode 12 is horizontally long; that is, the pixel
electrode has its longer sides extending in parallel with
the scanning signal lines 21, the pixel electrode may be
vertically long; that is, the pixel electrode 12 may have
its longer sides extending perpendicularly to the scanning
signal lines 21.

(Multi-pixel Structure)

[0169] As a technique for improving the dependence
of the gamma characteristics of a liquid crystal display
panel on viewing angles (difference between the gamma
characteristics of a liquid crystal display device as viewed
squarely and the gamma characteristics of the device as
viewed obliquely), there is a pixel division method (so-
called multi-pixel technology). A liquid crystal display
panel of the pixel division type has a multi-pixel structure
in which each pixel is constituted by a plurality of subpix-
els. Moreover, the present invention can also be applied
to a liquid crystal display panel having a multi-pixel struc-
ture.
[0170] First, the pixel division method is described. Fig.
8 shows the configuration of a liquid crystal display panel
200 having a multi-pixel structure. As shown in Fig. 8,
the liquid crystal display panel 200 includes: data signal
lines 220 and scanning signal lines 220, which are or-
thogonal to each other; auxiliary capacitor lines 140a and
140b; and pixels disposed in a matrix manner.
[0171] Each of the pixels is provided at an intersection
between its corresponding one of the data signal lines
220 and its corresponding one of the scanning signal line
210, and includes subpixel electrodes (pixel electrode
sections) 120a and 120b and TFTs 250a and 250b. The
auxiliary capacitor lines 140a and 140b are disposed in
such a way as to pass transversely along the upper edge
of the subpixel electrode 120a and the lower edge of the
subpixel electrode 120b, respectively. Moreover, the
scanning signal line 210 extends in parallel with the aux-
iliary capacitor lines 140a and 140b in such a way as to
overlap the space between the subpixel electrodes 120a
and 120b disposed one above the other.
[0172] The TFT 250a is provided in a corner portion of
the subpixel electrode 120a proximate to the point of in-
tersection between the data signal line 220 and the scan-
ning signal line 210. A drain line 130a extends along the
data signal line 220 up to the auxiliary capacitor line 140a,
and further includes an auxiliary capacitor electrode sec-
tion 330a that overlaps the auxiliary capacitor line 140a.
[0173] Further, in the auxiliary capacitor electrode sec-
tion 330a, the drain line 130a is electrically connected to
the subpixel electrode 120a through a contact hole 240a.
[0174] Similarly, the TFT 250b is provided in a corner
portion of the subpixel electrode 120b proximate to the
point of intersection between the data signal line 220 and
the scanning signal line 210. A drain line 130b extends
along the data signal line 220 up to the auxiliary capacitor
line 140b, and further includes an auxiliary capacitor elec-
trode section 330b that overlaps the auxiliary capacitor
line 140b.
[0175] Further, in the auxiliary capacitor electrode sec-
tion 330b, the drain line 130b is electrically connected to
the subpixel electrode 120b through a contact hole 240b.
[0176] Thus, the subpixel electrodes 120a and 120b
form capacitors with the auxiliary capacitor lines 140a
and 140b, respectively, and also form capacitors with the
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common electrode. Further, the TFTs 250a and 250b
have their gate electrodes electrically connected to the
scanning signal line 210, and their source electrodes
260a and 260b to the data signal lines 220.
[0177] The TFTs 250a and 250b carry out a switching
operation in accordance with a scanning signal supplied
from the scanning signal line 210 to switch the pixel elec-
trodes 120a and 120b and the data signal line 220 be-
tween a conducting state and a non-conducting state.
Moreover, in the conducting state, voltages correspond-
ing to a data signal representing an image supplied from
the data signal line 220 are supplied to the pixel electrode
120a and 120b through the drain lines 130a and 130b,
respectively.
[0178] In the liquid crystal display panel 200, the sub-
pixel electrodes 120a and 120b are supplied with voltag-
es corresponding to the same data signal from the data
signal line 220. However, by controlling the voltages of
the auxiliary capacitor lines 140a and 140b individually,
the subpixel electrodes 120a and 120b can be made dif-
ferent in effective voltage through the auxiliary capacitors
between the subpixel electrodes and the auxiliary capac-
itor lines.
[0179] For example, the voltages of the auxiliary ca-
pacitor lines 140a and 140b are individually controlled
by voltage-reversing the auxiliary capacitor lines 140a
and 140b every horizontal scanning period such that
when the auxiliary capacitor line 140a level-shifts in volt-
age in a plus direction, the auxiliary capacitor line 140b
level-shifts in voltage in a minus direction, and that when,
after one horizontal scanning period, the auxiliary capac-
itor line 140a level-shifts in voltage in a minus direction,
the auxiliary capacitor line 140b level-shifts in voltage in
a plus direction. That is, by supplying the auxiliary ca-
pacitor lines 140a and 140b with rectangular waves that
are out of phase by 180 degrees, the subpixel electrodes
120a and 120b are made different in potential due to the
capacitor formed by the subpixel electrode 120a and the
auxiliary capacitor line 140a and the capacitor formed by
the subpixel electrode 120b and the auxiliary capacitor
line 140b.
[0180] Thus, in a liquid crystal display panel of the mul-
ti-pixel structure, a halftone can be expressed by com-
posing each pixel of a high-luminance subpixel (bright
subpixel) and a low-luminance subpixel (dark subpixel),
whereby the dependence of gamma characteristics on
viewing angles (e.g., excess brightness) is improved.
[0181] However, in a liquid crystal display panel of the
multi-pixel structure having its subpixel electrodes pro-
vided with slits, such equipotential lines as those shown
in (c) of Fig. 9 appear due to the relationship among the
common electrode, the subpixel electrodes, and the aux-
iliary capacitor lines not only at the PSA step in the proc-
ess of manufacturing the liquid crystal display panel but
also during actual driving according to the pixel division
method. Therefore, even during actual driving, there may
occur a defect in alignment of liquid crystal molecules,
and such a defect in alignment ends up causing deteri-

oration in display quality.
[0182] Accordingly, in the liquid crystal display panel
200 having a multi-pixel structure, as shown in Fig. 8, in
a region of intersection (surrounded by a dotted line) be-
tween the open region of a slit 150a provided in the sub-
pixel electrode 120a and the auxiliary capacitor line 140,
the drain line 130a has a covering section 190a, provided
between the layer of the pixel electrode 120a and the
layer of the auxiliary capacitor line 140a, which covers
the auxiliary capacitor line 140a. In other words, the drain
line 130a has a covering section 190 stretching from the
auxiliary capacitor electrode section 330a in such a way
as to cover the region of intersection between the open
region of the slit 150a and the auxiliary capacitor line
140a.
[0183] Similarly, in a region of intersection (surrounded
by a dotted line) between the open region of a slit 150b
provided in the subpixel electrode 120b and the auxiliary
capacitor line 140b, the drain line 130b has a covering
section 190b, provided between the layer of the pixel
electrode 120b and the layer of the auxiliary capacitor
line 140b, which covers the auxiliary capacitor line 140b.
[0184] The present invention is not limited to the de-
scription of the embodiments above, but may be altered
by a skilled person within the scope of the claims. An
embodiment based on a proper combination of technical
means disclosed in different embodiments is encom-
passed in the technical scope of the present invention.

Industrial Applicability

[0185] The present invention can be applied to a liquid
crystal display panel including a substrate structured
such that a slit in a pixel electrode intersects with a scan-
ning signal line or an auxiliary capacitor line and, in par-
ticular, is suitable to a liquid crystal display device in
which a pretilt angle of liquid crystal molecules are formed
through a PSA step under a Cs-COM voltage application
scheme.

Reference Signs List

[0186]

1 Liquid crystal display device
2 Liquid crystal display panel
3 Control circuit
4 Gate driving circuit
5 Source driving circuit
6 CS driving circuit
7 Pixel
10 Active matrix substrate
11 Transparent insulating substrate
12 Pixel electrode (pixel electrode section)
13 Drain line (metal wire)
14 Auxiliary capacitor wire
15 Slit (alignment control space section)
16 Transparent insulating substrate
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17 Common electrode
18 Rib (alignment control section)
19 Covering metal section (metal layer, covering sec-

tion)
20 Counter substrate
21 Scanning signal line
22 Data signal line (signal wire)
24 Contact hole
25 TFT (switching element)
26 Source electrode
27 Drain electrode
30 Liquid crystal layer
31 Interlayer insulating film
32 Gate insulating film
33 Glass substrate

Claims

1. An active matrix substrate comprising:

a plurality of scanning signal lines;
a plurality of signal wires disposed in such a way
as to intersect with the scanning signal lines;
a pixel section constituted by pixel electrode
sections each provided in correspondence with
a combination of each of the scanning signal
lines and each of the signal wires, the pixel sec-
tion having an alignment control space section
that controls a state of alignment of liquid crystal
molecules;
a switching element that switches a signal wire
as one of the signal wires and a pixel electrode
section as one of the pixel electrode sections
into a conducting state or a non-conducting state
in accordance with a scanning signal supplied
from a scanning signal line as one of the scan-
ning signal lines;
a metal wire, connected to the switching ele-
ment, through which when the switching ele-
ment is in a conducting state, a data signal from
the signal wire is supplied to the pixel electrode
section; and
an auxiliary capacitor line that forms a capacitor
with the pixel electrode section,
in a region of intersection between the alignment
control space section and the auxiliary capacitor
line or the scanning signal line, a metal layer
being provided between a layer of the pixel sec-
tion and a layer of the scanning signal line in
such a way as to cover at least the auxiliary ca-
pacitor line or the scanning signal line.

2. An active matrix substrate comprising:

a plurality of scanning signal lines;
a plurality of signal wires disposed in such a way
as to intersect with the scanning signal lines;

a pixel section constituted by pixel electrode
sections each provided in correspondence with
a combination of each of the scanning signal
lines and each of the signal wires, the pixel sec-
tion having an alignment control space section
that controls a state of alignment of liquid crystal
molecules;
a switching element that switches a signal wire
as one of the signal wires and a pixel electrode
section as one of the pixel electrode sections
into a conducting state or a non-conducting state
in accordance with a scanning signal supplied
from a scanning signal line as one of the scan-
ning signal lines; and
a metal wire, connected to the switching ele-
ment, through which when the switching ele-
ment is in a conducting state, a data signal from
the signal wire is supplied to the pixel electrode
section,
in a region of intersection between the alignment
control space section and the scanning signal
line, a metal layer being provided between a lay-
er of the pixel section and a layer of the scanning
signal line in such a way as to cover at least the
scanning signal line.

3. The active matrix substrate as set forth in claim 1 or
2, wherein the metal layer is constituted to include
at least either the metal wire or the signal wire.

4. The active matrix substrate as set forth in any one
of claims 1 to 3, wherein the alignment control space
section is a long narrow hole formed individually in
the pixel electrode section.

5. The active matrix substrate as set forth in any one
of claims 1 to 3, wherein the alignment control space
section is a space formed between one and another
of the plurality of pixel electrode sections constituting
the pixel section.

6. The active matrix substrate as set forth in any one
of claims 1 to 3, wherein the alignment control space
section is a long narrow hole formed by making a cut
in the pixel electrode section.

7. The active matrix substrate as set forth in any one
of claims 1 to 6, wherein the pixel electrode section
is a multi-pixel electrode including a plurality of sub-
pixel electrodes and is driven by a pixel division
method.

8. The active matrix substrate as set forth in claim 1,
wherein in the region of intersection between the
alignment control space section and the auxiliary ca-
pacitor line, a drain line serving as the metal wire
and extending from the switching element formed in
a corner portion of the pixel electrode section to the
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auxiliary capacitor line disposed in such a way as to
pass transversely across the pixel electrode section
is provided with a covering section that covers at
least the auxiliary capacitor line.

9. The active matrix substrate as set forth in claim 1,
wherein:

the scanning signal line is disposed in such a
way as to pass transversely across the pixel
electrode section;
the auxiliary capacitor line is disposed in such a
way as to pass transversely across the pixel
electrode section substantially in parallel with
the scanning signal line;
a drain line serving as the metal wire extends
from the switching element formed in the pixel
electrode section to at least either the region of
intersection between the alignment control
space section and the auxiliary capacitor line
disposed in such a way as to pass transversely
across the pixel electrode section or the region
of intersection between the alignment control
space section and the scanning signal line; and
a covering section that covers at least the aux-
iliary capacitor line and the scanning signal line
in the respective regions is provided as part of
the drain line.

10. The active matrix substrate as set forth in claim 1,
wherein:

the scanning signal line is disposed in such a
way as to pass transversely along an edge of
the pixel electrode section;
the auxiliary capacitor line is disposed in such a
way as to pass transversely across a center of
the pixel electrode section substantially in par-
allel with the scanning signal line; and
a drain line serving as the metal wire and ex-
tending from the switching element formed in a
corner portion of the pixel electrode section to
at least either the region of intersection between
the alignment control space section and the aux-
iliary capacitor line disposed in such a way as
to pass transversely across the pixel electrode
section or the region of intersection between the
alignment control space section and the scan-
ning signal line is provided with a covering sec-
tion that covers at least the auxiliary capacitor
line and the scanning signal line in the respective
regions.

11. The active matrix substrate as set forth in claim 1,
wherein:

the scanning signal line is disposed in such a
way as to pass transversely across a center of

the pixel electrode section;
the auxiliary capacitor line is disposed in such a
way as to pass transversely along an edge of
the pixel electrode section substantially in par-
allel with the scanning signal line; and
a drain line serving as the metal wire and ex-
tending from the switching element formed in a
side edge portion of the pixel electrode section
to at least either the region of intersection be-
tween the alignment control space section and
the auxiliary capacitor line disposed in such a
way as to pass transversely across the pixel
electrode section or the region of intersection
between the alignment control space section
and the scanning signal line is provided with a
covering section that covers at least the auxiliary
capacitor line and the scanning signal line in the
respective regions.

12. The active matrix substrate as set forth in claim 10
or 11, wherein the pixel electrode section has its
longer sides extending substantially in parallel with
the scanning signal line.

13. The active matrix substrate as set forth in claim 1,
wherein:

the auxiliary capacitor line is provided in such a
way as to overlap a site where another alignment
control space section adjoining the alignment
control space section within each of the pixel
electrode sections are close to the alignment
control space section at a sharp angle; and
in the region of intersection between the auxil-
iary capacitor line and those of the other align-
ment control space section and the alignment
control space section, a drain line serving as the
metal wire and extending from the switching el-
ement formed in a corner portion of the pixel
electrode section to the auxiliary capacitor line
is provided with a covering section that covers
at least the auxiliary capacitor line.

14. The active matrix substrate as set forth in claim 1,
wherein:

the auxiliary capacitor line is provided in such a
way as to pass transversely across the align-
ment control space section formed as a space
between the plurality of pixel electrode sections;
and
in the region of intersection between the align-
ment control space section and the auxiliary ca-
pacitor line, a drain line serving as the metal wire
and extending from the switching element
formed in a corner portion of the pixel electrode
section to the auxiliary capacitor line is provided
with a covering section that covers at least the
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auxiliary capacitor line.

15. The active matrix substrate as set forth in claim 1,
wherein:

the auxiliary capacitor line is provided in such a
way as to pass transversely across the align-
ment control space section formed as a space
between the plurality of pixel electrode sections;
and
in the region of intersection between the align-
ment control space section and the auxiliary ca-
pacitor line, a data signal line serving as the sig-
nal line and extending from the switching ele-
ment formed in a corner portion of the pixel elec-
trode section in such a way as to intersect with
the auxiliary capacitor line is provided with a cov-
ering section that covers at least the auxiliary
capacitor line.

16. The active matrix substrate as set forth in claim 2,
wherein in the region of intersection between the
alignment control space section and the scanning
signal line, a drain line serving as the metal wire and
extending from the switching element formed in the
pixel electrode section to the scanning signal line
disposed in such a way as to pass transversely
across the pixel electrode section is provided with a
covering section that covers at least the scanning
signal line.

17. A liquid crystal display panel comprising:

an active matrix substrate as set forth in any one
of claims 1 to 16;
a counter substrate provided with a common
electrode; and
a liquid crystal layer sandwiched between the
active matrix substrate and the counter sub-
strate.

18. The liquid crystal display panel as set forth in claim
17, wherein the counter substrate includes an align-
ment control section that controls a state of align-
ment of liquid crystal molecules.

19. A liquid crystal display device comprising:

a liquid crystal display panel as set forth in claim
17 or 18; and
a driving circuit that drives the liquid crystal dis-
play panel.

20. A method for manufacturing an active matrix sub-
strate including (i) a plurality of scanning signal lines,
(ii) a plurality of signal wires disposed in such a way
as to intersect with the scanning signal lines, (iii) a
pixel section constituted by pixel electrode sections

each provided in correspondence with a combination
of each of the scanning signal lines and each of the
signal wires, the pixel section having an alignment
control space section that controls a state of align-
ment of liquid crystal molecules, (iv) a switching el-
ement that switches a signal wire as one of the signal
wires and a pixel electrode section as one of the pixel
electrode sections into a conducting state or a non-
conducting state in accordance with a scanning sig-
nal supplied from a scanning signal line as one of
the scanning signal lines, (v) a metal wire, connected
to the switching element, through which when the
switching element is in a conducting state, a data
signal from the signal wire is supplied to the pixel
electrode section, and (vi) an auxiliary capacitor line
that forms a capacitor with the pixel electrode sec-
tion,
the method comprising the step of, in a region of
intersection between the alignment control space
section and the auxiliary capacitor line or the scan-
ning signal line, forming a metal layer in such a way
that the metal layer covers at least the auxiliary ca-
pacitor line or the scanning signal line.

21. A method for manufacturing an active matrix sub-
strate including (i) a plurality of scanning signal lines,
(ii) a plurality of signal wires disposed in such a way
as to intersect with the scanning signal lines, (iii) a
pixel section constituted by pixel electrode sections
each provided in correspondence with a combination
of each of the scanning signal lines and each of the
signal wires, the pixel section having an alignment
control space section that controls a state of align-
ment of liquid crystal molecules, (iv) a switching el-
ement that switches a signal wire as one of the signal
wires and a pixel electrode section as one of the pixel
electrode sections into a conducting state or a non-
conducting state in accordance with a scanning sig-
nal supplied from a scanning signal line as one of
the scanning signal lines, and (v) a metal wire, con-
nected to the switching element, through which when
the switching element is in a conducting state, a data
signal from the signal wire is supplied to the pixel
electrode section,
the method comprising the step of, in a region of
intersection between the alignment control space
section and the scanning signal line, forming a metal
layer between a layer of the pixel section and a layer
of the scanning signal line in such a way that the
metal layer covers at least the scanning signal line.

22. A method for manufacturing a liquid crystal display
panel as set forth in claim 17 or 18,
the method comprising a polymer alignment support-
ing step of giving a pretilt angle to liquid crystal mol-
ecules of the liquid crystal layer by polymerizing
monomers mixed in advance into the liquid crystal
layer, with voltage being applied to the liquid crystal
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layer in any one of the following states of potential:
a first state of potential where a potential difference
obtained by subtracting a potential of the common
electrode from a potential of the metal layer is oppo-
site in polarity to a potential difference obtained by
subtracting the potential of the common electrode
from a potential of the pixel electrode section; a sec-
ond state of potential where the potential of the metal
layer is equal to the potential of the common elec-
trode; and a third state of potential where the poten-
tial difference obtained by subtracting the potential
of the common electrode from the potential of the
metal layer is equal in polarity to the potential differ-
ence obtained by subtracting the potential of the
common electrode from the potential of the pixel
electrode section and where an absolute value of a
difference between the potential of the pixel elec-
trode section and the potential of the common elec-
trode is greater than or equal to an absolute value
of a difference between the potential of the metal
layer and the potential of the common electrode.

23. A method for driving a liquid crystal display panel as
set forth in claim 17 or 18,
the method comprising applying voltage to the liquid
crystal layer in any one of the following states of po-
tential: a first state of potential where a potential dif-
ference obtained by subtracting a potential of the
common electrode from a potential of the metal layer
is opposite in polarity to each other a potential dif-
ference obtained by subtracting the potential of the
common electrode from a potential of the pixel elec-
trode section; a second state of potential where the
potential of the metal layer is equal to the potential
of the common electrode; and a third state of poten-
tial where the potential difference obtained by sub-
tracting the potential of the common electrode from
the potential of the metal layer is equal in polarity to
the potential difference obtained by subtracting the
potential of the common electrode from the potential
of the pixel electrode section and where an absolute
value of a difference between the potential of the
pixel electrode section and the potential of the com-
mon electrode is greater than or equal to an absolute
value of a difference between the potential of the
metal layer and the potential of the common elec-
trode.
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