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(54) Title: LIQUID CRYSTAL DISPLAY APPARATUS

(57) Abstract: A thin film transistor (5) is provided in
a vicinity of a crossing region of scanning and the data
lines (2, 3) on a first substrate (1). A pixel electrode (4)
is connected with the thin film transistor (5). A trans-
parent electroconductive layer (6) which is applied with
a common potential is provided between the pixel elec-

trodes and the scanning lines and data lines to cover the
scanning and date lines, is superimposed on peripheral
portions of the pixel electrodes on both sides. An insu-
lating film (18) is formed between the pixel electrodes
and the electroconductive layer. An opposed electrode
(33) is formed on a second substrate (31) to correspond
to the pixel electrodes. A liquid crystal (35) is provided
between the pixel electrodes and opposed electrode.
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DESCRIPTION

LIQUID CRYSTAL DISPLAY APPARATUS

Technical Field

The present invention relates to a liquid crystal

display apparatus.
Rackground Art

As a liquid crystal display apparatus, there is
one having a configuration in which a liquid crystal is
sealed between a thin film transistor substrate and an
opposed substrate, each pixel electrode is provided to
be connected with a scanning line and a data line
through a thin film transistor as a switching element
in a region surrounded by the scanning lines and the
data lines provided in a matrix form on an inner
surface side of the thin film transistor substrate, and
a common electrode is provided on an inner surface side
of ‘the opposed.substrate (see, e.g., Jpn. Pat. Appln.
KOKAI Publication No. 2003-50405). The pixel electrode
consists of a semiconductor material containing
impurities, and is formed to be connected with the
semiconductor thin film on the same layer as that of
the semiconductor thin film of the thin film
transistor.

In the conventional liquid crystal display

apparatus, in order to suppress a pixel electrode
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voltage from being affected by a scanning signal and a
data signal during driving,‘i.e., in order to reduce a
parasitic capacitance generated between the pixel
electrode and the scanning and data lines, a certain
gap is provided between the pixel electrode and the
scanning and data lines. Since the liquid crystal at a
part corresponding to this gap i1s not controlled by the
pixel electrode voltage, a display quality is lowered
when this Qap portion is visually confirmed. Thus, in
general, this gap portion is assuredly covered with a
black mask provided on the inner surface side of the
opposed substrate. In this case, a displacement when
attaching the thin film transistor substrate and the
opposed substrate with each other must be also taken
into consideration. As a result, there is a problem
that dimensions of the black mask which covers a space
between the pixel electrodes become larger than
dimensions between the adjacent pixel electrodes to
some- extent and an opening ratio is thereby reduced.
Disclosure of Invention

Therefore, it is an object of the present
invention to provide a liquid crystal display apparatus
which can increase an opening ratio.

According to one aspect of the present invention,
there is provided a liquid crystal display apparatus
comprising:

one and the other substrates;
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a plurality of scanning lines which are formed on
one surface side of the one substrate and extended in
one direction;

a plurality of data lines which are formed on the
one surface side of the one substrate and extended in a
direction crossing the scanning lines;

a plurality of thin film transistors each of which
is provided in the vicinity of each crossing region of
the scanning lines and the data lines on the one
surface side of the one substrate, the transistor
including a semiconductor thin film, a gate electrode
arranged on one surface side of the semiconductor thin
film and source and drain electrodes respectively
connected with source and drain regions of the
semiconductor thin film;

a plurality of pixel electrodes each of which is
connected with each of the thin film transistors;

a transparent electroconductive layer which is
provided between the pixel electrodes and the scanning
lines and data lines to cover drain lines, the
electroconductive layer being disposed in a region
including an interspace between the adjoined pixel
electrodes and superimposed on at least parts of
peripheral portions of the adjoined pixel electrodes,
and applied with a common potential;

an insulating film formed between the pixel

electrodes and the electroconductive layer;
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at least one opposed electrode formed on a side of
the other substrate to correspond to the pixel
electrodes; and

a liquid crystal provided between the pixel
electrodes and opposed electrode.

According to the present invention, since a common
potential is applied to the electroconductive layer
through which light is transmitted to allow the liquid
crystal in the region corresponding to a space between
the pixel electrodes alone to assuredly perform black
display, an opening ratio can be increased.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

Brief Description of Drawings

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a perspective plan view showing a part

of a thin film transistor substrate of a liquid crystal
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display apparatus as a first embodiment according to
the present invention;

FIG. 2 is a cross—-sectional view corresponding to
a part taken along a line II-II in FIG. 1;

FIG. 3 is a perspective plan view showing a part
of a thin film transistor substrate of a liquid crystal
display apparatus as a second embodiment according to
the present invention;

FIG. 4 is a cross-sectional view corresponding to
a part taken along a line IV-IV in FIG. 3;

FIG. 5 is a perspective plan view showing a part
of a thin film transistor substrate of a liquid crystal
display apparatus as a third embodiment according to
the present invention;

FIG. 6 is a cross-sectional view corresponding to
a part taken along a line VI-VI in FIG. 5; and

FIG. 7 is a cross-sectional view showing a
modification of the first embodiment.

Best Mode for Carrying Out the Invention

(First Embodiment)

FIG. 1 shows a perspective plan view of a part of
a thin film transistor substrate of a liquid crystal
display apparatus as a first embodiment according to
the present invention, and FIG. 2 shows a cross-
sectional view corresponding to a part taken along a
line II-II in FIG. 1. This liquid crystal display

apparatus 1s provided with a thin film transistor
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substrate 1 and an opposed substrate 31 which are
formed of a transparent glass substrate or the like.

The thin film transistor substrate 1 side or
assembly will be first described with reference to
FIG. 1. Scanning lines 2 and data lines 3 are provided
in a matrix form on an upper surface side (an inner
surface side facing the opposed substrate 31) of the
thin film transistor substrate 1, a plurality of pixel
electrodes 4 are provided each to be connected with the
scanning line 2 and the data line 3 through a thin film
transistor 5 in a region surrounded by both the lines 2
and 3, and a lattice-like auxiliary capacitance
electrode (an electroconductive layer) 6 is provided in
parallel with the scanning lines 2 and the data lines
3. Here, hatching using oblique short solid lines 1is
provided in each rim portion on four sides of the pixel
electrode 4.

In this case, 1in the square region surrounded by
the scanning lines 2 and the data lines 3, the pixel
electrode 4 likewise having a square shape i1s arranged
to be practically close to the scanning lines 2 and the
data lines 3. Each of rim portions on four sides of
the pixel electrode 4 is superimposed on the lattice-
like auxiliary capacitance electrode 6 arranged around
each rim portion with a later-described insulating film
18 disposed therebetween. In FIG. 1, the thin film

transistor 5 is arranged on a lower side of a left
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lower corner portion of the pixel electrode 4 and
substantially entirely covered with the pixel
electrode 4.

The lattice-like auxiliary capacitance electrode 6
is formed of an elongated first auxilia;y capacitance
electrode portion 6a which includes a part overlapping
the data line 3 and extends in a column direction, and
an elongated second auxiliary capacitance electrode
portion 6b which includes a part overlapping the
scanning line 2 and extends in a row direction. In
this case, as will be described later, the auxiliary
capacitance electrode 6 is provided on a layer
different from the scanning line 2 and, especially, the
first auxiliary capacitance electrode portion 6a is
provided between the data line 3 and the pixel
electrode 4 through insulating films 17 and 18 in a
thickness direction, i.e., a direction vertical to a
page space of FIG. 1.

“ A width of the first auxiliary capacitance
electrode portion 6a is larger than a width of the data
line 3 to some extent in such a manner that it slightly
protrudes from both sides of the data line 3. As a
result, even if there is a short displacement in a
direction (a row direction) perpendicular to an
extending direction (a column direction) of the data
line 3, the first auxiliary capacitance electrode

portion 6a absorbs a displacement amount to assuredly
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cover the data line 3 in such a manner that the data
line 3 does not directly face the pixel electrode 4.
Further, the first auxiliary capacitance electrode
portion 6a is arranged over substantially the entire
region where the data line 3 is arranged. As a result,
even 1f there is a displacement with respecf to the
pixel electrode 4 in a direction parallel with the data
line 3, the first auxiliary capacitance electrode
portion 6a assuredly overlaps left and right side
portions of the pixel electrode 4, thereby securely
avoiding a fluctuation in an auxiliary capacitance due
to the displacement in this direction.

A width of the second auxiliary capacitance
electrode portion 6b is larger than a width of the
scanning line 2 to some extent in such a manner that it
slightly protrudes from both sides of the scanning line
2. As a result, even if there is a displacement in a
direction (the column direction) perpendicular to the
scanhing line 2, the second auxiliary capacitance
electrode portion 6b absorbs a displacement amount to
assuredly cover the scanning line 2. Furthermore, the
second auxiliary capacitance electrode portion 6b is
arranged in substantially the entire region where the
scanning line 2 1is arranged. As a result, even if
there is a displacement with respect to the pixel
electrode 4 in a direction parallel with the scanning

line 2, the second auxiliary capacitance electrode
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portion 6b assuredly overlaps upper and lower side
portions of the pixel electrode 4, thereby securely
avoiding a fluctuation in an auxiliary capacitance due
to the displacement in this direction.

A concrete configuration of this liquid crystal
display apparatus will now be described with reference
to FIG. 2. A gate electrode 11 and the scanning line 2
(see FIG. 1) electrically connected with the gate
electrode 11 are provided at a predetermined position
on an upper surface of the thin film transistor
substrate 1. In this case, each of the gate electrode
11 and the scanning line 2 is formed of a transparent
metal oxide containing n-type or p-type impurities. As
the transparent metal oxide, for example, zinc oxide,
magnesium zinc oxide, cadmium zinc oxide or the like is
preferable. As the n-type impurities, for example,
phosphor, arsenic, stibium or the like is preferable.
As the p-type impurities, for example, boron, aluminum,
gallium, indium or the like is preferable.

As a method of forming the gate electrodes 11 and
the scanning lines 2, there is recommended a method of
forming a metal film by a sputtering technique
targeting a metal oxide film containing the n-type or
p-type impurities and patterning this film by using a
photolithography technique. Since the n-type metal
oxide film is of a depletion type and its leak current

is large, it is preferable to use the p-type metal
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oxide film rather than the n-type metal oxide film to
form the gate electrode 11.and the scanning line 2, but
the present invention is not restricted thereto.

A gate insulating film 12 made of silicon nitride
is provided on upper surfaces of the gate electrodes
11, the scanning lines 2 and the thin film transistor
substrate 1. A semiconductor thin film 13 made of the
same transparent genuine metal oxide having a band gap
of 2.5V or above is provided on the upper surface of
the gate insulating film 12 above the gate electrode
11. Since the semiconductor thin film 13 whose band
gap i1s as wide as 2.5V or above does not absorb visible
light, there is no light leak and light shielding is
not required.

A channel protection film 14 made of silicon
nitride is provided at a substantially central part on
the upper surface of the semiconductor thin film 13. A
source electrode 15, a drain electrode 16 and the data
line 3 connected with the drain electrode 16 which are
made of a transparent n-type metal oxide are provided
on positions of both sides of an upper surface of the
channel protection film 14, the upper surface of the
semiconductor thin film 13 on both sides of the channel
protection film 14 and the upper surface of the gate
insulating film 12. Materials of the metal oxide and
the n-type impurities are the same as the examples of

the gate electrode 11 and the scanning line 2. The
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source electrodes 15, the drain electrodes 16 and the
data lines 3 can be formed.by the sputtering technique
targeting the n-type metal oxide film and patterning
this film by the photolithography technique, as used
for the gate electrodes 11 and the scanning lines 2.

Here, the thin film transistor 5 having a bottom
gate structure is constituted of the gate electrode 11,
the gate insulating film 12, the semiconductor thin
film 13, the channel protection film 14, the source
electrode 15 and the drain electrode 16. In this case,
since the gate electrode 11 is formed of the
transparent p-type metal oxide or n-type metal oxide
and each of the source electrode 15 and the drain
electrode 16 is formed of the transparent n-type metal
oxide, the thin film transistor 5 is configured to
transmit light therethrough.

An interlayer insulating film 17 made of silicon
nitride is provided on the upper surfaces of the thin
film transistors 5, the data lines 3 and the gate
insulating film 12. The auxiliary capacitance
electrode 6 made of a transparent n-type metal oxide
and having the above-described structure is provided at
a predetermined position on an upper surface of the
interlayer insulating film 17. Materials of this metal
oxide and the n-type impurities are, e.g., the same as
the examples of the gate electrode 11 and the scanning

line 2. The auxiliary capacitance electrode 6 can be
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obtained by the method of forming the n-type metal
oxide film by using the sputtering technigque and
patterning this film by using the photolithography
technique, as used for the gate electrode 11 and the
scanning line 2.

An évercoat film (an insulating film) 18 made of
silicon nitride is provided on upper surfaces of the
auxiliary capacitance electrode 6 and the interlayer
insulating film 17. A contact hole 19 is formed in the
overcoat film 18 and the interlayer insulating film 17
at a part corresponding to a predetermined position of
the source electrode 15. The pixel eléctrode 4 made of
a transparent metal oxide containing n-type or p-type
impurities or a transparent electroconductive material
such as ITO is provided on the upper surface of the
overcoat film 18 at a predetermined position to be
electrically connected with the source electrode 15
through the contact hole 19. In this case, the pixel
electrode 4 is provided to substantially cover the
entire thin film transistor 5. A polarizing plate 20
is provided on a lower surface of the thin film
transistor substrate 1.

Color filters 32 formed of red, green and blue
resins are provided on a lower surface of the opposed
substrate 31 (an inner surface on the side facing the
thin film transistor substrate 1). An opposed

electrode 33 made of a transparent electroconductive
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material such as ITO is provided on a lower surface of
the color filters 32. A polarizing plate 34 is
provided on an upper surface of the opposed substrate
31. Moreover, the thin film transistor substrate 1 and
the opposed substrate 31 are bonded with.each other
through a sealing material (not shown) at then
peripheral portions, and a liquid crystal 35 is sealed
between the substrates 1 and 31 on the inner side of
the sealing material.

A description will now be given as to a display
operation where this liquid crystal display apparatus
is in a normal black mode which performs black display
at the time of no electric field, the liquid crystal 35
is a TN liquid crystal having a twist angle of, e.qg.,
90° and both the polarizing plates 20 and 34 are
arranged in such a manner that their transmission axes
become parallel with each other.

First, when a voltage is not applied between the
pixel electrode 4 and the common electrode 33,
alignment of molecules of the liquid crystal 35 is
twisted at 90°. Light from a backlight (not shown)
arranged on the lower surface side of the thin film
transistor substrate 1 is transmitted through the
polarizing plate 20, the thin film transistor substrate
1, the pixel electrode 4 and others. Then, the light
is transmitted through the liguid crystal 35 while

being deflected at 90°, further transmitted through the
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common electrode 33, the color filter 32 and the common
substrate 31 and blocked off by the polarizing plate
34, thereby effecting black display.

On the other hand, when a liquid crystal driving
voltage which allows white display is applied between
the pixel electrode 4 and the common electrode 33, an
alignment direction of the molecules of the liquid
crystal 35 becomes vertical to the pixel electrode 4
and the common electrode 33. Light from the backlight
is transmitted through the polarizing plate 20, the
thin film transistor substrate 1, pixel electrode 4 and
others. Then, the light is transmitted through the
liguid crystal 35 as 1t is and transmitted through the
common electrode 33, the color filter 32, the common
substrate 31 and the polarizing plate 34, thereby
effecting white display.

Alternately, a description will now be given as to
a display operation where this liquid crystal display
apparatus is in a normal white mode which effects white
display at the time of no electric field, the liquid
crystal 35 is a TN liquid crystal having a twist angle
of, e.g., 90° and both the polarizing plates 20 and 34
are arranged in such a manner that their transmission
axes are perpendicular to each other.

First, when a voltage is not applied between the
pixel electrode 4 and the common electrode 33,

alignment of the molecules of the liquid crystal 35 is
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twisted at 90°. Light from the backlight is
transmitted through the polarizing plate 20, the thin
film transistor substrate 1, the pixel electrode 4 and
others. The light is further transmitted through the
liquid crystal 35 while being twisted or deflected at
90° and transmitted through the common electrode 33,
the color filter 32, the common substrate 31 and the
polarizing plate 34, thereby effecting white display.

On the other hand, when a voltage which effects
black display is applied between the pixel electrode 4
and the common electrode 33, an alignment direction of
the molecules of the liquid crystal 35 becomes vertical
to the pixel electrode 4 and the common electrode 33.
Light from the backlight is transmitted through the
polarizing plate 20, the thin film transistor substrate
1, the pixel electrode 4 and others, the light is
transmitted through the liquid crystal 35 as it is,
further transmitted through the common electrode 33,
the color filter 32 and the common substrate 31 and
blocked off by the polarizing plate 34, thereby
effecting black display.

In this liquid crystal display apparatus, a part
34a of the liquid crystal 35a positioned in a space
between the adjacent pixel electrodes 4 is constantly
set in a black display state. Here, the space between
the pixel electrodes 4 is a region other than the pixel

electrodes 4, and thus a gape between the longitudinal
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sides of the pixel electrodes 4 disposed on both sides
of the data line 3 in a width direction, a gape between
the lateral sides of the pixel electrodes 4 located on
both sides of the scanning line 2 in the width
direction and a gape between the pixel electrodes 4
arranged around each intersection of both the lines 2
and 3 in FIG. 1.

Where this liquid crystal display apparatus is in
the normal black mode, a voltage applied to the
auxiliary capacitance electrode 6 is controlled to have
substantially the same potential as a voltage applied
to the common electrode 33 (when a data signal voltage
is applied to the common electrode 33, a voltage having
the same phase and the same waveform is applied to the
auxiliary capacitance electrode 6).

Then, a voltage i1s not constantly applied between
the auxiliary capacitance electrode 6 and the common
electrode 33 at the part corresponding to the space
betweéen the pixel electrodes 4, alignment of the
molecules of the liquid crystal 35a is twisted at 90°.
Light from the backlight is transmitted through the
polarizing plate 20, the thin film transistor substrate
1, the scanning line 2, the data line 3, the auxiliary
capacitance electrode 6 and others. The light is then
transmitted through the liquid crystal 35a while being
deflected at 90°, further transmitted through the

common electrode 33, the color filter 32 and the common
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substrate 31 and blocked off by the polarizing plate
34. Thereby, the liquid crystal 35a at the part
corresponding to the space between the pixel electrodes
4 is constantly set in the black display state.

As described above, in the liquid crystal display
apparatus set in the normal black mode, in a non-
display state, the liquid crystal 35a .at the part
corresponding to the space between the pixel electrodes
4 is constantly set in the constant black display
state. Alternately, in a display state, the liquid
crystal driving voltage is applied between the pixel
electrode 4 and the common electrode 33, so that light
from the backlight is transmitted through a space
between the pixel electrode 4 and the common electrode
33 in accordance with the liquid crystal application
voltage and further transmitted through the common
electrode 33, the color filter 32, the common substrate
31 and the polarizing plate 34 to perform predetermined
tone display. However, in this case, since both the
auxiliary capacitance electrode 6 and the pixel
electrode 4 are transparent, so that light is
transmitted through an overlapping portion of these
members, the overlapping portion of the auxiliary
capacitance electrode 6 and the pixel electrode 4
contributes to an opening ratio.

Further, in the display state, the same potential

is provided between the pixel electrode 4 and the
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common electrode 33, and hence the part corresponding
to the space between the pigel electrodes 4 is in the
light shielding state. Therefore, even though the
auxiliary capacitance electrode 6 and the pixel
electrode 4 are transparent, light leak does not occur.
That is, in the display state, the space between the
pixel electrodes 4 alone can be set in the light
shielding state irrespective of a width of the
auxiliary capacitance electrode 6.

Next, where this liquid crystal display apparatus
is in a normal white mode, a voltage which is not
smaller than the voltage effecting black display is
controlled to be applied between the auxiliary
capacitance electrode 6 and the common electrode 33.
In this case, when the data signal voltage is applied
to the common electrode 33, a voltage having a phase
opposite to that of the data signal voltage is applied
to the auxiliary capacitance electrode 6, or a data
signal reference potential is set in such a manner that
a voltage which is not smaller than the voltage
effecting black display is applied even though a
minimum amplitude is provided.

Then, the voltage which is not smaller than the
voltage effecting black display is constantly applied
between the auxiliary capacitance electrode 6 and the
common electrode 33 at the part corresponding to the

space between the pixel electrodes 4, an alignment
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direction of the molecules of the liquid crystal 35a
becomes vertical to the auxiliary capacitance electrode
6 and the common electrode 33. Thus, the light
transmitted from the backlight through the polarizing
plate 20, the thin film transistor substrate 1, the
scanning line 2, the data line 3, the auxiliary
capacitance electrode 6 and others is. transmitted
through the ligquid crystal part 35a in a non-deflected
state. Then, the light is transmitted through the
common electrode 33, the color filter 32 and the common
substrate 31, and blocked off by the polarizing plate
34. Thereby, the liquid crystal 35a at the part
corresponding to the space between the pixel electrodes
4 is constantly set in the black display state.

As described above, according to the liquid
crystal display apparatus in the normal white mode, in
the non-display state, the liquid crystal 35a at the
part corresponding to the space between the pixel
electrodes 4 is constantly set in the black display
state. Further, in the display state, since the liquid
crystal driving voltage is applied between the pixel
electrode 4'and the common electrode 33. Thus, light
from the backlight is transmitted through the space
between the pixel electrode 4 and the common electrode
33 in accordance with the liquid crystal application
voltage. The light is further transmitted through the

common electrode 33, the color filter 32, the common
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substrate 31 and the polarizing plate 34 to perform
predetermined tone displayi However, in this case,
since both the auxiliary capacitance electrode 6 and
the pixel electrode 4 are transparent and thué, light
is transmitted through the overlapping portion of these
members, the overlapping portion of the auxiliary
capacitance electrode 6 and the pixel electrode 4
contributes to the opening ratio.

Furthermore, even in the display state, since the
voltage which is not lower than the voltage with which
black display is performed is applied between the pixel
electrode 4 and the common electrode 33, so that the
part corresponding to the space between the pixel
electrodes 4 is in the 1light shielding state, light
leak does not occur even though the auxiliary
capacitance electrode 6 and the pixel electrode 4 are
transparent. That is, in the display state, the space
between the pixel electrodes 4 alone can be set in the
light shielding state irrespective of a width of the
auxiliary capacitance electrode 6.

As described above, in this liquid display
apparatus, the liquid crystal 35a at the part
corresponding to the space between the pixel electrodes
4 is constantly set in the black display state in both
the normal black mode and the normal white mode.
Accordingly, light leak from the space between the

pixel electrodes 4 can be assuredly avoided without
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using a black mask. In this case, the overlapping
transparent portion of the.auxiliary capacitance
electrode 6 and the pixel electrode 4 which are
configured to transmit light therethrough contributes
to the opening ratio, thereby increasing the opening
ratio.

Moreover, in this ligquid crystal display
apparatus, since the thin film transistor 5 is
configured to transmit light therethrough and the pixel
electrode 4 substantially covers the entire thin film
transistor 5, the overlapping portion of the thin film
transistor 5 and the pixel electrode 4 contributes to
the opening ratio, and hence the opening ratio can be
further increased. 1In this case, although light enters
the semiconductor thin film 13 made of the transparent
genuine metal oxide, the light is transmitted as it is,
and hence there is no problem.

Additionally, in this liquid crystal display
apparatus, since the first and second auxiliary
capacitance electrode portions 6a and 6b having widths
larger than those of the scanning line 2 and the data
line -3 are provided between the side portions of the
adjacent pixel electrodes 4 and the scanning and data
lines 2 and 3, the first and second auxiliary
capacitance electrode portions 6a and 6b can prevent a
coupling capacitance from being generated between the

pixel electrode 4 and the scanning and data lines 2 and
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3, and occurrence of vertical crosstalk can be avoided,
thus improving display cha;acteristics.

(Second Embodiment)

FIG. 3 is a perspective plan view showing a part
of a thin film transistor substrate side in a liquid
crystal display apparatus as a second embodiment of the
present invention, and FIG. 4 is a cross-sectional view
corresponding to a part taken along a line IV-IV in
FIG. 3. In this case, hatching using oblique short
solid lines is likewise provided at an edge portion of
each pixel electrode 4 in order to clarify FIG. 3.

In this liquid crystal display apparatus, a
remarkable difference from the liquid crystal display
apparatus shown in FIGS. 1 and 2 lies in that a thin
film transistor 5 has a top gate structure.
Accordingly, in this liquid crystal display apparatus,
like reference numerals denote parts having the same
names as those in the liquid crystal display apparatus
depicted in FIGS. 1 and 2.

In this liquid crystal display apparatus, a source
electrode 15 and a drain electrode 16 made of a
transparent electroconductive material such as ITO and
a data line 3 connected with the drain electrode 16 are
provided at each predetermined position on an upper
surface of a thin film transistor substrate 1. A
semiconductor thin film 13 made of the transparent

genuine metal oxide is provided at a predetermined
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position on an upper surface of a source electrode 11,
at a predetermined position.on an upper surface of a
drain electrode 12 and on the upper surface of the thin
film transistor substrate 1 between these electrodes.

A protection film 21 made of silicon nitride is
provided on an entire upper surface of the
semiconductor thin film 13.

As a method of forming the semiconductor thin
films 13 and the protection films 21, a semiconductor
thin film forming film made of a genuine metal oxide
and a protection film forming film made of silicon
nitride are first continuously formed on the upper
surfaces of the thin film transistor substrate 1 the
source electrodes 15, the drain electrodes 16 and the
data lines 3 by a plasma CVD method. Then, a resist
pattern is formed on an upper surface of the protection
film forming film, and the protection film forming film
is etched with this resist pattern being used as a
mask; thereby forming the protection films 21.
| Then, the resist pattern is separated by using a
resist separation liquid. In this case, although the
surface of the semiconductor thin film forming film in
a region other than the lower side of the protection
film 21 is exposed to the resist separation liquid,
this exposed part is a region other than a device area,
and hence there is no problem. That is, the

semiconductor thin film forming film under the
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protection film 21 is protected by the protection film
21. Subsequently, when the semiconductor thin film
forming film i1s etched with the protection films 21
being used as a mask, the semiconductor thin films 13
are formed below the protection films 21.

A gate insulating film 12 made of silicon nitride
is provided on the upper surfaces of the thin film
transistor substrate 1, the protection films 21, the
data lines 3 and the source electrodes-15. Gate
electrodes 11 made of a transparent p-type metal oxide
or n-type metal oxide and scanning lines 2 connected
with the gate electrode 11 are provided at a
predetermined positions on an upper surface of the gate
insulating film 12.

Here, the gate electrode 11, the gate insulating
film 12, the semiconductor thin film 13, the protection
film 21, the source electrode 15 and the drain
electrode 16 constitute a thin film transistor 5 having
a top gate structure. In this case, since the gate
electrode 11 is formed of the transparent p-type metal
oxide or n-type metal oxide and the source electrode 15
and the drain electrode 16 are formed of the
transparent electroconductive material such as ITO, the
thin film transistor 5 is configured to transmit light
therethrough.

An interlayer insulating film 17 formed of silicon

nitride is provided on the upper surface of the gate
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insulating film 12 the gate electrodes 11 and the
scanning lines 2. An auxiliary capacitance electrode 6
made of a transparent n-type metal oxide is provided at
a predetermined position on an upper surface of the
interlayer insulating film 17. 2An overcoat film 18
formed of silicon nitride is provided on the upper
surface of the interlayer insulating f£ilm 17 and the
auxiliary capacitance electrode 6.

A contact hole 19 is provided in the overcoat film
18, the interlayer insulating film 17 and the gate
insulating film 12 at a part corresponding to a
predetermined position of the source electrode 15. A
pixel electrode 4 formed of a transparent
electroconductive material such as ITO is provided on
an upper surface of the overcoat film 18 at a
predetermined position to be electrically connected
with the source electrode 15 through the contact hole
19. 1In this case, the pixel electrode 4 is provided to
cover substantially the entire thin film transistor 5.

Further, in this liquid crystal display apparatus,
like the first embodiment, since a liguid crystal 35a
at a part corresponding to a space between the adjacent
pixel electrodes 4 is constantly set in a black display
state in both a normal black mode and a normal white
mode, light leak from the space between the pixel
electrodes 4 can be assuredly prevented without using a

black mask, and an overlapping portion of the auxiliary
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capacitance electrode 6 and the pixel electrode 4 which
are configured to transmit ;ight therethrough
contributes to an opening ratio, thereby increasing the
opening ratio.

Furthermore, in this liquid crystal display
apparatus, like the first embodiment, since the thin
film transistor 5 is configured to transmit light
therethrough and the pixel electrode 4 covers
substantially the entire thin film transistor 5, the
overlapping portion of the thin film transistor 5 and
the pixel electrode 4 contributes to the opening ratio,
thus further increasing the opening ratio.

(Third Embodiment)

FIG. 5 is a perspective plan view of a part of a
thin film transistor substrate side in a liquid crystal
display apparatus as a third embodiment according to
the present invention, and FIG. 6 is a cross-sectional
view corresponding to a part taken along a line VI-VI
in .FIG. 5. In this case, hatching using oblique short
solid lines is likewise provided at an edge portion of
each pixel electrode 4 in order to clarify FIG. 5.

In this ligquid crystal display apparatus, a
difference from the liquid crystal display apparatus
shown in FIGS. 1 and 2 lies in that a lower left corner
portion of the pixel electrode 4 in FIG. 5, i.e., a
part of a thin film transistor 5 corresponding to a

gate electrode 11 has a notched part slightly larger
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than thé gate electrode 11 and an auxiliary capacitance
electrode 6 is thereby configured to have a third
auxiliary capacitance electrode portion 6c¢ including an
overlapping portion of the thin film transistor 5 with
respect to the gate electrode. Thereforg, in this
case, the entire circumferential portion of the pixel
electrode 4 is likewise superimposed on the
substantially-lattice-like auxiliary capacitance
electrode 6 arranged around the pixel electrode 4.

Moreover, in this liquid crystal display
apparatus, like the first embodiment, a liquid crystal
35a at a part corresponding to a space between the
adjacent pixel electrodes 4 is constantly set in a
black display state even though the auxiliary
capacitance electrode 6 and the thin film transistor 5
are configured to transmit light therethrough. As a
result, light leak from the space between the pixel
electrodes 4 can be assuredly avoided without using a
black mask, and the overlapping portion of the
auxiliary capacitance electrode 6 and the pixel
electrode 4 which are formed of the transparent
electroconductive material contributes to an opening
ratio, thereby increasing the opening ratio.

(Other Modifications)

In each of the foregoing embodiments, the entire
auxiliary capacitance electrode 6 is formed of the

transparent metal oxide. As generally known, since the
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transparent metal oxide has a high resistance wvalue, a
potential difference is generated between a starting
end side and a terminating end side of a line, thus
producing irregularities in display. Therefore, when
the auxiliary capacitance electrode 6 has a
configuration in which a light-shielding type metal
film formed of, e.g., aluminum or chrome and a
transparent metal oxide are superimposed, display
irregularities due to a potential difference between
the starting end side and the terminating end side of
the line. FIG. 7 is a cross-sectional view showing a
modification in which such a countermeasure is taken
with respect to the first embodiment depicted in

FIG. 1. 1In FIG. 7, a difference from FIG. 1 lies in
that an auxiliary capacitance electrode 6 formed on an
interlayer insulating film 17 is constituted of a
transparent metal film 6A covering a entire (upper and
side surfaces of )light-shielding type metal film 6B.
A width of the transparent metal film 6A is larger than
a width of the light-shielding type metal film 6B and
the transparent metal film 6A completely covers the
light-shielding type metal film 6B. Both side edge
portions of the transparent metal film 6A in a width
direction overlap rim portions of pixel electrodes 4.
However, the width of the light-shielding type metal
film 6B is smaller than a gap w between the adjacent

pixel electrodes 4, and both side edge portions of this



WO 2006/132392 PCT/JP2006/311687

10

15

20

25

29

film in the width direction do not overlap the rim
portions of the pixel electrodes 4. It is desirable to
set the width of the light-shielding type metal film 6B
to a dimension with which both side end portions of the
metal film 6B do not overlap the rim portions of the
pixel electrodes 4 even if the pixel electrode 4 and
the auxiliary capacitance 6 are displaced in the width
direction of the auxiliary capacitance 6. However, if
an opening ratio is sufficient, both side end portions
of the light-shielding type metal film 6B may overlap
at least one of the rim portions of the pixel
electrodes 4 in some degree in order to further reduce
a resistance value, although the present invention is
not restricted to this configuration.

Furthermore, the order of superimposing the light-
shielding type metal film 6B and the transparent metal
film 6A may be reversed so that the light-shielding
type metal film 6B may be formed on the upper surface
of the transparent metal film 6A.

Although not shown, these configurations can be
likewise applied to the second embodiment and the third
embodiment shown in FIGS. 4 and 6.

Moreover, the present invention is not ‘restricted
to the structure in which the pixel electrode and the
opposed electrode are formed on the different
substrates, and it can be applied to a transverse

electric field mode which is called In Plane Switching
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(IPS) where both the electrodes are provided on the
same substrate.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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CLAIDMS

1. A liquid crystal display apparatus comprising:

one and the other substrates (1, 31);

a plurality of scanning lines (2) which are formed
on one surface side of sald one substrate and extended
in one direction;

a plurality of data lines (3) which are formed on
said one surface side of said one substrate and
extended in a direction crossing the scanning
lines (2);

a plurality of thin film transistors (5) each of
which is provided in the vicinity of each crossing
region of the scanning lines (2) and the data lines (3)
on said one surface side of said one substrate, the
transistor including a semiconductor thin film (13), a
gate electrode (11) arranged on one surface side of the
semiconductor thin film (13) and source and drain
electrodes (15, 16) respectively connected with source
and drain regions of the semiconductor thin film (13);

a plurality of pixel electrodes (4) each of
which is connected with each of the thin film
transistors (5);

a transparent electroconductive layer (6) which is
provided between the pixel electrodes (4) and the
scanning lines (2) and data lines (3) to cover data
lines, the electroconductive layer being disposed in a

region including an interspace between the adjoined
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pixel electrodes and superimposed on at least parts of
peripheral portions of the adjoined pixel electrodes
(4), and applied with a common potential;

an insulating film (18) formed between the pixel
electrodes (4) and the electroconductive‘layer (6);

at least one opposed electrode (33) formed on a
side of the other substrate to correspond to the pixel
electrodes (4); and

a liquid crystal (35) provided between the pixel
electrodes and opposed electrode.

2. The liquid crystal display apparatus according
to claim 1, wherein a potential with which a black
display is observed is applied between the
electroconductive layer (6) and the opposed
electrode (33).

3. The liquid crystal display apparatus according
to claim 2, wherein the liquid crystal (35) is a TN
liquid crystal having a twist angle of 90°.

“4. The liquid crystal display apparatus according
to claim 1, wherein the electroconductive layer (6) has
a lattice-like shape and is provided to cover the
scanning lines (2) and the data lines (3).

5. The liquid crystal dispiay apparatus according
to claim 1, wherein each of the thin film transistors
(5) is configured to transmit light therethrough, and
each of the pixel electrodes (4) is provided to cover

the thin film transistor (5).
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6. The liquid crystal display apparatus according.
to claim 5, wherein the semiconductor thin film (13) of
the thin film transistor (5) is formed of a metal
oxide, and the drain and source electrodes (15, 16) and
the gate eleétrode (11) are formed of a.metal oxide
containing impurities.

7. The liquid crystal display apparatus according
to claim 6, wherein the drain and source electrodes
(15, 16) are provided on the semiconductor thin
film (13).

8. The liguid crystal display apparatus according
to claim 5, wherein the semiconductor thin film (13) of
the thin film transistor (5) is formed of a metal
oxide, the gate electrode (11) is formed of a metal
oxide containing impurities, and the drain and source
electrodes (15, 16) are formed of a transparent
electroconductive material.

9. The liquid crystal display apparatus according
to-claim 8, wherein the drain and source electrodes
(15, 16) are provided under the semiconductor thin
film.

10. The liquid crystal display apparatus
according to claim 6 or 8, wherein the gate electrode
(11) of the thin film transistor is formed of a metal
oxide containing p-type impurities.

11. The liquid crystal display apparatus

according to claim 6 or 8, wherein the scanning line
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(2) is electrically connected with the gate electrode,
the scanning line (2) is fqrmed of the same material as
that of the gate electrode (11), the data line (3) is
electrically connected with one of the drain and source
electrodes (15, 16), and the data line (3) is formed of
the same material as that of said one of the drain and
source electrodes (15, 16).

12. The liguid crystal display apparatus
according to claim 1, wherein a light-shielding type
electroconductive film (6B) is formed on one of upper
and lower surfaces of the transparent electroconductive
layer which is wider than the light-shielding type
electroconductive film (6B) to cover the light-
shielding type electroconductive film.

13. The liguid crystal display apparatus
according to claim 1, wherein the electroconductive
layer (6) has a part which substantially covers an

entire region of the thin film transistor (5).
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