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(7) ABSTRACT

The present invention relates to a substrate for aliquid crystal
display device and a liquid crystal display device which are
used as, for example, a display unit of an electronic apparatus,
and an object of the present invention is therefore to provide
a substrate for a liquid crystal display device and a liquid
crystal display device capable of providing high transmit-
tance, high luminance, and good display characteristics as
well as ahigh production yield. A substrate for a liquid crystal
display device is provided with a storage capacitor bus line
formed approximately parallel with a gate bus line, a first
pixel electrode connected electrically to the source electrode
of a transistor, a second pixel electrode formed so as to be
opposed to part of the source electrode of the transistor via an
insulating film and to be separate from the first pixel elec-
trode, and a slit formed between the adjoining end portions of
the first pixel electrode and the second pixel electrode and
having a slit width which is greater than a shortest width in a
region over the storage capacitor bus line.
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SUBSTRATE FOR A LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a substrate for a
liquid crystal display device and a liquid crystal display
device which are used as, for example, a display unit of an
electronic apparatus.

[0003] 2. Description of the Related Art

[0004] In recent years, liquid crystal display devices have
come to be used for TV receivers, monitor devices of personal
computers, etc. In these purposes, liquid crystal display
devices are required to have a superior viewing angle charac-
teristic that allows the display screen to produce high-quality
images even when viewed from all directions. MVA (multi-
domain vertical alignment)-type liquid crystal display
devices are known as ones capable of providing a superior
viewing angle characteristic. In MVA-type liquid crystal dis-
play devices, the liquid crystal molecules are aligned perpen-
dicularly to the substrates when no voltages are applied.
When voltages are applied to the liquid crystal, the alignment
of the liquid crystal molecules is determined by projections
formed on the counter substrate or slits formed in a transpar-
ent electrode (ITO electrode).

[0005] In general, in vertical-alignment-type liquid crystal
display devices such as MVA-type ones in which the liquid
crystal molecules are aligned perpendicularly to the sub-
strates, a transmittance vs application voltage characteristic
(T-V characteristic) obtained when the display screen is
viewed from the direction perpendicular to it (i.e., front direc-
tion) is different from that obtained when the display screen is
viewed from an oblique direction. Because of this phenom-
enon, even if the T-V characteristic obtained when the display
screen is viewed from the direction perpendicular to it is
optimized, the color of an image looks whitish due to a
distorted T-V characteristic when the display screenis viewed
from an oblique direction. A pixel structure for solving this
problem is known in which each pixel is divided into two
sub-pixels A and B. A pixel electrode ¢ of the sub-pixel A is
electrically connected to the source electrode of a thin-film
transistor (TFT) for pixel driving and a pixel electrode 3 of the
sub-pixel B is insulated from the source electrode of the TFT
and rendered in a floating state.

[0006] In this pixel structure, a control capacitance Cc is
formed by the pixel electrode f§ of the sub-pixel B, the source
electrode of the TFT, and an insulating film interposed
between these two electrodes. Because of capacitive coupling
via the control capacitance Cc, a lower voltage is applied to
the pixel electrode f of the sub-pixel B than the pixel elec-
trode o of the sub-pixel A. As a result, regions having differ-
ent T-V characteristics are formed in the two regions of each
pixel so as to lower the degree of distortion of T-V character-
istics obtained when the display screen is viewed from
oblique directions, whereby the phenomenon that an image
looks whitish when viewed from an oblique direction can be
suppressed and the viewing angle characteristic can be
improved.

[0007] Theabove technique is disclosed in JP-A-2-12, U.S.
Pat. No. 4,840,460, and Japanese Patent No. 3,076,938.
[0008] Incidentally, aslitthatis formed between the adjoin-
ing end portions of the pixel electrodes o and [} and serves to
separate the sub-pixels A and B is usually as small as several
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micrometers in width. Therefore, if a patterning failure occurs
in forming the pixel electrodes o and B, a pixel electrode
forming material may remain in the slit to short-circuit the
pixel electrodes @ and p. This is a factor of lowering the
production yield of the liquid crystal display device. Further,
if the pixel electrodes o and  are short-circuited, the same
voltage is applied to the sub-pixels A and B and hence the
effect of lowering the degree of distortion of oblique-direc-
tion T-V characteristics is lost, resulting in a problem that it
becomes difficult to obtain good display characteristics.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is therefore to
provide a substrate for a liquid crystal display device and a
liquid-crystal display device capable of providing high trans-
mittance, high luminance, and good display characteristics as
well as a high production yield.

[0010] The above object is attained by a substrate for a
liquid crystal display device comprising a gate bus line
formed on an insulating substrate; a drain bus line formed so
as to cross the gate bus line with an insulating film interposed
in between; a storage capacitor bus line formed approxi-
mately parallel with the gate bus line; a transistor having a
gate electrode connected electrically to the gate bus line, a
drain electrode connected electrically to the drain bus line,
and a source electrode; a first pixel electrode connected elec-
trically to the source electrode of the transistor; a second pixel
electrode formed so as to be opposed to part of the source
electrode of the transistor via an insulating film and to be
separate from the first pixel electrode; and a slit formed
between adjoining end portions of the first pixel electrode and
the second pixel electrode and having a slit width which is
greater than a shortest width in a region over the storage
capacitor bus line.

[0011] The invention can realize a liquid crystal display
device capable of providing high transmittance, high lumi-
nance, and good display characteristics as well as a high
production yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 schematically shows the configuration of a
liquid crystal display device according to an embodiment of
the present invention;

[0013] FIG. 2 is an equivalent circuit diagram showing a
one-pixel configuration of the liquid crystal display device
according to the embodiment of the invention;

[0014] FIG. 3 is a plan view showing a one-pixel configu-
ration of a substrate for a liquid crystal display device accord-
ing to the embodiment of the invention; and

[0015] FIG. 4 is a sectional view showing the one-pixel
configuration of the substrate for a liquid crystal display
device according to the embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0016] A substrate for a liquid crystal display device and a
liquid crystal display device according to an embodiment of
the present invention will be hereinafter described with ref-
erence to FIGS. 1to 4.

[0017] FIG. 1 schematically shows the configuration of the
liquid crystal display device according to the embodiment.
FIG. 2 is an equivalent circuit diagram showing a one-pixel
configuration of the liquid crystal display device according to
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the embodiment. As shown in FIGS. 1 and 2, the liquid crystal
display device has a TFT substrate 20 which is provided with
gate bus lines 1 and drain bus lines (data bus lines) 2 which
cross each other with an insulating film interposed in
between, TFTs 4 which are formed for the respective pixels,
and first and the second pixel electrodes 6 and 7. The liquid
crystal display device is also equipped with a counter sub-
strate 40 which is opposed to the TFT substrate 20 with a
predetermined cell gap. A liquid crystal having negative
dielectric anisotropy, for example, is sealed between the TFT
substrate 20 and the counter substrate 40. Color filters (CFs)
and a common electrode 43 are formed on the liquid-crystal-
side surface of the counter substrate 40.

[0018] A gate bus line driving circuit 80 incorporating a
driver IC for driving the plural gate bus lines 1 and a drain bus
line driving circuit 82 incorporating a driver IC for driving the
plural drain bus lines 2 are connected to the TFT substrate 20.
The driving circuits 80 and 82 output scanning signals and
gradation signals to predetermined gate bus lines 1 and plural
drain bus lines 2 on the basis of control signals that are output
from a control circuit 84. A polarizing plate 87 is disposed on
that surface of the TFT substrate 20 which is opposite to its
liquid-crystal-side surface and a polarizing plate 86 is dis-
posed on that surface of the counter substrate 4 which is
opposite to its liquid-crystal-side surface, the polarizing
plates 86 and 87 being in a crossed-Nicols arrangement. A
backlight unit 88 is disposed on that surface of the polarizing
plate 87 which is opposite to the TFT substrate 20.

[0019] As shown in FIG. 2, the gate electrode G of the TFT
4 is electrically connected to the gate bus line 1 and its drain
electrode D is connected to the drain bus line 2. The source
electrode S of the TFT 4 is electrically connected to the first
pixel electrode 6, a storage capacitor electrode 8, and a con-
nection electrode 10. A first liquid crystal capacitance Clcl is
formed by the first pixel electrode 6, the common electrode 43
which is provided on the counter substrate 40 side and
opposed to the first pixel electrode 6, and that part of the liquid
crystal which is interposed between the first pixel electrode 6
and the common electrode 43. A storage capacitor Cs is
formed by the storage capacitor electrode 8, a storage capaci-
tor bus line 3 which is opposed to the storage capacitor elec-
trode 8, and that part of an insulating film which is interposed
between the storage capacitor electrode 8 and the storage
capacitor bus line 3. A control capacitance Cc is formed by the
connection electrode 10, the second pixel electrode 7 which is
opposed to the connection electrode 10, and that part of an
insulating film which is interposed between the connection
electrode 10 and the second pixel electrode 7. A second liquid
crystal capacitance Clc2 is formed by the second pixel elec-
trode 7, the common electrode 43 which is provided on the
counter substrate 40 side and opposed to the second pixel
electrode 7, and that part of the liquid crystal which is inter-
posed between the second pixel electrode 7 and the common
electrode 43. In the embodiment, the same potential is applied
to the storage capacitor bus line 3 and the common electrode
43.

[0020] As described above, the circuit configuration of
each pixel according to the embodiment is such that the
second liquid crystal capacitance Clc2 and the control capaci-
tance Cc are connected to each other in series and each of the
first liquid crystal capacitance Clcl and the storage capacitor
Cs is connected to the above series connection in parallel.
When the TFT 4 has been turned on, a pixel signal supplied to
the drain bus line 2 is applied to the first pixel electrode 6, the
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storage capacitor electrode 8, and the connection electrode
10. On the other hand, a common potential is applied to the
storage capacitor bus line 3 and the common electrode 43. As
a result, a potential that is lower than the potential of the
gradation signal applied to the first pixel electrode 6 by a
predetermined value is applied to the second pixel electrode
7

[0021] FIG. 3 is a plan view showing a one-pixel configu-
ration ofthe TFT substrate 20 as a substrate for aliquid crystal
display device according to the embodiment. FIG. 4 is a
sectional view taken along line a-a' in FIG. 3 showing the
configuration of the TFT substrate 20. As shown in FIGS. 3
and 4, the TFT substrate 20 has the gate bus line 1 which is
formed on a glass substrate (insulating substrate) 21 and the
drain bus line 2 which is formed so as to cross the gate bus line
1 with an insulating film 22 such as an SiN film interposed in
between. The TFT 4 as a switching element is disposed close
to the crossing point of the gate bus line 1 and the drain bus
line 2. Part of the gate bus line 1 functions as the gate electrode
G of the TFT 4. An operational semiconductor layer of the
TFT 4 is formed on the gate bus line 1 via the insulating film
(gate insulating film) 22, and the drain electrode D and the
source electrode S are formed on the operational semicon-
ductor layer so as to be opposed to each other with a prede-
termined gap. A final protective film 23 such as an SiN film is
formed above the drain electrode D and the source electrode
S over the entire substrate surface.

[0022] The storage capacitor bus line 3 is formed so as to
traverse a pixel region defined by the gate bus lines 1 and the
drain bus lines 2 and to extend parallel with the gate bus lines
1. The storage capacitor electrode 8, which is provided for
each pixel, is formed above the storage capacitor bus line 3
with the insulating film 22 interposed in between. The storage
capacitor electrode 8 is electrically connected to the source
electrode S of the TFT 4 via the connection electrode 10. The
storage capacitor Cs is formed by the storage capacitor bus
line 3 and the storage capacitor electrode 8 which are opposed
to each other via the insulating film 22 and the insulating film
22

[0023] The pixel region, which is defined by the gate bus
lines 1 and the drain bus lines 2, is divided into a first sub-pixel
A and a second sub-pixel B. As shown in FIG. 3, the first
sub-pixel A which has a trapezoidal shape, for example, is
disposed at the center (in the vertical direction as viewed in
FIG. 3) close to the left-hand end line of the pixel region. And
the second sub-pixel B occupies those portions of the pixel
region which exclude the first sub-pixel A, that is, a top
portion, a bottom portion, and a portion that is located at the
center (in the vertical direction as viewed in FIG. 3) close to
the right-hand end line of the pixel region. For example, in the
pixel region, each of the first sub-pixel A and the second
sub-pixel B is formed so as to be approximately line-sym-
metrical with respect to the storage capacitor bus line 3. The
first pixel electrode 6 is formed in the first sub-pixel A and the
second pixel electrode 7 is formed in the second sub-pixel B.
Each of the first pixel electrode 6 and the second pixel elec-
trode 7 is a transparent conductive film such as an ITO film.
[0024] A slit 13 is formed between the adjoining end por-
tions of the first pixel electrode 6 and the second pixel elec-
trode 7 as an ITO-film-omitted portion. Since the first pixel
electrode 6 and the second pixel electrode 7 are shaped as
described above, the slit 13 is shaped so as to extend approxi-
mately perpendicularly to the storage capacitor bus line 3
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from the right side of the pixel and then extend obliquely
upward and downward toward the left side of the pixel.
[0025] The width of the slit 13, which is formed between
the adjoining end portions of the first pixel electrode 6 and the
second pixel electrode 7, varies depending on the position.
The oblique portions of the slit 13 function not only as sepa-
ration slits for separating the first pixel electrode 6 and the
second pixel electrode 7 from each other but also as alignment
control structures for controlling the alignment direction of
the liquid crystal. If the width of the slit 13 is too great, the
electrode areas of the first pixel electrode 6 and the second
pixel electrode 7 are reduced, as a result of which the trans-
mittance and hence the luminance is lowered. In view of these
conditions, the width ¢ of those portions of the slit 13 which
extend upward and downward toward the left side of the pixel
is set at about 10 pm.

[0026] On the other hand, as indicated by an imaginary
ellipse 12, those portions of the slit 13 which extend approxi-
mately perpendicularly to the storage capacitor bus line 3
from the right side of the pixel do not contribute to the align-
ment control of the liquid crystal and exist only for separating
the first pixel electrode 6 and the second pixel electrode 7
from each other. Therefore, the width of these portions of the
slit 13 may be set at a minimum width b taking into consid-
eration a patterning margin of the current photolithography
technology for liquid crystal display devices; in the embodi-
ment, the minimum width b is set at 7 wm. This can lower the
probability that the first pixel electrode 6 and the second pixel
electrode 7 are connected to each other when they are formed.
[0027] Asindicated by an imaginary ellipse 11, the portion
over the storage capacitor bus line 3 is shielded from light
coming from the backlight unit 88 and hence does not con-
tribute to the transmittance. Therefore, to further lower, in a
reliable manner, the probability that the first pixel electrode 6
and the second pixel electrode 7 are connected to each other
when they are formed, the width a of the portion, over the
storage capacitor bus line 3, the slit 13 is set greater than the
minimum width b. In the embodiment, the width a of the
portion over the storage capacitor bus line 3 is set at about 10
pm, which is the same as the width c. However, the width a is
only required to be greater than the minimum width b and
may be either greater than or shorter than the width c. With
these measures, the rate of occurrence of short-circuiting of
the first pixel electrode 6 and the second pixel electrode 7
during their formation can be reduced without lowering the
transmittance of the liquid crystal display device.

[0028] Incidentally, the first pixel electrode 6 is connected
to the storage capacitor electrode 8 via a contact hole 9 which
is formed through the final protective film 23. The storage
capacitor electrode 8 is electrically connected to the source
electrode S of the TFT 4 via the connection electrode 10. By
this, the first pixel electrode 6 is connected directly to the
source electrode S of the TFT 4, and a gradation signal on the
drain bus line 2 is supplied to the first pixel electrode 6 when
the TFT 4 is in an on-state. When viewed perpendicularly to
the substrate surface, a portion of the second pixel electrode 7
overlaps with portions of the connection electrode 10 and the
storage capacitor electrode 8 with the final protective film 23
interposed in between. Those portions of the connection elec-
trode 10 and the storage capacitor electrode 8 which overlap
with the portion of the second pixel electrode 7 function as a
control capacitance electrode, and the control capacitance
(second storage capacitor) Cc is formed by the control capaci-
tance electrode, the second pixel electrode 7, and that part of
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the final protective film 23 which is interposed in between. In
this manner, the second pixel electrode 7 is connected indi-
rectly to the source electrode S of the TFT 4 via the control
capacitance Cc (capacitive coupling).

[0029] The counter electrode 40 has a CF resin layer (not
shown) formed on the glass substrate and the common elec-
trode 43 formed on the CF resin layer. The liquid crystal
capacitance Clcl is formed between the first pixel electrode 6
of the first sub-pixel A and the common electrode 43 which
are opposed to each other via the liquid crystal. The liquid
crystal capacitance Clc2 is formed between the second pixel
electrode 7 of the second sub-pixel B and the common elec-
trode 43. A vertical alignment film (not shown) in formed at
the boundary between the TFT substrate 20 and the liquid
crystal and another vertical alignment film (not shown) in
formed at the boundary between the counter substrate 40 and
the liquid crystal, whereby the liquid crystal molecules are
aligned approximately perpendicularly to the substrate sut-
faces when no voltages are applied.

[0030] When the TFT 4 is turned on and a gradation signal
is supplied, the potential of the gradation signal is applied to
the first pixel electrode 6 and a predetermined potential that is
lower than the potential of the gradation signal is applied to
the second pixel electrode 7 from the connection electrode 10
via the final protective film 23. As a result, two regions having
different T-V characteristics are formed in each pixel so as to
lower the degree of distortion of oblique-direction T-V char-
acteristics, whereby the phenomenon that the color of an
image looks whitish when viewed from an oblique direction
can be suppressed and the viewing angle characteristic can
thereby be improved.

[0031] Inthe embodiment, the width ofthe slit 13 is 7 yun at
the minimum and the widths of those portions of the slit 13
which do not contribute to the display characteristics are
greater than 7 pm. This prevents the phenomenon that a pixel
electrode material remains in the slit 13 during patterning of
the first pixel electrode 6 and the second pixel electrode 7 and
the pixel electrodes 6 and 7 are short-circuited. The produc-
tion yield of the liquid crystal display device can thereby be
increased. Since the short-circuiting of the first pixel elec-
trode 6 and the second pixel electrode 7 can be prevented
reliably, good display characteristics can be obtained in
which the degree of distortion of oblique-direction T-V char-
acteristics is lowered.

[0032] As shown in FIG. 3, storage capacitor lead lines 5
are formed so as to lead from the storage capacitor bus line 3
and to extend approximately along the center line of the slit
13. The storage capacitor lead lines 5 flatten electric fields that
develop around the slit 13 when voltages are applied to the
liquid crystal, which prevents singular points of alignment
vectors of the liquid crystal from occurring in the slit 13.
[0033] Further, as shown in FIG. 3, the storage capacitor
lead lines 5 overlap with the first pixel electrode 6 when
viewed perpendicularly to the substrate surface. This makes it
possible to increase the aperture ratio of the sub-pixel A while
increasing the area of the electrode for forming the storage
capacitor Cs.

[0034] The invention is not limited to the above embodi-
ment and various modifications are possible.

[0035] For example, although the embodiment is directed
to the VA-mode (MVA-type) liquid crystal display device, the
invention is not limited to such a case and can also be applied
to other types of liquid crystal display devices such as TN-
mode ones.
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[0036] Although the embodiment is directed to the trans-
mission-type liquid crystal display device, the invention is not
limited to such a case and can also be applied to reflection-
type and transflective-type liquid crystal display devices.
[0037] Although the embodiment is directed to the liquid
crystal display device in which the CFs are formed on the
counter substrate which is opposed to the TFT substrate, the
invention is not limited to such a case and can also be applied
to liquid crystal display devices having what is called a CF-
on-TFT structure in which CFs are formed on the TFT sub-
strate.

What is claimed is:

1. A substrate for a liquid crystal display device, compris-

ing:

a gate bus line formed on an insulating substrate;

a drain bus line formed so as to cross the gate bus line with
an insulating film interposed in between;

a storage capacitor bus line formed approximately parallel
with the gate bus line;

a transistor having a gate electrode connected electrically
to the gate bus line, a drain electrode connected electri-
cally to the drain bus line, and a source electrode;

a first pixel electrode connected electrically to the source
electrode of the transistor;
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a second pixel electrode formed so as to be opposed to part
of the source electrode of the transistor via an insulating
film and to be separate from the first pixel electrode; and

a slit formed between adjoining end portions of the first
pixel electrode and the second pixel electrode and hav-
ing a slit width which is greater than a shortest width in
a region over the storage capacitor bus line.

2. The substrate for a liquid crystal display device accord-
ing to claim 1, further comprising a storage capacitor lead line
which leads from the storage capacitor bus line and extends
along the slit.

3. The substrate for a liquid crystal display device accord-
ing to claim 2, wherein at least part of the storage capacitor
lead line overlaps with part of the first pixel electrode when
viewed perpendicularly to a surface of the insulating sub-
strate.

4. The substrate for a liquid crystal display device accord-
ing to claim 1, wherein the shortest width is 7 um or more.

5. A liquid crystal display device comprising:

a pair of substrates opposed to each other; and

a liquid crystal sealed between the pair of substrates,

wherein the substrate for a liquid crystal display device
according to claim 1 is used as one of the pair of
substrates.
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