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(57) ABSTRACT

In a TFT substrate partially constituting a liquid crystal
panel, gate bus lines and data bus lines are provided in
orthogonal directions to each other, and a switching element
(TFT) is provided in the vicinity of each of intersecting
points of these bus lines. Further, Cs bus lines forming
auxiliary capacitances (Cs) together with picture element
electrodes each of which is provided for each picture ele-
ment are provided in the direction parallel to the data bus
lines. The gate bus lines, the data bus lines, and the Cs bus
lines are provided at equal wiring intervals, respectively, and
picture element regions each having the shape of a square
are delimited by the Cs bus lines as boundaries.
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FIG. 1 (PRIOR ART)
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FIG. 3
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FIG. 4
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LIQUID CRYSTAL PANEL AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2004-283474 filed on Sep.
29, 2004, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device. More specifically, the present inven-
tion relates to an active matrix type liquid crystal panel and
a liquid crystal display device adapted to improve an apet-
ture ratio.

[0004] (b) Description of the Related Art

[0005] Liquid crystal display devices have the advantages
in that they are thin and light and that they can be driven at
low voltages and have low power consumption. Accord-
ingly, liquid crystal display devices are used in various kinds
of electronic devices such as televisions, desktop personal
computers (PCs), notebook PCs, personal digital assistants
(PDAs), mobile phones, and the like. In particular, active
matrix liquid crystal display devices, in which a thin film
transistor (TFT) as a switching element is provided for each
picture element, exhibit excellent display characteristics,
which are comparable to those of cathode ray tube (CRT)
displays, because of high driving capabilities thereof, and
therefore they have been widely used even in fields where
CRT displays have been used heretofore, such as televisions
and desktop PCs.

[0006] A typical liquid crystal display device has a struc-
ture in which liquid crystals are contained between two
transparent substrates made of glass plates. On one sub-
strate, a TFT, a picture element electrode, and the like, are
formed for each picture element. On the other substrate,
color filters, a common electrode (counter electrode), and
the like, which face the picture element electrodes, are
formed. In the description below, for convenience, the
substrate on which the TFTs, the picture element electrodes,
and the like, are formed is referred to as a “TFT substrate,”
and the substrate on which the color filters, the common
electrode, and the like, are formed is referred to as a “counter
substrate.” Further, the structure including the TFT sub-
strate, the counter substrate, and the liquid crystals contained
therebetween is referred to as a “liquid crystal panel.”

[0007] FIG. 1 schematically shows, in the form of a plan
view, the constitution of a TFT substrate in a prior art active
matrix liquid crystal panel.

[0008] As shown in the drawing, a plurality of gate bus
lines 11 extending horizontally (laterally), a plurality of data
bus lines 12 extending vertically (longitudinally), and a
plurality of auxiliary capacitance (Cs) bus lines 13 extending
parallel to the gate bus lines 11, are formed on the TFT
substrate 10. The gate bus lines 11 and the Cs bus lines 13
are provided with the respective equal pitches (wiring inter-
vals), and the data bus lines 12 are also provided with equal
pitches (note, approximately 1/3 of the pitches of the gate
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bus lines 11 and the Cs bus lines 13). Thus, each region
surrounded by two adjacent gate bus lines 11 and two
adjacent data bus lines 12 constitutes a unit picture element.
In the region of this unit picture element, a picture element
electrode 14 (indicated by a dashed line) is formed. Different
regions (picture element electrodes 14) of unit picture ele-
ments are provided for the colors of R (red). G (green), and
B (blue), respectively. Three laterally adjacent R, G, and B
sub-pixels constitute one picture element (pixel). Fach of R,
G, and B picture elements (sub-pixels) has a rectangular
shape with an aspect ratio of approximately 3:1. It is noted
that reference numeral 15 (portion surrounded by a dotted
line) denotes two thin film transistors (TFTs) connected in
series, reference numeral 16 denotes a contact hole for
connecting the drain region of the TFTs 15 to the data bus
line 12, reference numerals 17 and 18 denote contact holes
for connecting the source region of the TFTs 15 to the
picture element electrode 14, and reference numeral 19
denotes a semiconductor region forming an auxiliary capaci-
tance Cs together with the Cs bus line 13 for each picture
element.

[0009] As shown in FIG. 1, in the constitution of the prior
art liquid crystal panel (TFT substrate 10), each of the R, G,
and B picture elements (sub-pixels) constituting one picture
element (pixel) has a rectangular shape with an aspect ratio
of approximately 3:1. Accordingly, in order to reduce the
area of a portion of the relevant picture element which does
not effectively contribute to display, to a minimum (i.e.,
reduce a decrease in the aperture ratio to a minimum), it has
been necessary to minimize the wiring length of the Cs bus
line 13 crossing the relevant picture element region. For this
purpose, the Cs bus lines 13 have needed to be provided
parallel to the gate bus lines 11. In such a layout, the picture
element regions (picture element electrodes 14) are neces-
sarily defined by the data bus lines 12 as boundaries. Taking
into cousideration the overlaps with the picture element
electrodes 14 and the distances between adjacent picture
element electrodes 14, the wiring width of the data bus line
12 cannot be made too narrow. Namely, since the witing
width of the data bus line 12 needs to be appropriately made
wide, it has caused a decrease in the aperture ratio.

[0010] Moreover, as the trend toward higher definition
grows, a reduction in the time for writing into picture
elements has posed a problem. For example, in the case
where the frame frequency is 60 Hz (the number of frames
scanned for one second is 60), the scanning time for one
frame is approximately 16.7 ms (=Y%o s). In the case where
the pixel format is VGA (Video Graphics Array: 640x480
picture elements), the time assigned for one horizontal line
is approximately 32 us. If the number of picture elements
further increases (SVGA (Super VGA: 800x600 picture
elements), XGA (extended GA: 1024x768 picture ele-
ments), or the like), the time assigned for one horizontal line
is further reduced, and the time for writing into picture
elements needs to be reduced correspondingly. In order to
reduce this write time, for example, it can be considered that
the transistor size of each picture element is increased.
However, where the transistor size is increased, the area of
a portion of the relevant picture element which does not
effectively contribute to display increases. Accordingly, the
aperture ratio decreases, and there occurs a problem in that
display becomes dim.
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[0011] Moreover, in a field sequential color system in
which data is divided by time division for each of the colors
of R, G, and B, or the like and written into picture elements
and in which R, G, and B light sources or the like are
time-sequentially turned on synchronously with the writing,
there has occurred a problem in that the time assigned for
one horizontal line is further reduced. For example, in a
general active matrix LCD, in order to prevent flickers, a
write operation is performed at approximately 60 Hz (Yo s
per one frame). In the case where field sequential drive is
performed by constituting a color image for one frame using
three fields of the three primary colors of RGB, a period for
one field is ¥iso s (=460 sx¥3), and the time assigned for one
horizontal line needs to be reduced by a factor of approxi-
mately ¥5. Namely, there has been a disadvantage in that the
time allowable for writing is limited.

[0012] Furthermore, in the field sequential color system,
after data (e.g., R data for one field) is written into all of the
picture elements constituting one frame, the color of a light
source needs to be switched (e.g., a light source of G or B
needs to be turned on). Accordingly, the total time required
for writing data of all the colors (R, G, and B) into all the
picture elements becomes longer by an amount correspond-
ing to the above-described switching. In particular, there has
been a disadvantage in that the time for writing into all the
picture elements increases as the number of picture elements
increases.

[0013] Moreover, in an impulse drive system in which a
light source is turned on in a pulsating manner (turned on
only for a partial time of one-frame time) in order to improve
the image quality of a moving video picture, the total time
required for writing into all the picture elements also needs
to be reduced. However, similar to the case of the above-
described field sequential drive, there has been a disadvan-
tage in that the time for writing into all the picture elements
increases as the number of picture elements increases.

[0014] As the art relating to the above-described prior art,
for example, as described in Japanese unexamined Patent
Publication (JPP) 10-232408, there is a liquid crystal panel
in which picture element electrodes and TFTs are formed to
correspond to the intersections of control bus lines and data
bus lines, in which capacitor bus lines forming auxiliary
capacitances together with the picture element electrodes are
formed, and which has auxiliary capacitance patterns
branching from the capacitor bus lines and extending along
the data bus lines. In this liquid crystal panel, where a short
circuit between a data bus line and an auxiliary capacitance
pattern is found out, the defective portion can be easily
recovered. Further, as the art relating to the aforementioned
field sequential drive, for example, as described in JPP
2002-311411, there is a technology in which a high-defini-
tion liquid crystal panel is realized using an amorphous
silicon-type liquid crystal element and in which uniform
back lighting is realized by adopting a point light source type
as a back light necessary for the liquid crystal panel.

[0015] As described above, in the prior art, each of R, G,
and B picture elements (sub-pixels) constituting one picture
element (pixel) has a rectangular shape with an aspect ratio
of approximately 3:1. This requires that the Cs bus lines 13
be provided parallel to the gate bus lines 11, and that the
wiring width of the data bus line 12 be made wide accord-
ingly. Consequently, there has been a problem in that the
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aperture ratio decreases. Further, with the development of
the trend toward higher definition, there has been a problem
in that a sufficient write time cannot be ensured for liquid
crystal panels of drive systems in which the time allowable
for writing into picture elements is limited, and for liquid
crystal panels having a large number of picture elements.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to provide a
liquid crystal panel and a liquid crystal display device in
which the aperture ratio can be increased and in which the
time for writing into all the picture elements can be reduced.

[0017] To attain the above object, according to one aspect
of the present invention, there is provided a liquid crystal
panel including: a plurality of gate bus lines extending in a
first direction; a plurality of data bus lines extending in a
second direction intersecting the first direction; a switching
element provided for each picture element, the switching
element using part of a corresponding gate bus line as a gate
electrode and being electrically connected to a correspond-
ing data bus line; a picture element electrode provided for
each picture element and electrically connected to a corre-
sponding switching element; a counter electrode placed with
liquid crystals interposed between the counter electrode and
the picture element electrode; and a plurality of auxiliary
capacitance bus lines extending in the second direction and
each forming an auxiliary capacitance together with the
picture element electrode for each picture element, wherein
a picture element region having the shape of a square is
delimited by the respective auxiliary capacitance bus lines as
boundaries.

[0018] In the constitution of the liquid crystal panel
according to this aspect, the data bus lines extend in the
second direction (direction parallel to the Cs bus lines)
within the picture element regions. Further, unlike the prior
art (FIG. 1) in which the picture element regions (picture
element electrodes) are separated by the data bus lines as
boundaries, the picture element regions (picture element
electrodes) are separated by the Cs bus lines as boundaries.
Accordingly, unlike the prior art, in designing the wiring
width of the data bus line, it is unnecessary to take into
consideration the overlaps with the picture element elec-
trodes and the distances between adjacent picture element
electrodes. Accordingly, the data bus lines can be made
relatively narrow. As a result, the aperture ratio can be
incresed.

[0019] Moreover, in the prior art (FIG. 1), since the data
bus lines intersect the Cs bus lines, wiring capacitances are
considerably formed in the intersections of these bus lines.
Meanwhile, in the constitution according to the present
invention, since the data bus lines are provided parallel to
the Cs bus lines (i.e., does not intersect), wiring capacitarces
are not substantially formed between these bus lines. Fur-
thermore, since the data bus lines can be made narrow,
wiring capacitances formed between the data bus lines and
the picture element electrodes, and wiring capacitances
formed between the data bus lines and the gate bus lines, can
be made relatively small. This makes it possible to greatly
reduce the total wiring capacitance of the data bus line in
each of the picture elements. As a result, it is possible to
reduce the time required for writing into each of the picture
elements and, accordingly the time for writing into all the
picture elements.
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[0020] Also, according to another aspect of the present
invention, there is provided a liquid crystal display device
including: the liquid crystal panel according to claim 1; a
gate driver for driving the plurality of gate bus lines; a data
driver for driving the plurality of data bus lines; and a
control unit into which a display signal and a timing signal
are input and which controls the gate driver and the data
driver, wherein two or more gate bus lines among the
plurality of gate bus lines are simultaneously driven by the
gate driver under control of the control unit, and the plurality
of data bus lines are simultaneously driven by the data driver
under control of the control unit, and display data are
simultaneously written into a plurality of rows of picture
elements corresponding to the gate bus lines simultaneously
driven by the gate driver.

[0021] With the liquid crystal display device according to
this aspect, in addition to the effects (increase in the aperture
ratio, reduction in the write time) obtained in the liquid
crystal panel according to the aforementioned aspect, the
time for writing into all the picture elements can be greatly
reduced (e.g., by a factor of approximately %2 in the case
where the number of gate bus lines simultaneously driven is
two), compared with that of a system in which data is written
by sequentially driving each row of the picture elements
corresponding to one gate bus line as heretofore. This is
because two or more gate bus lines are simultaneously
driven and display data is simultaneously written into the
plurality of rows of the picture elements corresponding to
these gate bus lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a plan view schematically showing the
constitution of a TFT substrate in a prior art liquid crystal
panel;

[0023] FIG. 2 is a plan view schematically showing the
constitution of a TFT substrate in a liquid crystal panel
according to a first embodiment of the present invention;

[0024] FIG. 3 is a cross-sectional view schematically
showing the constitution of part of the liquid crystal panel
according to the first embodiment;

[0025] FIG. 4 is a plan view schematically showing the
constitution of a TFT substrate in a liquid crystal panel
according to a second embodiment of the present invention;

[0026] FIG. 5 is a plan view schematically showing the
constitution of a TFT substrate in a liquid crystal panel
according to a third embodiment of the present invention;

[0027] FIG. 6 is a plan view schematically showing the
constitution of a TFT substrate in a liquid crystal panel
according to a fourth embodiment of the present invention;
and

[0028] FIG. 7 is a block diagram showing the constitution
of a liquid crystal display device in which the liquid crystal
panel according to the third or fourth embodiment is used.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.
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First Embodiment

[0030] FIG. 2 schematically shows, in the form of a plan
view, the constitution of a TFT substrate in an active matrix
liquid crystal panel according to a first embodiment of the
present invention, and FIG. 3 schematically shows, in the
form of a cross-sectional view, the constitution of part of the
liquid crystal panel. In the example of FIG. 2, for simpli-
fication of illustration, a glass substrate, an interlayer insu-
lating film, a gate insulating film, and the like, are omitted.

[0031] As shown in FIG. 3, the liquid crystal panel 150
according to the present embodiment includes a TFT sub-
strate 100, a counter substrate 140, and a liquid crystal layer
145 made of liquid crystals contained between the TFT
substrate 100 and the counter substrate 140. The layer
structure of each substrate will be described later.

[0032] As shown in FIG. 2, a plurality of gate bus lines
101 extending horizontally (laterally), a plurality of data bus
lines 102 extending vertically (longitudinally), and a plural-
ity of auxiliary capacitance (Cs) bus lines 103 also extending
vertically, are formed on the TFT substrate 100. The bus
lines 101, 102, and 103 are provided with equal pitches
(wiring intervals), respectively. Each square region sur-
rounded by two adjacent gate bus lines 101 and two adjacent
Cs bus lines 103 constitutes a “unit picture element.”
Namely, each picture element has Cs bus lines 103 and gate
bus lines 101 as boundaries, and a picture element electrode
104 (indicated by a dashed line for better viewing of the
drawing) is formed in the region of this picture element. In
the example shown in the drawing, picture element elec-
trodes 104 for four picture elements are shown. In the case
where the wiring widths of the gate bus line 101 and the Cs
bus line 103 are equal to each other, the shape of the picture
element electrode 104 is also a square. However, in many
cases, since the Cs bus lines 103 are relatively wider and
picture element electrode intervals are selected wider in
consideration of manufacturing yield, the shape of the
picture element electrode 104 does not necessarily become
square even if the shape of the unit picture element is the
square.

[0033] Moreover, the data bus lines 102 are provided so as
to longitudinally cross approximately the middles of the
picture element regions (picture element electrodes 104) in
the vertical direction (direction parallel to the Cs bus lines
103), and are isolated from the gate bus lines 101 with an
insulating film interposed therebetween at the positions
where the data bus lines 102 intersect the gate bus lines 101.
The Cs bus lines 103 are provided along the boundaries
between the picture element regions (picture element elec-
trodes 104) in the vertical direction, and are similarly
isolated from the gate bus lines 101 with an insulating film
interposed therebetween at the positions where the Cs bus
lines 103 intersect the gate bus lines 101. In this case, the Cs
bus lines 103 are formed by patterning part of a conductive
layer constituting the gate bus lines 101 as described later
(i.e., the bus lines 101 and 103 become electrically shorted
if they are simply crossed). Accordingly, as shown in FIG.
2, the Cs bus lines 103 are separated at the intersections with
the gate bus lines 101. The separated Cs bus lines 103 are
electrically connected to conductive layers 106 formed by
patterning part of the conductive layer constituting the data
bus lines 102, via contact holes 105 formed in the insulating
film.
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[0034] Furthermore, in each of the picture element
regions, thin film transistors (TFTs) 107 as switching ele-
ments are provided so as to correspond to the intersection of
the data bus line 102 and the gate bus line 101. The TFTs 107
(portion surrounded by a dotted line) include two TFTs
which have lightly doped drain (LDD) structures and which
are connected in series. In liquid crystal display devices, it
is ideal that the state in which data (electric charge) is written
into an auxiliary capacitance (Cs) of a picture element is
maintained constant until the next data is written. However,
the potential of the auxiliary capacitance is actually lowered
due to a leakage current and the like in TFTs. Accordingly,
in order to reduce the leakage current, TFTs are formed in
LDD structures, and two TFTs are connected in series.
Although two TFTs are connected in series in the present
embodiment, it is a matter of course that the number of
connected TFTs is not limited to two. Further, although two
TFTs having LDD structures are also connected in series in
each of the picture elements in other embodiments as
described later, the number of connected TFTs is not simi-
larly limited to two. In the description below, for conve-
nience of explanation, two TFTs connected in series will be
collectively called “TFT.”

[0035] 1Ineach of the picture element regions, the TFT 107
(portion surrounded by a dotted line) uses part of the gate
bus line 101 as a gate electrode G. Further, a drain region D
and a source region S are placed with this gate bus line 101
interposed therebetween. The drain region D of the TFT 107
is electrically connected to the data bus line 102 via a contact
hole 108 formed in an insulating film. On the other hand, the
source region S is electrically connected to a conductive
layer (not shown) via a contact hole 109 formed in an
insulating film, and further electrically connected to the
picture element electrode 104 via a contact hole 110 formed
in an insulating film.

[0036] Moreover, reference numeral 111 denotes a semi-
conductor region forming the auxiliary capacitance Cs
together with the Cs bus line 103 for each of the picture
elements. The semiconductor region 111 is a region which
functions as one electrode of the auxiliary capacitance Cs.
This semiconductor region 111 is shared with the source
region S of the TFT 107 as described later, and therefore
electrically connected to the picture element electrode 104
via the contact holes 109 and 110. That is, the auxiliary
capacitance Cs is formed between the Cs bus line 103 and
the picture element electrode 104 from an electrical point of
view.

[0037] Next, the layer structure of the liquid crystal panel
150 (the TFT substrate 100, the counter substrate 140, and
the liquid crystal layer 145) of the present embodiment will
be described with reference to FIG. 3. It is noted that, in the
structure shown in FIG. 3, only one TFT 107 is shown for
better viewing of the drawing.

[0038] On a glass substrate 121 which serves as the base
of the TFT substrate 100, an insulating film 122 made of, for
example, SiO, or SiN, is formed. Further, on predetermined
regions (regions which are indicated by dashed lines in the
drawing and in which the TFT 107 and the auxiliary
capacitance Cs are to be formed) of the insulating film 122,
a semiconductor layer 123 made of amorphous silicon or
polysilicon is formed. Moreover, predetermined regions
(regions in which the source/drain regions of the TFT 107
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and one electrode region of the auxiliary capacitance Cs are
to be formed) of the semiconductor layer 123 are doped with
impurities, for example, such as phosphorus, boron, or the
like, to form n-type or p-type semiconductor regions 124.
Further, on the semiconductor layer 123 and the semicon-
ductor regions 124, an insulating film 125 made of, for
example, SiN, is formed. This insulating film 125 protects
the channel of the TFT 107 and functions as part of dielectric
material partially constituting the auxiliary capacitance Cs.
Furthermore, regions around the n-type or p-type semicon-
ductor regions 124 are doped with impurities, such as
phosphorus, boron, or the like, at high density to form
n*-type or p*-type semiconductor regions 126. A partial
region of the semiconductor regions 126 is delimited as the
drain region D of the TFT 107, and the other partial region
thereof is delimited as the source region S of the TFT 107
and one electrode region 111 of the auxiliary capacitance Cs.

[0039] Moreover, an insulating film 127 made of, for
example, SiO, or SiN, is formed on the entire surface to
cover the insulating film 125 and the semiconductor regions
126. This insulating film 127 functions as a gate insulating
film of the TFT 107 and functions as part of dielectric
material partially constituting the auxiliary capacitance Cs.
Further, on the insulating film 127, a conductive layer 128
made of, for example, aluminum (Al), molybdenum (Mo),
or the like, and patterned into a required shape is formed.
The conductive layer 128 includes the gate bus line 101
constituting the gate electrode G (FIG. 2) of the TFT 107
and the Cs bus line 103 constituting the other electrode of
the auxiliary capacitance Cs.

[0040] Furthermore, an insulating film 129 made of, for
example, Si0, or SiN, is formed on the entire surface to
cover the conductive layer 128. On the insulating film 129,
a conductive layer 130 made of, for example, Al, titanium
(Ti), or the like, and patterned into a required shape is
formed. The conductive layer 130 includes the data bus line
102 and the conductive layer 106 (FIG. 2), and intercon-
nections for connecting to the picture element electrode 104
the TFT 107 and the auxiliary capacitance Cs. Accordingly,
the conductive layer 130 is electrically connected to the
heavily doped semiconductor regions 126 (the drain region
D and source region S of the TFT 107, and one electrode
region 111 of the auxiliary capacitance Cs) via the contact
holes 108 and 109 formed in required positions in the
insulating film 129.

[0041] Incidentally, in the example shown in the drawing,
the auxiliary capacitance Cs is realized in the form of a
“MOS (metal oxide (insulating film) semiconductor) capaci-
tor” including the semiconductor region 126 (one electrode),
the conductive layer 128 (other electrode), and the insulating
films 125 and 127 (dielectric material) formed therebetween.
However, instead of the MOS structure, the auxiliary capaci-
tance Cs may be formed between the conductor layers 128
and 130.

[0042] Furthermore, a planarized insulating film 131 made
of, for example, SiO, or SiN, is formed on the entire surface
to cover the conductive layer 130 and the insulating film
129. On the insulating film 131, a conductive layer 132
patterned into a required shape is formed. The conductive
layer 132 constitutes the picture element electrode 104 and
is, for example, made of transparent conductive material
such as indium tin oxide (ITO) or the like, in the case of a
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transmissive LCD, or made of Al, Al alloy, or the like, in the
case of a reflective LCD. The conductive layer 132 (picture
element electrode 104) is electrically connected via a contact
hole 110 formed at a required position in the insulating film
131 to the conductive layer 130 including the interconnec-
tion connected to the TFT 107 and the auxiliary capacitance
Cs.

[0043] Furthermore, an alignment film 133 made of poly-
imide resin or the like is formed to cover the surfaces of the
conductive layer 132 (picture element electrode 104) and the
insulating film 131. The alignment film 133 is for regularly
aligning the directions (orientations) of liquid crystal mol-
ecules in the liquid crystal layer 145. In addition to the
alignment film 133, for example, patterned protrusions hav-
ing predetermined shapes as means for regulating the align-
ment (domains) of the liquid crystal molecules may be
formed on the picture element electrode 104. Such protru-
sions can be formed using, for example, photoresist or the
like. Various protrusions having the shapes of stripes, banks,
hemispheres, pyramids, or the like, can be formed. Where
such protrusions are formed, the alignment film 133 is
formed to cover the protrusions.

[0044] On the other hand, on the surface (lower surface in
the example of FIG. 3) of a glass substrate 141 which serves
as the counter substrate 140, formed are a conductive layer
142 (common electrode or counter electrode) made of
transparent conductive material, such as ITO or the like, and,
although not shown, columnar spacers for maintaining the
thickness (cell gap) of the liquid crystal layer 145 constant.
The columnar spacers can be formed using photoresist or the
like. Instead of these, spherical spacers made of silica, resin,
or the like, may be filled into the liquid crystal layer 145.
However, columnar spacers are more suitable for precisely
regulating the cell gap. Furthermore, an alignment film 143
made of polyimide resin or the like is formed to cover the
surface of the common electrode (conductive layer 142). In
the counter substrate 140, protrusion patterns for domain
regulation may also be formed on the common electrode 142
as needed, similarly to the TFT substrate 100 side. Inciden-
tally, color filters are not provided in the counter substrate
140 shown in the drawing. This is because, in the present
invention, it is mainly intended to drive an LCD in the field
sequential color system using a liquid crystal panel for
monochrome display as described later.

[0045] Moreover, as liquid crystals constituting the liquid
crystal layer 145 of the liquid crystal panel 150, ferroelectric
liquid crystals suitable for high-speed response are used.
However, it is a matter of course that liquid crystal material
is not limited to the above example. For example, it is
possible to suitably use liquid crystals of twisted nematic
(TN) mode, vertical alignment (VA) mode, multi-domain
vertical alignment (MVA) mode, or the like.

[0046] As described above, in the constitution of the liquid
crystal panel 150 (TFT substrate 100) according to the first
embodiment (FIGS. 2 and 3), the data bus lines 102 extend
approximately in the middles of the picture element regions
(picture element electrodes 104) in the vertical direction
(direction parallel to the Cs bus lines 103). Further, unlike
the prior art (FIG. 1) in which the picture element regions
(picture element electrodes 14) are separated by the data bus
lines 12 as boundaries, the picture element regions (picture
element electrodes 104) are separated by the Cs bus lines
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103 as boundaries. Accordingly, unlike the prior art, in
designing the wiring width of the data bus line 102, it is
unnecessary to take into consideration the overlaps with the
picture element electrodes and the distances between adja-
cent picture element electrodes. Accordingly, the data bus
lines 102 can be made narrow. As a result, the aperture ratio
can be increased.

[0047] Moreover, in the prior art (FIG. 1), since the data
bus lines 12 intersect the Cs bus lines 13 having a relatively
larger wiring width, wiring capacitances are considerably
formed in the intersections of the bus lines 12 and 13.
Meanwhile, in the present embodiment (FIG. 2), since the
data bus lines 102 are placed parallel to the Cs bus lines 103
having a relatively larger wiring width (i.e., do not intersect),
wiring capacitances are not substantially formed between
the bus lines 102 and 103. Furthermore, since the data bus
lines 102 can be made narrow, wiring capacitances formed
between the data bus lines 102 and the picture element
electrodes 104, and wiring capacitances formed between the
data bus lines 102 and the gate bus lines 101, can be made
relatively small. This makes it possible to greatly reduce the
total wiring capacitance of the data bus line 102 in each of
the picture elements. As a result, it is possible to reduce the
time required for writing into each of the picture elemens,
and accordingly the time for writing into all the picture
elements. This makes it possible to sufficiently ensure a
write time even for liquid crystal panels of the field sequen-
tial color system in which the time allowable for writing into
a picture element is limited, and for SVGA and XGA liquid
crystal panels in which the number of picture elements is
large.

[0048] Moreover, since the wiring capacitance of the data
bus line 102 is reduced, the difference in time constant
between the start point (top of the screen) and the end point
(bottom of the screen) of the relevant data bus line 102 is
reduced when a data signal is transmitted on the relevant
data bus line 102. Accordingly, a difference in brightness
between the top and bottom of the screen becomes hard to
occur, and an occurrence of brightness unevenness can be
suppressed (improvement in the brightness unevenness). In
addition, since the data bus lines 102 are not used as the
boundaries between the picture element regions (picture
element electrodes 104), it is possible to effectively suppress
an occurrence of lateral cross talk.

Second Embodiment

[0049] FIG. 4 schematically shows, in the form of a plan
view, the constitution of a TFT substrate in an active matrix
liquid crystal panel according to a second embodiment of the
present invention.

[0050] The constitution of the TFT substrate 200 accord-
ing to the second embodiment differs from that of the TFT
substrate 100 (FIG. 2) according to the aforementioned first
embodiment in that the shapes of TFTs 207 are different, i.e.,
that part (two positions) of a gate bus line 201 is formed so
as to be protruded in a comb-like shape for each of the
picture element regions (picture element electrode 204) and
the protruded portions are used as the gate electrode G of the
TFT 207. Other components and the operations or functions
thereof are basically the same as those in the case of the first
embodiment, and therefore will not be further described. It
is noted that the components 201 to 211 shown in FIG. 4
correspond to the components 101 to 111 shown in FIG. 2,
respectively.
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[0051] The liquid crystal panel (TFT substrate 200)
according to the second embodiment basically has the same
constitution as that of the aforementioned first embodiment,
and therefore also has effects similar to those (increase in the
aperture ratio, reduction in the write time, improvement in
the brightness unevenness, and suppression of lateral cross
talk) obtained in the first embodiment.

Third Embodiment

[0052] FIG. 5 schematically shows, in the form of a plan
view, the constitution of a TFT substrate in an active matrix
liquid crystal panel according to a third embodiment of the
present invention.

[0053] The constitution of the TFT substrate 300 accord-
ing to the third embodiment differs from that of the TFT
substrate 100 (FIG. 2) according to the aforementioned first
embodiment in the following points: wiring is made so that
two adjacent horizontal lines (gate bus lines 301a and 3015)
are simultaneously driven, and that on/off actions of TFTs
307a and 3075 connected to two horizontal picture element
rows corresponding to the two adjacent horizontal lines can
be simultaneously controlled; wiring is made so that one or
two data bus lines 302a and 3025 are contained in each of
the picture element regions; the shapes of the TFTs 307a and
307b are different similarly to the case of the second
embodiment (FIG. 4); and the shapes of semiconductor
regions 311a and 3115 each forming an auxiliary capaci-
tance Cs together with a Cs bus line 303 for each of the
picture elements are different. Other components and the
operations or functions thereof are basically the same as
those in the case of the first embodiment, and therefore will
not be further described. It is noted that the components
301a and 3015 to 311e and 3116 shown in FIG. 5 corre-
spond to the components 101 to 111 shown in FIG. 2,
respectively.

[0054] As shown in FIG. 5, one picture element column
placed on each of both ends (left and right ends) in the
horizontal direction is a picture element column containing
only one data bus line provided in the vertical direction
(direction parallel to the Cs bus lines 303). In the illustrated
example, the picture element column at the left end contains
one data bus line 3024, and other picture element columns
(except the picture element column at the right end) each
contain two data bus lines 302a and 3024. Further, each of
the data bus lines 302a¢ and 3024 is contained in the
corresponding picture elements together with the TFTs 3074
or 3075 driven via the relevant data bus line.

[0055] Moreover, in each of the picture element columns
containing the two data bus lines 3024 and 3024, data
supplied to one data bus line is written into the picture
element electrodes 304 in the concerned picture elements,
and data supplied to the other data bus line is written into the
picture element electrodes 304 in the other picture elements
adjacent to the picture elements concerned. In the illustrated
example, data supplied to the odd-numbered data bus lines
3024 counted from the left is written via the TFT 3074 in the
corresponding picture element into the picture element elec-
trode 304 in the picture element concerned. On the other
hand, data supplied to the even-numbered data bus lines
3025 counted from the left is written via the TFT 3075 in the
corresponding picture element into the picture element elec-
trode 304 in the other picture element adjacent to the left
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side of the picture element concerned. Namely, each of the
data bus lines 302a to which the TFTs 307a driven by the
odd-numbered gate bus lines 301a are connected is in the
picture element concerned, and each of the data bus lines
3024 to which the TFTs 3075 driven by the even-numbered
gate bus lines 3015 are connected is outside the picture
element concerned. The data bus lines 301a and 3015 are
respectively provided on opposite sides of the Cs bus lines
303 with the Cs bus lines 303 interposed therebetween.

[0056] In addition to the effects (increase in the aperture
ratio, reduction in the write time, improvement in the
brightness unevenness, and suppression of lateral cross talk)
obtained in the aforementioned first and second embodi-
ments, the constitution of the liquid crystal panel (TFT
substrate 300) according to the third embodiment makes it
possible to reduce the time for writing into all the picture
elements by a factor of approximately % compared with that
of a system in which data is written by sequentially driving
each horizontal picture element row as heretofore. This is
because two adjacent horizontal lines (gate bus lines 301a
and 3015) are simultaneously driven, and the TFTs 3084 and
308b connected to the corresponding two horizontal picture
element rows are simultaneously turned on, thereby simul-
taneously writing data via the relevant TFTs. In other words,
since display data for one frame (one screen) can be dis-
played at approximately twice the speed, resolution can be
approximately doubled.

Fourth Embodiment

[0057] FIG. 6 schematically shows, in the form of a plan
view, the constitution of a TFT substrate in an active matrix
liquid crystal panel according to a fourth embodiment of the
present invention.

[0058] The constitution of the TFT substrate 400 accord-
ing to the fourth embodiment differs from that of the TFT
substrate 300 (FIG. 5) according to the aforementioned third
embodiment in the following points: wiring is made so that
two data bus lines 402a and 4025 are contained in each of
the picture element regions; and the shapes of semiconduc-
tor regions 4115 forming auxiliary capacitances Cs together
with Cs bus lines 403 are different. Other components and
the operations or functions thereof are basically the same as
those in the case of the third embodiment, and therefore will
not be further described. It is noted that the components
401a and 4015 to 411a and 4115 shown in FIG. 6 corre-
spond to the components 301a and 3015 to 311a and 3115
shown in FIG. 5, respectively.

[0059] As shown in FIG. 6, among two data bus lines
402a and 4025 provided in the vertical direction (direction
parallel to the Cs bus lines 303) for each of the picture
elements, the data bus line 402¢ at the right is connected to
a TFT 407a driven by an odd-numbered gate bus line 401q,
and the data bus line 4025 at the left is connected to a TFT
407b driven by an even-numbered gate bus line 4015. For a
picture element containing a TFT 4074, an auxiliary capaci-
tance Cs is contained in the right end of the relevant picture
element; for a picture element containing a TFT 4075, an
auxiliary capacitance Cs is contained in the left end of the
relevant picture element. Namely, the auxiliary capacitances
Cs are provided in opposite directions in odd columns and
even columus, respectively. However, if wiring modification
is appropriately performed in a gate layer (corresponding to
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the conductive layer 128 in FIG. 3), it is also possible to
provide all the auxiliary capacitances Cs in the same direc-
tion.

[0060] The feature of the structure of the TFT substrate
400 according to the fourth embodiment lies in that, unlike
the case of the aforementioned third embodiment (FIG. 5),
all of the data bus lines 402a and 4025, the TFTs 4072 and
407h driven by the relevant data bus lines, and the picture
element electrode 404 into which data is written via the
relevant TFTs, are provided in the picture element con-
cerned. As in the third embodiment, if data bus lines and
TFTs are placed in the other picture element, the possibility
that lateral cross talk occurs may increase. However, in the
fourth embodiment, the above-described characteristic
structure makes it possible to reduce the possibility of the
occurrence of lateral cross talk.

[0061] Incidentally, in the above-described third and
fourth embodiments (FIGS. 5 and 6), the explanation is
given taking as an example the case where two adjacent
horizontal lines (gate bus lines) are simultaneously driven.
However, it is a matter of course that the number of
horizontal lines simultaneously to be driven is not limited to
two. It is also possible to simultaneously drive three or more
horizontal lines. In this case, the time for writing into all the
picture elements can be further reduced.

[0062] The TFT substrates 200, 300, and 400 (FIGS. 4 to
6) according to the aforementioned second to fourth embodi-
ments differ from the TFT substrate 100 (FIG. 2) according
to the aforementioned first embodiment in the wiring topol-
ogy of data bus lines, the connection topology of TFTs, and
the like, from a planar point of view. However, the cross-
sectional structures of the respective liquid crystal panels
constituted with the TFT substrates 200, 300, and 400
included therein are basically the same as the cross-sectional
structure of the liquid crystal panel 150 (FIG. 3) according
to the first embodiment. Accordingly, in the description
below, the “liquid crystal panel 150” also means a liquid
crystal panel according to any one of the second to fourth
embodiments.

[0063] Next, a liquid crystal display device according to
the present invention and a method of driving the same will
be described.

[0064] FIG. 7 shows, in the form of a block diagram, the
constitution of a liquid crystal display device in which the
liquid crystal panel according to any one of the aforemen-
tioned third embodiment (FIG. 5) and the fourth embodi-
ment (FIG. 6) is used. In the example shown in FIG. 7, the
constitution for the case where the liquid crystal panel 150
(TFT substrate 400) according to the fourth embodiment is
used is shown.

[0065] The liquid crystal display device 170 shown in
FIG. 7 includes the liquid crystal panel 150 for monochrome
display in which color filters are not used, a control unit 160
for controlling field sequential drive for the liquid crystal
panel 150, a gate driver 161 and a data driver 162 opera-
tively connected to the liquid crystal panel 150, a frame
memory 163 for temporarily storing display data (RGB
image data, and black signal data if necessary) for one
frame, a pair of polarizing plates (not shown) placed on both
sides of the liquid crystal panel 150 with the liquid crystal
panel 150 interposed therebetween, and a back light unit 164
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placed on the back of the liquid crystal panel 150 with one
polarizing plate interposed therebetween. In the present
embodiment, each of the control unit 160, the gate driver
161, the data driver 162, and the frame memory 163 is
realized by an IC, and the gate driver 161 and the data driver
162 are mounted on the peripheral portion of the liquid
crystal panel 150. Further, although not particularly shown
in FIG. 7, each circuit block is appropriately supplied with
a necessary power supply voltage (e.g., high voltage of 18
V, low voltage of 3.3 V or 5V, or ground voltage).

[0066] In a display part of the liquid crystal panel 150, a
large number of picture elements are arranged in the form of
a matrix. One picture element includes two TFTs 4074 or
407h connected in series, a liquid crystal cell Le, and an
auxiliary capacitance Cs connected in parallel to the liquid
crystal cell Le. The liquid crystal cell Le includes a picture
element electrode 404 (FIG. 6), a common electrode 142
(FIG. 3), and a liquid crystal layer 145 between these
electrodes. The auxiliary capacitance Cs includes a Cs bus
line 403 (FIG. 6), a semiconductor region 411a or 4114, and
insulating films 125 and 127 (FIG. 3) therebetween. Further,
the gates of the TFTs 407a or 4075 of each picture element
row which are arranged in the horizontal direction are
connected to the same gate bus line 401a or 4015, the drains
of the TFTs 407a or 4075 of each picture element column
which are arranged in the vertical direction are connected to
the same data bus line 4024 or 4025, and the sources of the
TFTs 407a and 4075 are connected to the liquid crystal cells
Lc and the auxiliary capacitances Cs.

[0067] The control unit 160 generates timing signals C1,
C2, RS, GS, and BS, which are necessary to perform field
sequential drive, and a display signal FD for one frame
based on display signals (R, G, and B color signals) and
timing signals (horizontal synchronous signal Hsync and
vertical synchronous signal Vsync) supplied from an exter-
nal device (not shown), such as a computer or the like. The
generated display signal FD is supplied to the frame memory
163, the timing signals C1 and C2 are respectively supplied
to the gate driver 161 and the data driver 162, and the timing
signals RS, GS, and BS are supplied to the back light unit
164.

[0068] The gate driver 161 is initialized at the start time of
each vertical synchronization period in response to the
timing signal C1 supplied from the control unit 160, and
sequentially outputs scan signals to groups of two adjacent
horizontal lines (gate bus lines 401a and 4015) of the liquid
crystal panel 150 with timing synchronized with one hori-
zontal synchronization period. Namely, the gate bus lines of
the liquid crystal panel 150 are sequentially brought into a
state (selected state) where data can be written, in groups of
two horizontal lines by the gate driver 161.

[0069] The data driver 162 sequentially generates display
data for groups of two horizontal lines sequentially selected
by the gate driver 161, based on the display signal FD for
one frame, which is loaded from the control unit 160 into the
frame memory 163, and the timing signal C2 supplied from
the control unit 160, and outputs the generated display data
to the data bus lines 4022 and 40254. At this time, the
generation and output of the display data are time-sequen-
tially performed for the R, G, and B color signals.

[0070] Moreover, in the field sequential drive system
intended by the present invention, it is necessary that data is
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divided by time division for each of the colors of R, G, and
B to be written into picture elements, and that R, G, and B
light sources are time-sequentially turned on synchronously
with the writing. Accordingly, dedicated light sources are
required. In the embodiment shown in FIG. 7, as the light
sources, the back light unit 164 of a light emitting diode
(LED) edge light type is provided. In this type, a cold
cathode fluorescent lamp (CCFL) used as a light source of
a back light of a general edge light type is replaced by
arrayed LEDs. For example, a thin optical waveguide (not
shown) made of transparent resin which has the same size as
the back of the liquid crystal panel 150 and of which
underside is tapered is placed on the back of the liquid
crystal panel 150; a plurality of groups each including R, G,
and B LEDs are arranged in edge portions (upper and lower,
or left and right ends) of the optical waveguide; and each of
R, G, and B color lights emitted from the respective LEDs
synchronously with data write timing (i.e., the timing signals
RS, GS, and BS supplied from the control unit 160) for each
of the colors of R, G, and B is reflected by the underside
(tapered surface) of the optical waveguide, and further
applied from the back to the liquid crystal panel 150 through
a diffusing film or the like (not shown). In this case, LEDs
constituting each group generally include one for each of the
colors of R, G, and B. However, taking into consideration
that the brightness of G is relatively low, for example, one
LED for each of R and B and two LEDs for G may be
combined.

[0071] As the structure of the back light unit 164, an LED
edge-lit configuration is adopted in the present embodiment.
However, instead of this, for example, an LED area-lit
configuration may be adopted. In this type, a plurality of
groups each including R, G, and B LEDs are two-dimen-
sionally arranged on the back of the liquid crystal panel 150
with a diffusion film or the like (not shown) interposed
therebetween, and each of R, G, and B color lights emitted
from the respective LEDs synchronously with data write
timing for each of the colors similarly to the above is applied
from the back of the liquid crystal panel 150 directly through
the diffusing film or the like.

[0072] 1In a field sequential drive system, as described
above, full-color display is realized by displaying images of
the three primary colors of RGB time-sequentially in the
same picture elements. Conceivable operation modes
include a drive method in which data for three screens of R,
G, and B is written into one frame, a drive method in which
data for a total of six screens is written into one frame by
writing black signals between R, G, and B color signals once
each, a drive method in which data for a total of 12 screens
is written by writing R, G, and B color signals and black
signals between the color signals twice each, and the like.

[0073] In the field sequential drive according to the
present embodiment, first, RGB image data (and black
signal data between the colors) for one frame is loaded into
the frame memory 163. Next, with the timing of applying
any light (e.g., red (R) light) from the back of the liquid
crystal panel 150 by controlling the LEDs of the back light
unit 164, scan signals are simultaneously output from the
gate driver 161 to two adjacent horizontal lines (gate bus
lines 401a and 4015) in the liquid crystal panel 150, and the
data driver 162 reads display data corresponding to the two
horizontal lines from the frame memory 163, thus outputting
the display data to the data bus lines 402a and 4025. At this
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time, the TFTs 407a and 40756 of the picture element rows
corresponding to the selected two horizontal lines (gate bus
lines 401a and 4016) are turned on, the display data is
written into the corresponding auxiliary capacitances Cs via
the relevant TFTs, and the written data is maintained until
the next data is written.

[0074] After data (R data for one field in this case) has
been written into all the picture elements constituting one
frame as described above, the back light unit 164 is con-
trolled to switch the color of the light source (LED) to green
(G) or blue (B), and an operation similar to the above is
performed, thus writing data of all colors into all the picture
elements. The voltage of the written display data is applied
across both ends of the liquid crystal cell Lc (applied
between the picture element electrode and the counter
electrode). This changes the orientations of liquid crystal
molecules in the liquid crystal cell Lc, and the light trans-
mittance of the liquid crystal cell L¢ accordingly changes,
thus displaying a desired image.

[0075] Incidentally, in the constitution of the liquid crystal
display device 170 shown as an example in FIG. 7, the data
driver 162 is placed on one side (upper side) of the screen
(liquid crystal panel 150). However, where the number of
horizontal lines simultaneously to be driven is large, data to
be drivers may be placed both above and below the screen
with the screen interposed therebetween. In this case, for
example, the data driver placed on the upper side may drive
odd-numbered data bus lines, and the data driver placed on
the lower side may drive even-numbered data bus lines.

What is claimed is:
1. A liquid crystal panel comprising:

a plurality of gate bus lines extending in a first direction;

a plurality of data bus lines extending in a second direc-
tion intersecting the first direction;

a switching element provided for each picture element,
the switching element using part of a corresponding
gate bus line as a gate electrode and being electrically
connected to a corresponding data bus line;

a picture element electrode provided for each picture
element and electrically connected to a corresponding
switching element;

a counter electrode placed with liquid crystals interposed
between the counter electrode and the picture element
electrode; and

a plurality of auxiliary capacitance bus lines extending in
the second direction and each forming an auxiliary
capacitance together with the picture element electrode
for each picture element,

wherein a picture element region having the shape of a
square is delimited by the respective auxiliary capaci-
tance bus lines as boundaries.

2. The liquid crystal panel according to claim 1, wherein
the plurality of data bus lines are provided so that one data
bus line is contained in a region corresponding to each row
of picture elements placed in the second direction.

3. The liquid crystal panel according to claim 1, wherein
the plurality of data bus lines are provided so that one data
bus line is contained in a region corresponding to, among
respective rows of picture elements placed in the second
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direction, one row placed at each of both ends, and so that
two data bus lines are contained in each of other rows of
picture elements.

4. The liquid crystal panel according to claim 3, wherein
in each row of picture elements containing the two data bus
lines, one data bus line is connected via a switching element
in the picture element concerned in the relevant row of
picture elements to the picture element electrode in the
picture element concerned, and another data bus line is
connected via a switching element in the other picture
element concerned in the relevant row of picture elements to
the picture element electrode in another picture element
adjacent to the other picture element concerned in the first
direction.

5. The liquid crystal panel according to claim 1, wherein
the plurality of data bus lines are provided so that two data
bus lines are contained in a region corresponding to each
row of picture elements placed in the second direction.

6. The liquid crystal panel according to claim 5, wherein
in each row of picture elements containing the two data bus
lines, one data bus line is connected via a switching element
in the picture element concerned in the relevant row of
picture elements to the picture element electrode in the
picture element concerned, and another data bus line is
connected via a switching element in the other picture
element concerned in the relevant row of picture elements to
the picture element electrode in the other picture element
concerned.

7. The liquid crystal panel according to claim 1, wherein
the gate electrode partially constituting the switching ele-
ment includes a portion formed by protruding part of the
corresponding gate bus line in a comb-like shape.

8. The liquid crystal panel according to claim 1, wherein
the liquid crystals are ferroelectric liquid crystals.

9. A liquid crystal display device comprising:

the liquid crystal panel according to claim 1;
a gate driver for driving the plurality of gate bus lines;

a data driver for driving the plurality of data bus lines; and

Mar. 30, 2006

a control unit into which a display signal and a timing
signal are input and which controls the gate driver and
the data driver,

wherein two or more gate bus lines among the plurality of
gate bus lines are simultaneously driven by the gate
driver under control of the control unit, and

the plurality of data bus lines are simultaneously driven
by the data driver under control of the control unit, and
display data are simultaneously written into a plurality
of rows of picture elements corresponding to the gate
bus lines simultaneously driven by the gate driver.
10. The liquid crystal display device according to claim 9,
further comprising a back light unit including a light source
for each of a plurality of colors and applying light of the light
source turned on under control of the control unit from the
back of the liquid crystal panel,

wherein display data is divided by time division for each
color and written into the plurality of rows of picture
elements corresponding to the gate bus lines simulta-
neously driven by the gate driver and the data diver
under control of the control unit, and simultaneously
with the writing of display data, the respective light
sources for the colors are time-sequentially turned on

by the back light unit.
11. The liquid crystal display device according to claim
10, further comprising a memory for temporarily storing
display data for one frame supplied from the control unit,

wherein under control of the control unit, the data driver
reads, from the memory, display data to be written into
the plurality of rows of picture elements corresponding
to the gate bus lines simultaneously driven by the gate
driver, and outputs the read display data to the plurality
of data bus lines.
12. The liquid crystal display device according to claim
10, wherein the light source for each color which partially
constitutes the back light unit is a light emitting diode.
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