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(7) ABSTRACT

In the present liquid crystal display device, a conventional
first auxiliary capacitance trunk line 430 is formed to be
narrow, and a second auxiliary capacitance trunk line 440 is
additionally provided and disposed at the closest position to
the periphery of a substrate. Thus, a shift register can be
distanced from the periphery of the substrate without increas-
ing a frame area as a whole, so that the shift register is not
ovetlaid with a seal material. Moreover, the extent of an area
overlaid with a seal material within a wiring area for provid-
ing signals to the shift register can be reduced.
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LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING TRUNK LINES

TECHNICAL FIELD

The present invention relates to active-matrix liquid crystal
display devices, specifically to a layout of a shift register,
which is included in a scanning signal line driver circuit, and
various wiring lines provided in a liquid crystal display
device.

BACKGROUND ART

Conventionally, there are known active-matrix display
devices in which a plurality of gate bus lines (scanning signal
lines) and a plurality of source bus lines (video signal lines)
are arranged in a grid pattern, and a plurality of pixel forma-
tion portions are arranged in a matrix so as to correspond to
their respective intersections of the gate bus lines and the
source bus lines. Each of the pixel formation portions
includes a TFT (thin-film transistor), which is a switching
element having a gate terminal connected to a gate bus line
passing through its corresponding intersection and a source
terminal connected to a source bus line passing through the
intersection, and also includes a pixel capacitance for holding
a pixel value. Such an active-matrix display device is also
provided with a gate driver (scanning signal line driver cir-
cuit) for driving the gate bus lines and a source driver (video
signal line driver circuit) for driving the source bus lines.

Video signals, each indicating a pixel value, are transmitted
by the source bus lines, but it is not possible for the source bus
lines to concurrently (simultaneously) transmit video signals
that indicate pixel values for a plurality of rows. Accordingly,
video signals are sequentially written to the pixel capaci-
tances in the pixel formation portions arranged in a matrix, on
a row-by-row basis. Therefore, the gate driver includes a
multiple-stage shift register such that the gate bus lines are
each sequentially selected for a predetermined period. This
shift register circuit is integrally formed on a substrate (where
the TFTs are formed), and such a configuration is called a
monolithic gate driver.

In this monolithic-gate-driver display panel, clock signals
required for operating the shift register are provided to stages
of the shift register through wiring lines arranged outside the
periphery of the panel for the purpose of supplying signals to
the driver circuit. The clock signals should normally be pro-
vided to TFTs included in the shift register, and therefore, an
area for laying out the shift register is required to stretch out
from where the wiring lines for supplying the driver circuit
with signals are arranged to where the pixel formation por-
tions are arranged. This is one of the factors that increase the
extent of a shift register layout area, and in particular, any
display device with a shift register operating on the basis of'a
number of clock signals tends to have a large shift register
layout area.

Furthermore, in general active-matrix liquid crystal dis-
play devices, auxiliary capacitance lines are provided in par-
allel with gate bus lines, forming auxiliary capacitances
through capacitive coupling with pixel electrodes. In addi-
tion, an auxiliary capacitance trunk line is provided in a frame
area for the purpose of providing a common potential to the
auxiliary capacitance lines. The auxiliary capacitance trunk
line has the auxiliary capacitance lines commonly connected
thereto, and therefore, in general, it is often the case that the
auxiliary capacitance trunk line is provided in the frame area
between the gate driver and the display area.
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2

In this regard, Japanese Laid-Open Patent Publication No.
2007-10900 discloses a configuration in which auxiliary
capacitance lines are connected to a source signal line of a
scanning signal line driver circuit via a shared line equivalent
to the auxiliary capacitance trunk line. Moreover, Japanese
Laid-Open Patent Publication No. 10-48663 discloses a con-
figuration in which first and second auxiliary capacitance
lines are connected to a source voltage line and a ground
voltage line, respectively, of a scanning signal line driver
circuit. With this configuration, auxiliary capacitance resis-
tance is reduced, and the operation of the driver circuit is
stabilized.

CITATION LIST
Patent Document

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. 2007-10900

Patent Document 2: Japanese Laid-Open Patent Publica-
tion No. 10-48663

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Incidentally, the frame area is covered (overlaid), but not
entirely, with a seal material for a liquid crystal panel, and in
the case where a shift register with a large layout area is
provided, the shift register is often overlaid in part with the
rest not being overlaid. In such a case, if the width of the seal
material is inconsistent, the range overlaid with the seal mate-
rial varies among bistable circuits included in stages of the
shift register (and connected to scanning signal lines), so that
the range overlaid with a liquid crystal sealed within (inside)
the range not overlaid with the seal material varies as well.
Consequently, circuits are affected by capacitance values,
whichvary from one circuit to another, and the circuits vary in
terms of their output signals, which might result in different
pixel luminances and flickering.

Furthermore, a trunk line and branch lines for providing
clock signals, etc., to the circuits of the shift register are
required to be provided in an area between the edge of the
liquid crystal panel and the shift register. Here, in the case
where ITO (indium tin oxide) or suchlike, of which pixel
electrodes are composed, is used to connect the trunk line and
the branch lines, ITO is exposed at contact holes, which are
connecting points. When a spacer material (e.g., fiberglass or
suchlike) mixed in the seal material contacts ITO, a partial
break or disconnection might occur, resulting in increased
resistance, disconnection, etc., at the connecting points.

Therefore, it is preferable that the circuits of the shift
register not be overlaid with the seal material at all, and the
contact holes not be overlaid with the seal material at all or the
number of contact holes overlaid be as small as possible.

In this regard, the aforementioned problems can be com-
pletely solved by providing an area (to be used as an attaching
margin) for the seal material outside the area where wiring
lines and circuits are formed. However, such a configuration
increases the frame area, making it impossible to achieve a
liquid crystal panel with a narrow frame.

Therefore, an objective of the present invention is to pro-
vide a liquid crystal display device in which the extent of an
area overlaid with a seal material within a wiring area for
providing signals to a shift register can be reduced without
increasing a frame area and overlaying the shift register with
the seal material.
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Solution to the Problems

A first aspect of the present invention is directed to an
active-matrix liquid crystal display device comprising a first
substrate including a display area on which a plurality of pixel
formation portions for forming an image to be displayed are
arranged in a matrix, a second substrate opposed to the first
substrate, and a liquid crystal layer sealed between the first
and second substrates by a predetermined seal material,
wherein,

the first substrate includes:

a plurality of video signal lines for transmitting signals to

represent the image to be displayed;

a plurality of scanning signal lines crossing the video sig-

nal lines;

a plurality of auxiliary lines provided so as to extend in

parallel with the scanning signal lines;

an auxiliary trunk line provided so as to extend in an

arrangement direction of the auxiliary lines and electri-
cally connect to the auxiliary lines; and

a scanning signal line driver circuit including a group of

circuits for selectively driving the scanning signal lines,
and

atleast a part of the auxiliary trunk line includes trunk lines
provided between the scanning signal line driver circuit and
an edge of the first substrate that is opposite to the display area
with respect to the scanning signal line driver circuit.

In a second aspect of the present invention, based on the
first aspect of the invention, the auxiliary trunk line includes:

a first auxiliary trunk line provided between the scanning
signal line driver circuit and the display area; and

a second auxiliary trunk line provided between the scan-
ning signal line driver circuit and the edge of the first substrate
thatis opposite to the display area with respect to the scanning
signal line driver circuit.

In a third aspect of the present invention, based on the
second aspect of the invention, further comprised is a drive-
signal-supply trunk line for transmitting a drive signal to drive
the scanning signal line driver circuit, the drive-signal-supply
trunk line being provided so as to extend in the arrangement
direction between the second auxiliary trunk line and the
scanning signal line driver circuit, wherein,

the seal material is disposed stretching from near the edge
of the first substrate to a predetermined position on the drive-
signal-supply trunk line.

In a fourth aspect of the present invention, based on the
third aspect of the invention, further comprised are a plurality
of drive-signal-supply branch lines connected to the drive-
signal-supply trunk line via contact holes, thereby connecting
the drive-signal-supply trunk line to the group of circuits,
wherein,

the seal material is disposed stretching from near the edge
of the first substrate to the predetermined position over a part
of the contact holes.

Inafifthaspect of the present invention, based on the fourth
aspect of the invention, the contact holes connect the drive-
signal-supply trunk line and the drive-signal-supply branch
lines by the same material as pixel electrodes provided in the
pixel formation portions.

In a sixth aspect of the present invention, based on any of
the second through fifth aspects of the invention, the second
auxiliary trunk line is wider than the first auxiliary trunk line.

In a seventh aspect of the present invention, based on the
second aspect of the invention, the first auxiliary trunk line is
made of the same material as the second auxiliary trunk line.

In an eighth aspect of the present invention, based on the
second aspect of the invention, further comprised are a plu-
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4

rality of auxiliary branch lines between the first and second
auxiliary trunk lines, the auxiliary branch lines connecting the
first and second auxiliary trunk lines, wherein, the auxiliary
branch lines are disposed at approximately equal intervals in
the arrangement direction such that each auxiliary branch line
passes between two circuits adjacent in the arrangement
direction within the group of circuits.

In a ninth aspect of the present invention, based on the
eighth aspect of the invention, the auxiliary branch lines are
disposed so as to pass between all circuits adjacently paired in
the arrangement direction within the group of circuits.

In a tenth aspect of the present invention, based on the
second aspect of the invention, further comprised are:

a plurality of auxiliary branch lines between the first and
second auxiliary trunk lines, the auxiliary branch lines con-
necting the first and second auxiliary trunk lines; and

intercircuit lines each connecting two different circuits
positioned in the arrangement direction within the group of
circuits, wherein,

the intercircuit lines are formed so as to be narrowed near
their intersections with the auxiliary branch lines.

In an eleventh aspect of the present invention, based on the
tenth aspect of the invention, the auxiliary branch lines are
formed so as to be narrowed near their intersections with the
intercircuit lines.

In a twelfth aspect of the present invention, based on the
second aspect of the invention, further comprised is an end
auxiliary line for connecting the first and second auxiliary
trunk lines, the end auxiliary line being disposed around the
scanning signal line driver circuit either between one end of
the first auxiliary trunk line and one end of the second auxil-
iary trunk line or between the other end of the first auxiliary
trunk line and the other end of the second auxiliary trunk line,
or both.

In a thirteenth aspect of the present invention, based on the
second aspect of the invention, the scanning signal line driver
circuit includes a first group of circuits for selectively driving
the scanning signal lines from one side, and a second group of
circuits for selectively driving the scanning signal lines from
the other side, the first auxiliary trunk line is disposed
between the first or second group of circuits and the display
area, and the second auxiliary trunk line is disposed between
the first or second group of circuits and an edge of the first
substrate that is opposite to the display area with respect to the
first or second group of circuits.

In a fourteenth aspect of the present invention, based on the
thirteenth aspect of the invention, further comprised are a
plurality of auxiliary branch lines between the first and sec-
ond auxiliary trunk lines disposed on said one or the other
side, the auxiliary branch lines connecting the first and second
auxiliary trunk lines, wherein,

each of the auxiliary branch lines passes between two
circuits adjacent in the arrangement direction within the
group of circuits, such that the auxiliary branch lines on said
one side and the auxiliary branch lines on the other side are
positioned so as to alternate in the arrangement direction.

In a fifteenth aspect of the present invention, based on the
thirteenth aspect of the invention, further comprised is an end
auxiliary line for connecting second auxiliary trunk lines
disposed on said one and the other sides, the end auxiliary line
being disposed either between one end of the second auxiliary
trunk line on said one side and one end of the second auxiliary
trunk line on the other side or between the other end of the
second auxiliary trunk line on said one side and the other end
of the second auxiliary trunk line on the other side, or both.
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In a sixteenth aspect of the present invention, based on the
second aspect of the invention, the second auxiliary trunk line
has a plurality of openings.

In a seventeenth aspect of the present invention, based on
the third aspect of the invention, the drive-signal-supply trunk
line includes a plurality of wiring lines, and the widest of the
wiring lines on which the seal material is disposed has a
plurality of openings.

In an eighteenth aspect of the present invention, based on
the second aspect of the invention, the auxiliary lines are of a
plurality of types to be driven so as to be set at different
potentials, the first auxiliary trunk line is provided in plurality
in accordance with the types, and the second auxiliary trunk
line is provided in plurality in accordance with the types.

Effect of the Invention

According to the first aspect of the present invention, the
auxiliary trunk line is disposed between the edge of the first
substrate and the scanning signal line driver circuit, so that an
appropriate margin from the edge of the first substrate can be
achieved without increasing a frame area, making it possible
to reduce the extent of an area overlaid with a seal material in
the wiring for providing signals to the scanning signal line
driver circuit without overlaying the scanning signal line
driver circuit with the seal material. In addition, a large
capacitance (formed by the auxiliary trunk line) can be posi-
tioned between the scanning signal line driver circuit and the
edge of the substrate, and therefore, the circuit can be pro-
tected from electrostatic discharge which takes place outside
the substrate.

Accordingto the second aspect of the present invention, the
second auxiliary trunk line is provided between the edge of
the first substrate and the scanning signal line driver circuit,
independently of the first auxiliary trunk line, so that the first
auxiliary trunk line can be formed to be narrow. Accordingly,
an appropriate margin from the edge of the first substrate can
be achieved without increasing the load on the auxiliary trunk
line or increasing the frame area, making it possible to reduce
the extent of an area overlaid with a seal material in the wiring
for providing signals to the scanning signal line driver circuit
without overlaying the scanning signal line driver circuit with
the seal material. In addition, a large capacitance (formed by
the second auxiliary trunk line) can be positioned between the
scanning signal line driver circuit and the edge of the sub-
strate, and therefore, the circuit can be protected from elec-
trostatic discharge which takes place outside the substrate.

According to the third aspect of the present invention, the
drive-signal-supply trunk line is further provided between the
auxiliary trunk line and the scanning signal line driver circuit,
and the seal material is disposed stretching from near the edge
of the first substrate to a predetermined position on the drive-
signal-supply trunk line, which makes it possible to reduce
the extent of the area overlaid with the seal material in the
wiring for providing signals to the scanning signal line driver
circuit without overlaying the scanning signal line driver
circuit with the seal material.

According to the fourth aspect of the present invention, the
seal material is disposed stretching over to the predetermined
position over a part of the contact holes, making it possible to
reduce the possibility where partial breakage and disconnec-
tion, current leakage, etc., occur in other contact holes,
thereby preventing variability in output signals (typically,
from stages) of the scanning signal line driver circuit due to
varying capacitances. In addition, the second auxiliary trunk
line is disposed near the edge of the substrate, and therefore,
contact holes can be positioned at significant distances from
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the edge of the substrate. Thus, it is possible to prevent or
reduce wiring corrosion due to humidity.

According to the fifth aspect of the present invention, the
contact holes connect wiring lines by the same material as the
pixel electrodes, making it possible to prevent an increase in
the number of photomasks to be used in substrate production.

According to the sixth aspect of the present invention, the
second auxiliary trunk line is wider than the first auxiliary
trunk line, which makes it possible to achieve an appropriate
margin from the edge of the first substrate, thereby reducing
the extent of an area overlaid with a seal material in the wiring
for providing signals to the scanning signal line driver circuit
without overlaying the scanning signal line driver circuit with
the seal material.

According to the seventh aspect of the present invention,
the first auxiliary trunk line is made of the same material as
the second auxiliary trunk line, and therefore, it is possible to
dispense with, for example, connecting points, such as con-
tact holes, for connecting the first auxiliary trunk line and the
second auxiliary trunk line, thereby eliminating the need to be
concerned about connection-related issues, such as partial
breakage and disconnection.

According to the eighth aspect of the present invention, the
auxiliary branch lines are disposed at approximately equal
intervals in the arrangement direction such that each auxiliary
branch line passes between two circuits adjacent in the
arrangement direction within the group of circuits, making it
possible to reduce variability in output signals within the
group of circuits due to influence (of potential variations via
parasitic capacitances) by the auxiliary branch lines.

According to the ninth aspect of the present invention, the
auxiliary branch lines are disposed so as to pass between all
circuits adjacently paired in the arrangement direction within
the group of circuits, making it possible to eliminate or sig-
nificantly reduce variability in output signals within the group
of circuits due to influence by the auxiliary branch lines.

According to the tenth aspect of the present invention, the
intercircuit lines are formed so as to be narrowed near their
intersections with the auxiliary branch lines, making it pos-
sible to decrease coupling capacitance between the intercir-
cuit lines and the auxiliary branch lines, thereby reducing
variability in output signals within the group of circuits due to
influence by the auxiliary branch lines.

According to the eleventh aspect of the present invention,
the auxiliary branch lines are formed likewise, so as to be
narrowed near their intersections with the intercircuit lines,
making it possible to further decrease the coupling capaci-
tance between the intercircuit lines and the auxiliary branch
lines, thereby further reducing the variability in output signals
within the group of circuits due to influence by the auxiliary
branch lines.

According to the twelfth aspect of the present invention,
the end auxiliary line allows an extremely large capacitance
(formed by the auxiliary trunk line including the end auxiliary
line) to be positioned between the scanning signal line driver
circuit and the edge of the substrate, making it possible to
more reliably protect the circuit from electrostatic discharge
which takes place outside the substrate.

According to the thirteenth aspect of the present invention,
the first and second groups of circuits drive each single scan-
ning signal line from opposite ends, making it possible to
eliminate or reduce waveform rounding of signals. In addi-
tion, the size of circuit elements (typically, TFTs) included in
the groups of circuits can be decreased, thereby reducing the
extent of an area overlaid with a seal material in the wiring for
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providing signals to the scanning signal line driver circuit
without overlaying the scanning signal line driver circuit with
the seal material.

Furthermore, even when each single scanning signal line is
driven from one end, scanning signal lines can be divided into
a group to be driven by the first group of circuits and a group
to be driven by the second group of circuits, making it pos-
sible to decrease the size of bistable circuits in the arrange-
ment direction, thereby reducing the extent ofan area overlaid
with a seal material in the wiring for providing signals to the
scanning signal line driver circuit without overlaying the
scanning signal line driver circuit with the seal material.

Accordingto the fourteenth aspect of the present invention,
the auxiliary branch lines on one side and the auxiliary branch
lines on the other side are positioned so as to alternate in the
arrangement direction, making it possible to avoid or reduce
the possibility where any circuit being significantly affected
by a specific scanning signal line coupled thereto results in
variability of output signals between the circuit coupled to the
scanning signal line and unaffected circuits.

According to the fifteenth aspect of the present invention,
the end auxiliary line for connecting the second auxiliary
trunk lines at least at one end allows an extremely large
capacitance (formed by the auxiliary trunk lines including the
end auxiliary line) to be positioned between the scanning
signal line driver circuit and the edge of the substrate, making
it possible to more reliably protect the circuit from electro-
static discharge which takes place outside the substrate.

According to the sixteenth aspect of the present invention,
the second auxiliary trunk line has a plurality of openings, and
therefore, for example, when a photo-curable seal material is
used, the seal material can be reliably hardened by light
passing through the openings, and working conditions of the
seal material on opaque wiring can be readily studied via the
openings.

According to the seventeenth aspect of the present inven-
tion, the widest part of the drive-signal-supply trunk line on
which the seal material is disposed has a plurality of open-
ings, so that the seal material, which is photo-curable, can be
reliably hardened, and working conditions of the seal material
on the wiring can be readily studied.

Accordingto the eighteenth aspect of the present invention,
the auxiliary lines, the first auxiliary trunk lines, and the
second auxiliary trunk lines are each provided ina plurality of
types, so that potentials held in a plurality of subpixel forma-
tion portions, typically included in each single pixel forma-
tion portion, can be caused to vary differently, making it
possible to increase the viewing angle of liquid crystal panels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a layout diagram of a gate driver included in an
active-matrix liquid crystal display device according to a first
embodiment of the present invention.

FIG. 2 is a diagram illustrating an equivalent circuit of a
pixel formation portion in the first embodiment.

FIG. 3 is a block diagram describing the configuration of
the gate driver in the embodiment.

FIG. 4 is a diagram illustrating the layout design of a shift
register and various wiring lines in the embodiment.

FIG. 5 is a plan view illustrating exemplary shapes of an
auxiliary capacitance branch line and an intercircuit line in
the embodiment.

FIG. 6 is a plan view illustrating exemplary shapes of an
auxiliary capacitance branch line and an intercircuit line in a
variant of the embodiment.
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FIG. 7 is a cross-sectional view illustrating the structure of
a contact hole in the embodiment.

FIG. 8 is a diagram illustrating the layout design of a shift
register and various wiring lines where no second auxiliary
capacitance trunk line is assumed to be additionally provided
in the embodiment.

FIG. 9 is a diagram illustrating the layout design of a shift
register and various wiring lines in a second embodiment of
the present invention.

FIG. 10 is a diagram illustrating the layout design of a shift
register and various wiring lines in a third embodiment of the
present invention.

FIG. 11 is a block diagram describing the configuration of
a gate driver in a fourth embodiment of the present invention.

FIG. 12 is a diagram illustrating the layout design of two
shift registers and various wiring lines in the embodiment.

FIG. 13 is a diagram illustrating the layout design of a shift
register and various wiring lines in a fifth embodiment of the
present invention.

FIG. 14 is a diagram illustrating an equivalent circuit of a
pixel formation portion in a sixth embodiment of the present
invention.

FIG. 15 is a diagram illustrating the layout design of a shift
register and various wiring lines in the embodiment.

MODES FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.

1. First Embodiment
1.1 Overall Configuration and Operation

FIG. 1 is a block diagram illustrating the overall configu-
ration of an active-matrix liquid crystal display device
according to a first embodiment of the present invention. As
shown in FIG. 1, the liquid crystal display device is provided
with a power source 100, a DC/DC converter 110, a display
control circuit 200, a source driver (video signal line driver
circuit) 300, a gate driver (scanning signal line driver circuit)
400, a common electrode driver circuit 500, and a display
portion 600. Typically, the gate driver 400 and the display
portion 600 are formed on the same substrate, i.e., they are
monolithically formed.

The display portion 600 includes a plurality (j) of source
bus lines (video signal lines) SL, to SL, a plurality (i) of gate
bus lines (scanning signal lines) GL, to GL,, and a plurality
(ix)) of pixel formation portions provided so as to correspond
to their respective intersections of the source bus lines SL; to
SL, and the gate bus lines GL, to GL,.

FIG. 2 illustrates an equivalent circuit of a pixel formation
portion P(n,m) within the display portion 600 in the present
embodiment. As shown in FIG. 2, each pixel formation por-
tion P(n,m) includes a TFT 10, which is a switching element
having a gate terminal connected to a gate bus line GL, and a
source terminal connected to a source bus line SL,, passing
through the intersection, a pixel electrode E,,;, connected to a
drain terminal of the TFT 10, a common electrode E__,
commonly provided for the pixel formation portions P(i,j),
and a liquid crystal layer commonly provided for the pixel
formation portions P(i,j) and sandwiched between the pixel
electrode B, and the common electrode E,_,,, as an electro-
optic element.

The liquid crystal layer is (hermetically) sealed between a
substrate on which the pixel electrode B, is formed (herein-
after, referred to as a “TFT substrate™) and a substrate on
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which the common electrode E_,,, (along with color filters,
etc.) is formed (hereinafter, referred to as an “opposing sub-
strate”). Specifically, the liquid crystal layer is sealed inter-
nally (on the display portion 600 side) by a seal material
provided in a frame area of the TFT substrate (and a frame
area of the opposing substrate). Note that the common elec-
trode E__,, is not necessarily formed on the opposing sub-
strate, and in the case of, for example, a liquid crystal display
device utilizing an electric field horizontal to the surface of a
substrate, the common electrode E ., may be provided on the
TFT substrate side.

Each of the pixel formation portions P(n,m) has a liquid
crystal capacitance (also referred to as a “pixel capacitance™)
C,. formed by the pixel electrode E ,, and the common elec-

trode E__,, opposed thereto with respect to the liquid crystal
layer. Bach pixel electrode B, has two source bus lines SL,,

andSL_, , provided onopposite sides, and is connected to the
source bus line SL,, via the TFT 10. Moreover, auxiliary
capacitance lines CSL,, are provided in parallel with gate bus
lines GL,, and each of the pixel formation portions P(n,m) has
an auxiliary capacitance Ccs formed between the pixel elec-
trode B, and the auxiliary capacitance line CsL,,. Here, the
gate bus lines GL; to GL, and the auxiliary capacitance lines
CsL, to CsL, are made of the same material, and the wiring
line commonly connecting the auxiliary capacitance lines
CsL, to CsL, outside the display area is made of the same
material as the source bus lines SL, to SL..

The power source 100 supplies a predetermined source
voltage to the DC/DC converter 110, the display control cir-
cuit 200, and the common electrode driver circuit 500. On the
basis of the source voltage, the DC/DC converter 110 gener-
ates a predetermined direct-current voltage for operating the
source driver 300 and the gate driver 400, and supplies the
voltage to the source driver 300 and the gate driver 400. The
common electrode driver circuit 500 provides a predeter-
mined potential V_,, to the common electrode E__,, and the
auxiliary capacitance lines CsL, to CsL,. Note that the auxil-
iary capacitance lines CsL, to CsL, may be provided with a
potential different from the predetermined potential V,_,,
(e.g., by the auxiliary capacitance line driver circuit).

The display control circuit 200 receives an externally trans-
mitted image signal DAT, along with a timing signal group
TG, including a horizontal synchronization signal, a vertical
synchronization signal, etc., and outputs a digital video signal
DV, along with a source start pulse signal SSP, a source clock
signal SCK, a latch strobe signal LS, a gate start pulse signal
GSP, and a gate clock signal GCK for use in controlling image
display on the display portion 600. Note that in the present
embodiment, the gate clock signal GCK is composed of four
phases, clock signals CK, to CK,.

The source driver 300 receives the digital video signal DV,
the source start pulse signal SSP, the source clock signal SCK,
and the latch strobe signal LS outputted by the display control
circuit 200, and applies drive video signals S, to S, to the
source bus lines SL, to SL, respectively.

On the basis of the gate start pulse signal GSP outputted by
the display control circuit 200, the gate driver 400 repeats
application of active scanning signals G, to G, to the
gate bus lines GL, to GL, in cycles of one vertical scanning
period. Note that detailed descriptions of the gate driver 400
will be given later.

The drive video signals S,y to S ;) are applied to the source
buslines SL, to SL;, and the scanning signals G, 10 G,y
are applied to the gate bus lines GL, to GL,, as described
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above, so that the display portion 600 displays an image based
on the externally transmitted image signal DAT.

1.2 Layout Design of the Gate Driver and the
Wiring>

The configuration of the gate driver 400 in the present
embodiment will now be described. As shown in FIG. 3, the
gate driver 400 includes a multiple-stage shift register 410.
The display portion 600 has pixels forming a matrix of i
rowsxj columns, and the shift register 410 has stages provided
in one-to-one correspondence with the rows of the pixel
matrix. In addition, the stages of the shift register 410 are
bistable circuits which are in one of two states (first and
second states) at each point in time, and output signals indi-
cating their respective states (hereinafter, referred to as “state
signals”). In this manner, the shift register 410 includes i
bistable circuits. Note that the circuit configuration of these
bistable circuits is well-known, and therefore, any detailed
description thereof will be omitted.

FIG. 4 is adiagram illustrating the layout design of the shift
register 410 in the gate driver 400 and various wiring lines. As
described above, the shift register 410 includes 1 bistable
circuits. Each of the bistable circuits is provided with an input
terminal for receiving any of the four gate clock signals CK,
to CK, in their respective phases, an input terminal for receiv-
ing a clear signal, an input terminal for receiving a low-
potential direct-current voltage VSS, and an output terminal
for outputting the scanning signals G,,,,i1, 10 G-

Each of the bistable circuits is further provided with output
and input terminals for sequentially feeding the gate start
pulse signal GSP and a reset signal from the previous to the
following stage (so as to skip one stage). Note that these
signals may be fed so as to skip two or more stages. Such input
and output terminals for connecting bistable circuits provided
in different stages are connected by intercircuit lines 411 and
412. In addition, intercircuit lines for connecting adjacent
bistable circuits are also provided, as shown in FIG. 10.

In FIG. 4, the gate bus line GL, to GL, for receiving the
scanning signals G, 10 G, ., from the output terminals of
the bistable circuits are formed to the right of the area where
the shift register 410 including the i bistable circuits is
formed, the auxiliary capacitance lines CsL; to CsL,; are
formed in parallel therewith, and furthermore, the first auxil-
iary capacitance trunk line 430 is provided to electrically
connect all of the auxiliary capacitance lines CsL, to CsL,.
Note that the gate bus lines GL, to GL, and the auxiliary
capacitance lines CsL, to CsL,; are provided within the display
portion 600, as described earlier with reference to FIGS. 1 and
2.

Here, the first auxiliary capacitance trunk line 430 is pref-
erably wide enough to keep its resistance low and thereby to
maintain the auxiliary capacitance lines CsL, to CsL; at the
same potential, but in the present embodiment, the first aux-
iliary capacitance trunk line 430 by itself is not wide enough
to keep its resistance low to such an extent as to maintain the
auxiliary capacitance lines CsL; to CsL, at the same potential.

In addition, provided to the left of the area where the shift
register 410 is formed are a second auxiliary capacitance
trunk line 440 and a drive-signal-supply trunk line group 420
consisting of a plurality of trunk lines, both of which extend
in the direction in which the bistable circuits are arranged (in
the top-bottom direction of the figure). The drive-signal-sup-
ply trunk line group 420 includes, from left in the figure, a
trunk line for the low-potential direct-current voltage VSS,
four trunk lines for the four gate clock signals CK, to CK, in
their respective phases, and four trunk lines for clear signals.



US 9,261,741 B2

11

Here, the drive-signal-supply trunk line group 420 is made of
the same material as the source bus lines SL, to SL,. These
trunk lines are provided in the area opposite to the display
portion 600 with respect to the shift register 410.

Here, the second auxiliary capacitance trunk line 440 is
wider than the first auxiliary capacitance trunk line 430, and
the width is large enough to keep its resistance low to such an
extent as to maintain the auxiliary capacitance lines CsL, to
CsL,, at the same potential when the second auxiliary capaci-
tance trunk line 440 is electrically connected to the first aux-
iliary capacitance trunk line 430. Note that, to connect the
auxiliary capacitance trunk line and the common electrode, in
the present embodiment, a well-known connecting point
(called a common transfer electrode), which is not shown, is
provided so that the auxiliary capacitance line is at the same
potential as the common electrode. The common transfer
electrode may be disposed on the auxiliary capacitance trunk
line or may be provided in the vicinity of a corner of the
substrate and electrically connected to the auxiliary capaci-
tance trunk line.

Furthermore, as shown in FIG. 4, a plurality of drive-
signal-supply branch lines 421 (which extend in the left-right
direction in the figure) are provided to apply signals from the
drive-signal-supply trunk line group 420 to the bistable cir-
cuits of the shift register 410. The drive-signal-supply branch
lines 421 connect the trunk lines for the direct-current voltage
VSS and the clear signals to their corresponding input termi-
nals of all of the bistable circuits, and also connect any one of
the trunk lines for the four gate clock signals CK, to CK, in
the respective phases to its corresponding input terminal of
each of the bistable circuits. These branch and trunk lines are
connected via contact holes CT.

Furthermore, provided between the second auxiliary
capacitance trunk line 440 and the first auxiliary capacitance
trunk line 430 are auxiliary capacitance branch lines 441 for
connecting them. The auxiliary capacitance branch lines 441
are not disposed between each histable circuit and the next,
but they are equally spaced so as to sandwich three bistable
circuits therebetween, as shown in FIG. 4. However, parasitic
capacitances occur between the auxiliary capacitance branch
lines 441 and the bistable circuits or the intercircuit lines 411
and 412 for connecting them (and other intercircuit lines), and
therefore, output signals from the bistable circuits might vary
depending on the presence or absence of such parasitic
capacitances. Therefore, it is preferable to form the lines in
the shape as shown in FIG. 5 or 6 for the purpose of reducing
the parasitic capacitances.

FIG. 5 is a plan view illustrating exemplary shapes of the
auxiliary capacitance branch line and the intercircuit line in
the present embodiment, and FIG. 6 is a plan view illustrating
exemplary shapes of the auxiliary capacitance branch line and
the intercircuit line in a variant of the present embodiment.

The intercircuit lines 411 and 412 are formed so as to be
narrowed in the vicinity of their intersections with the auxil-
iary capacitance branch lines 441 below (or above) which
they pass, as shown in FIG. 5. Thus, parasitic capacitances to
be generated with the auxiliary capacitance branch lines 441
can be reduced.

Alternatively, as shown in FIG. 6, the intercircuit lines 411
and 412 are formed so as to be narrowed in the vicinity of their
intersections with the auxiliary capacitance branch lines 441
below (or above) which they pass, and the auxiliary capaci-
tance branch lines 441 are formed so as to be narrowed in the
vicinity of their corresponding intersections as well. Thus,
parasitic capacitances to be generated with the auxiliary
capacitance branch lines 441 can be further reduced when
compared to the configuration of the present embodiment
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shown in FIG. 5. However, the configuration of the present
embodiment is preferable in that the resistance of the auxil-
iary capacitance branch lines 441 is not reduced because the
auxiliary capacitance branch lines 441 are formed so as not to
be narrowed in any portion.

Note that intercircuit lines other than the intercircuit lines
411 and 412 shown in FIG. 4 are formed so as to be narrowed
at portions corresponding to intersections, even if they don’t
cross the auxiliary capacitance branch lines 441 at such por-
tions. The reason for this is to equalize these other intercircuit
lines in terms of resistance between adjacent bistable circuits,
but the intercircuit lines that don’t cross the auxiliary capaci-
tance branch lines 441 may have no narrower portions, as in
the case of the intercircuit lines 411 and 412. Moreover, the
intercircuit lines 411 and 412 may be formed so as to be
narrowed at portions that correspond to intersections but
don’t cross the auxiliary capacitance branch lines 441 as
shown in FIG. 4.

Furthermore, the first and second auxiliary capacitance
trunk lines 430 and 440 are formed with the same wiring as
the auxiliary capacitance branch lines 441 and the auxiliary
capacitance lines CsL, to CsL,, as shown in FI1G. 4, and these
lines are made of the same material as the gate bus lines GL;
to GL,. Accordingly, the trunk lines and the branch lines are
not required to be connected using contact holes CT. Note that
the gate bus lines GL, to GL,; are connected to output termi-
nals of the bistable circuits, which are made of the same
material as the source bus lines SL, to SL, outside the display
portion, and the drive-signal-supply trunk line group is made
of the same material as the source bus lines SL,, to SL,. Here,
in the case where the drive-signal-supply trunk line group is
made of the same material as the gate bus lines GL, to GL,, if
the first and second auxiliary capacitance trunk lines 430 and
440 and the auxiliary capacitance branch lines 441 are made
of the same material as the source bus lines SL, to SL,, the
trunk lines and the branch lines are not required to be con-
nected using contact holes CT. Hereinafter, the structure of
the contact holes CT for connecting the drive-signal-supply
trunk line group 420 to the branch lines will be described with
reference to FIG. 7.

FIG. 7 is a cross-sectional view illustrating the structure of
acontact hole. FIG. 7 shows a source material 40 as partof the
drive-signal-supply trunk line group 420, a gate material 41 as
part of the drive-signal-supply branch line 421, an interlayer
insulating film 45, and a pixel electrode material 46 provided
over a contact hole CT to electrically connect the source
material 40 and the gate material 41.

Here, the interlayer insulating film 45 is an organic film, an
inorganic film, or a lamination thereof, and since its configu-
ration is the same as a well-known configuration, any detailed
description thereof will be omitted. Moreover, the pixel elec-
trode material 46 is formed in the same production process
and of the same material (e.g., [TO) as the pixel electrodes of
the aforementioned pixel formation portions. Note that such a
wiring formation process and a wiring connection process
using contact holes are well-known, and therefore, any
detailed descriptions thereof will be omitted, but briefly, the
source material 40, the gate material 41, and the interlayer
insulating film 45 are formed on a glass substrate in a well-
known production process before a contact hole is provided
s0 as to expose the gate material 41. An ITO film is formed
over the contact hole as the pixel electrode material 46 so as
to contact the exposed gate material 41. The ITO film con-
nects the source material 40 and the gate material 41.

Note that the wiring connection process using contact
holes allows various well-known configurations to be
employed, and for example, contact holes to expose the gate



US 9,261,741 B2

13

material 41 and contact holes to expose the source material 40
may be adjacently formed and commonly connected by the
pixel electrode material 46, thereby connecting the source
material 40 and the gate material 41.

Here, the pixel electrode material is exposed on the contact
holes CT, as shown in FIG. 7 (and as in the aforementioned
well-known configuration), and therefore, the seal material
might damage the pixel electrode material composed of ITO.
Specifically, as described earlier, the seal material in some
cases is mixed with a spacer material (e.g.. fiber glass) or
suchlike for the purpose of sandwiching a cell gap, and the
spacer material contacting the pixel electrode material might
result in partial breakage, disconnection, etc. Consequently,
any increase in resistance and disconnection might occur at
connecting points. Note that such breakage and disconnec-
tion similarly occur even when a well-known material, such
as 170 (indium zinc oxide), is used in the pixel electrode
material.

Furthermore, to electrically connect the common electrode
E_., formed on the opposing substrate and corresponding
wiring (e.g., the second auxiliary capacitance trunk line 440)
on the TFT substrate, it is known that the seal material is
mixed with well-known conductive particles (elastic sub-
stances coated with gold, silver or the like). This configura-
tion might cause current to leak from the pixel electrode
material exposed over the contact holes via the mixed con-
ductive particles.

Accordingly, the contact holes shown in FIG. 4 are prefer-
ably not overlaid with the seal material as much as possible. In
FIG. 4, the area that is overlaid with the seal material is shown
as A_,,, and the area that is not overlaid with the seal material
and thereby has a liquid crystal sealed therein is shownas A | ..
As can be appreciated from FIG. 4, among a number of
contact holes CT provided in the drive-signal-supply trunk
line group 420, those formed in two trunk lines on the right
side of the figure are not overlaid with the seal material.
Therefore, these contact holes are resistant to partial breakage
and disconnection or current leakage, so that occurrence of
abnormal operation can be generally inhibited.

Furthermore, the bistable circuits included in the shift reg-
ister are not overlaid with the seal material at all. Therefore,
there is no variation in the range to be overlaid with the liquid
crystal, so that there is no variability of output signals among
the circuits.

The reason why the present embodiment can eliminate or
reduce the effect of the seal material in such a manner is that
the second auxiliary capacitance trunk line 440 is additionally
provided and disposed at the closest position to the periphery
of the substrate. Assuming that the second auxiliary capaci-
tance trunk line 440 is not provided at all, the area that would
be overlaid with the seal material is positioned as shown in
FIG. 8.

FIG. 8 is a diagram illustrating the layout design of a shift
register in a gate driver and various wiring lines where no
second auxiliary capacitance trunk line is assumed to be
additionally provided. As shown in FIG. 8, area A, overlaid
with the seal material spreads over portions of the bistable
circuits in the shift register 410, and the overlaid area is not
consistent among the bistable circuits. More specifically, the
seal material is applied between the TFT substrate and the
opposing substrate, and thereafter cured by heat, ultraviolet
radiation, or both. At this time, the seal material does not
expand uniformly but within the range from tens to hundreds
of micrometers depending on various conditions. Accord-
ingly, due to such nonuniformity, area A, overlaid with the
seal material becomes irregular over the bistable circuits in
the shift register 410.
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Furthermore, as shown in FIG. 8, anumber of contact holes
CT provided in the drive-signal-supply trunk line group 420
are all located in area A, overlaid with the seal material, and
therefore, all ofthe contact holes CT might have partial break-
age and disconnection, current leakage, etc., mentioned ear-
lier.

On the other hand, when compared to the hypothetical
configuration shown in FIG. 8, the configuration of the
present embodiment shown in FIG. 4 allows reduction in the
number of contact holes CT (provided in the drive-signal-
supply trunk line group420)inarea A ,, overlaid with the seal
material, thereby reducing the possibility of partial breakage
and disconnection, current leakage, etc., mentioned earlier.

Furthermore, in the configuration of the present embodi-
ment shown in FIG. 8, unlike in the hypothetical configura-
tion shown in FIG. 8, the bistable circuits included in the shift
register 410 are not located within area A, overlaid with the
seal material, and therefore, they are uniformly overlaid with
the liquid crystal (i.e., the range to be overlaid does not vary),
resulting in no variability of output signals among the cir-
cuits.

1.3 Effect>

As described above, in the present embodiment, the second
auxiliary capacitance trunk line 440 is additionally provided
and disposed at the closest position to the periphery of the
substrate, so that the extent of an area overlaid with a seal
material within a wiring area for providing signals to a shift
register can be reduced without increasing a frame area and
overlaying the shift register with the seal material. Conse-
quently, it is possible to reduce the possibility where partial
breakage and disconnection, current leakage, etc., mentioned
earlier, occur in contact holes CT, thereby preventing vari-
ability in output signals of bistable circuits in the shift register
due to varying capacitances.

Furthermore, disposing the second auxiliary capacitance
trunk line 440 at the closest position to the periphery (edge) of
the substrate makes it possible to dispose contact holes CT in
positions significantly distanced from the edge of the sub-
strate. Thus, it is possible to prevent or reduce wiring corro-
sion due to humidity. Specifically, ITO, a pixel electrode
material exposed over the contact holes CT, is susceptible to
corrosion due to humidity, and in the case where aluminum is
used as a gate or source material, corrosion due to humidity
readily occurs as well. Accordingly, the configuration of the
present embodiment, which allows contact holes CT to be
significantly distanced from the edge of the substrate where
moisture in the air readily enters, can prevent or reduce wiring
corrosion due to humidity.

Furthermore, disposing the second auxiliary capacitance
trunk line 440 at the closest position to the periphery (edge) of
the substrate allows a large capacitance (formed by the sec-
ond auxiliary capacitance trunk line 440) to be located
between the bistable circuits of the shift register and the edge
of the substrate. Thus, the bistable circuits can be protected
from electrostatic discharge (ESD) which takes place outside
the substrate. Moreover, in the case where other wiring for
disconnection correction and investigation is not located
between the edge of the substrate and the second auxiliary
capacitance trunk line 440, the wiring can be protected from
electrostatic discharge. Note that by using the potential of the
second auxiliary capacitance trunk line 440 as a common
potential, the effect of protection from electrostatic discharge
can be further increased.
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2. Second Embodiment
2.1 Overall Configuration and Operation>

The overall configuration of the liquid crystal display
device in the present embodiment is the same as in the first
embodiment shown in FIG. 1, the configurations of the pixel
formation portion P and the gate driver 400 are the same as
those shown in FIGS. 2 and 3, respectively, in the first
embodiment, the same elements are denoted by the same
characters, and any descriptions thereof will be omitted.

In the present embodiment, in addition to the first and
second auxiliary capacitance trunk lines 430 and 440 in the
first embodiment shown in FIG. 4, end auxiliary capacitance
lines are provided to connect ends of these trunk lines. This
characteristic feature will be described with reference to FIG.
9.

2.2 Layout Design of the Gate Driver and the
Wiring>

FIG. 9 is adiagram illustrating the layout design of the shift
register 410 in the gate driver 400 and various wiring lines in
the present embodiment. In FIG. 9, there are provided the
shift register 410 composed of i bistable circuits, the first
auxiliary capacitance trunk line 430 for electrically connect-
ing all of the auxiliary capacitance lines CsL, to CsL,, the
second auxiliary capacitance trunk line 440, the drive-signal-
supply trunk line group 420, and various wiring lines, such as
the auxiliary capacitance branch lines, as in FIG. 4, and unlike
in the configuration shown in FIG. 4, an end auxiliary capaci-
tance line 450 is further provided.

The end auxiliary capacitance line 450 is positioned so as
to connect one end (top side of the figure) of the first auxiliary
capacitance trunk line 430 to one end (top side of the figure)
of the second auxiliary capacitance trunk line 440, as shown
in FIG. 9. Moreover, although not shown here, a similar end
auxiliary capacitance line is positioned so as to connect the
other end (to be located on the bottom side of the figure) of the
first auxiliary capacitance trunk line 430 to the other end (to
be located on the bottom side of the figure) of the second
auxiliary capacitance trunk line 440.

In this manner, the end auxiliary capacitance line 450, the
unillustrated end auxiliary capacitance line, and the first and
second auxiliary capacitance trunk lines 430 and 440 are
arranged in a relationship so as to surround the bistable cit-
cuits of the shift register 410. Thus, the bistable circuits can be
more effectively protected from electrostatic discharge
(ESD) which takes place outside the substrate.

Note that even if only one of the end auxiliary capacitance
line 450 and the unillustrated end auxiliary capacitance line is
disposed, the bistable circuits can be protected from electro-
static discharge at the edge of the substrate where the end
auxiliary capacitance line is provided, and therefore, the
effect ofelectrostatic protection can be increased compared to
the first embodiment.

2.3 Effect>

As described above, in addition to achieving each of the
aforementioned effects of the first embodiment, the present
embodiment makes it possible to increase the effect of elec-
trostatic protection by additionally providing the second aux-
iliary capacitance trunk line 440 (along with the unillustrated
end auxiliary capacitance line), so that the bistable circuits

10

15

20

25

30

35

40

45

50

60

65

16

can be protected from electrostatic discharge at the edge of
the substrate where the end auxiliary capacitance line is pro-
vided.

3. Third Embodiment
3.1 Overall Configuration and Operation

The overall configuration of the liquid crystal display
device in the present embodiment is the same as in the first
embodiment shown in FIG. 1, the configurations of the pixel
formation portion P and the gate driver 400 are the same as
those of the first embodiment respectively shown in FIGS. 2
and 3, the same elements are denoted by the same characters,
and any descriptions thereof will be omitted.

In the present embodiment, as in the first embodiment
shown in FIG. 4, the auxiliary capacitance branch lines 441
are provided between the second auxiliary capacitance trunk
line 440 and the first auxiliary capacitance trunk line 430 so as
to connect them, but unlike in the case shown in FIG. 4, the
auxiliary capacitance branch lines 441 are provided between
each bistable circuit and the next. This characteristic feature
will be described with reference to FIG. 10.

3.2 Layout Design of the Gate Driver and the Wiring

FIG. 10 is a diagram illustrating the layout design of the
shift register 410 in the gate driver 400 and various wiring
lines in the present embodiment. In FIG. 10, there are pro-
vided the shift register 410 composed of 1 bistable circuits, the
first auxiliary capacitance trunk line 430 for electrically con-
necting all of the auxiliary capacitance lines CsL; to CsL,, the
second auxiliary capacitance trunk line 440, the drive-signal-
supply trunk line group 420, and various wiring lines, such as
the auxiliary capacitance branch lines, as in FIG. 4, and unlike
in the configuration shown in FIG. 4, the auxiliary capaci-
tance branch lines 441 are provided between the bistable
circuits of the shift register 410.

Note that parasitic capacitances occur between the auxil-
iary capacitance branch lines 441 and the bistable circuits or
the intercircuit lines 411 and 412 for connecting them (and
other intercircuit lines), and therefore, it is preferable to form
the lines in the shape shown in FIG. 5 or 6, as described
earlier, for the purpose of reducing such parasitic capaci-
tances.

3.3 Effect>

As described above, in addition to achieving each of the
aforementioned effects of the first embodiment, the present
embodiment makes it possible to equalize the effect of para-
sitic capacitances between the auxiliary capacitance branch
lines 441 and the bistable circuits (and their intercircuit lines)
by providing the auxiliary capacitance branch lines 441
between the bistable circuits of the shift register 410. Thus, it
is possible to inhibit variability in output signals among the
circuits.

4. Fourth Embodiment
4.1 Overall Configuration and Operation>

The overall configuration of the liquid crystal display
device in the present embodiment is almost the same as in the
first embodiment shown in FIG. 1, the configuration of the
pixel formation portion P is the same as that of the first
embodiment shown in FIG. 2, the same elements are denoted
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by the same characters, and any descriptions thereof will be
omitted. In the present embodiment, unlike in the first
embodiment, the gate driver 400 includes a left-side shift
register 410 and a right-side shift register 413.

Specifically, as shown in FIG. 11, the gate driver 400 in the
present embodiment includes the multi-stage shift register
410 provided to the left (in the figure) of the display portion
600 and the multi-stage shift register 413 provided to the right
(in the figure) of the display portion 600. These shift registers
have the same configuration composed of 1 bistable circuits,
receive the same signals, such as clock signals, and then
output the same scanning signals to the same gate bus lines
from opposite sides (left or right in the figure). As a result, it
is possible to drive the gate bus lines without rounding the
waveform of the scanning signals.

In this manner, the shift registers 410 and 413 are provided
on the left and right sides, and therefore, unlike in the case
shown in FIG. 4, the drive-signal-supply trunk line group 420
for driving them, the first and second auxiliary capacitance
trunk lines 430 and 440, various other wiring lines, etc., are
provided on each of the sides to the left and right of the display
portion 600. This characteristic feature will be described with
reference to FIG. 12.

4.2 Layout Design of the Gate Driver and the
Wiring>

FIG. 12 is a diagram illustrating the layout design of the
shift registers 410 and 413 in the gate driver 400 and various
wiring lines in the present embodiment. In FI1G. 12, provided
in a frame area to the left of the display portion 600 are the
shift register 410 composed of 1 bistable circuits, the first
auxiliary capacitance trunk line 430 for electrically connect-
ing all of the auxiliary capacitance lines CsL,, to CsL,, the
second auxiliary capacitance trunk line 440, the drive-signal-
supply trunk line group 420, and various wiring lines, such as
the auxiliary capacitance branch lines 441, as in FIG. 4, and
also provided in the frame area to the right of the display
portion 600 are the shift register 413 and the various wiring
lines, which are the same as their counterparts and only differ
in the positions.

Here, the auxiliary capacitance branch lines 441 and 442
formed in the frame area to the left and right, respectively, of
the display portion 600, are disposed such that their corre-
sponding rows are positioned deviating from each other, as
shown in FIG. 12. Specifically, the auxiliary capacitance
branch line 441 is provided between the first and second
bistable circuits of the shift register 410, whereas the auxil-
iary capacitance branch line 442 is provided between the
second and third bistable circuits of the shift register 413.

In this manner, the auxiliary capacitance branch lines are
provided deviating from each other on the sides to the left and
right of the display portion 600, such that their positions
correspond to different rows. As a result, (two) bistable cir-
cuits affected by the auxiliary capacitance branch line 441
cannot be the same (two) bistable circuits affected by the
auxiliary capacitance branch line 442. Thus, it is possible to
avoid or reduce the possibility where any bistable circuit
being significantly affected by a specific gate bus line coupled
thereto results in variability of output signals between the
bistable circuit coupled to the gate bus line and unaffected
bistable circuits.

Note that in the configuration shown in FIG. 12, both the
second bistable circuits are affected by the auxiliary capaci-
tance branch lines, but the first and third bistable circuits are
affected by only one of the auxiliary capacitance branch lines
441 and 442, so that variability in output signals of the
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bistable circuits can be reduced. However, in the case where
it is desirable to further reduce the variability, the auxiliary
capacitance branch lines 441 and 442 may be disposed such
that the bistable circuits are affected by only one or none of
the auxiliary capacitance branch lines 441 and 442.

Furthermore, ina configuration similar to the third embodi-
ment, the auxiliary capacitance branch lines 441 may be
provided between every other bistable circuit of the shift
register 410, and the auxiliary capacitance branch lines 442
may be provided between every other bistable circuit of the
shift register 413, but not in positions corresponding to the
same rows as the auxiliary capacitance branch lines 441. As a
result, it is possible to make the influence of parasitic capaci-
tances generally uniform between the auxiliary capacitance
branch lines 441 and 442 and the bistable circuits (and other
intercircuit lines), (although different between the left and
right sides). Thus, it is possible to further inhibit variability in
output signals of the circuits.

Furthermore, in the present embodiment, the end auxiliary
capacitance line 451, which is almost the same as that in the
second embodiment shown in FIG. 9, is provided (along with
an unillustrated other end auxiliary capacitance line), but
unlike in the second embodiment, the end auxiliary capaci-
tance line 451 is provided so as to connect one end of the first
auxiliary capacitance trunk line 430 formed on the left side in
the frame area to one end of the first auxiliary capacitance
trunk line 430 formed on the right side in the frame area, i.e.,
so as to surround the display portion 600. As a result, it is
possible to further increase the effect of protection from elec-
trostatic discharge at the edge of the substrate where the end
auxiliary capacitance lines are provided. Note that similar to
the second embodiment, one of the two end auxiliary capaci-
tance lines may be omitted.

In particular, by designing each source bus line so as not to
cross the end auxiliary capacitance line 451 at the tip opposite
to where the source driver is disposed, it is rendered possible
to allow the source bus lines and TFTs in the display portion
to have an enhanced electrostatic protection effect.

4.3 Effect>

As described above, in the present embodiment, in addition
to achieving each of the aforementioned effects of the first
embodiment, the auxiliary capacitance branch lines 441 and
442 are formed on the left and right sides, respectively, within
the frame area, so as not to be at corresponding positions in
the same row, so that it is possible to avoid or reduce the
possibility where any bistable circuit being significantly
affected by a specific gate bus line coupled thereto results in
variability of output signals between the bistable circuit
coupled to the gate bus line and unaffected bistable circuits.

Note that in the present embodiment, each single scanning
signal line is driven from opposite ends, but even in the case
where each single scanning signal line is driven from one end
(typically, on the side determined alternatingly in the arrange-
ment direction of the scanning signal line), scanning signal
lines are divided into a group to be driven by the left-side shift
register 410 and a group to be driven by the right-side shift
register 413, which makes it possible to reduce the size ofthe
bistable circuits in the arrangement direction, so that the
extent of an area overlaid with a seal material in the wiring for
providing signals to the scanning signal line driver circuit can
be reduced without overlaying the scanning signal line driver
circuit with the seal material.
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3. Fifth Embodiment

5.1 Overall Configuration and Operatior™>

The overall configuration of the liquid crystal display
device in the present embodiment is the same as in the first
embodiment shown in FIG. 1, the configurations of the pixel
formation portion P and the gate driver 400 are the same as
those of the first embodiment shown in FIGS. 2 and 3, respec-
tively, the same elements are denoted by the same characters,
and any descriptions thereof will be omitted.

In the present embodiment, various wiring lines are pro-
vided as in the first embodiment shown in FIG. 4, but in the
present embodiment, openings are provided in the second
auxiliary capacitance trunk line 440 and the widest line for
direct-current voltage VSS in the drive-signal-supply trunk
line group 420. This characteristic feature will be described
with reference to FIG. 13.

5.2 Layout Design of the Wiring>

FIG. 13 is a diagram illustrating the layout design of vari-
ous wiring lines in the present embodiment. Slit-like open-
ings are provided in the second auxiliary capacitance trunk
line 440 and a line 420q for direct-current voltage VSS, which
is the widest line in the drive-signal-supply trunk line group
420, as shown in FIG. 13.

The openings have the function of allowing a seal material
positioned thereabove to be reliably cured.

Specifically, in the case where a photo, e.g., UV, curable (or
thermosetting) seal material is used, little light reaches the
seal material on wiring lines not penetrable to light. This is
particularly true on wide lines. Therefore, openings for light
to pass through are formed in wide lines, thereby reliably
curing the seal material.

Furthermore, in the case where a seal material not to be
cured by light (e.g., to be cured by heat only) is used, the
openings do not function to allow the seal material to be
reliably cured, but working conditions ofthe seal material, for
example, as to the width and whether or not the seal material
has been completely cured, can be observed via the openings.
Specifically, the working conditions of the seal material can-
not be normally studied through the wiring portion formed on
the glass substrate, but it is possible if openings are formed.
Moreover, a black matrix is normally formed in the area of the
opposing substrate (to be attached) that corresponds to the
frame area, and therefore, the working conditions of the seal
material cannot be studied from the opposing substrate side.
Accordingly, by providing the openings, it is rendered pos-
sible to readily study the working conditions of the seal mate-
rial (on the wiring), which is normally difficult.

5.3 Effect>

As described above, in the present embodiment, in addition
to achieving each of the aforementioned effects of the first
embodiment, openings are provided in wide wiring lines on
which the seal material is provided, specifically, the second
auxiliary capacitance trunk line 440 and at least the widest
line (e.g., the wiring line 420a for direct-current voltage VSS)
of the drive-signal-supply trunk line group 420, so that a
photo-curable seal material can be reliably hardened, and
working conditions of the seal material on the wiring lines can
be readily studied.
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6. Sixth Embodiment
6.1 Overall Configuration and Operation

The overall configuration of the liquid crystal display
device in the present embodiment is almost the same as in the
first embodiment shown in FIG. 1, but significantly differs in
that, in the present embodiment, each pixel formation portion
is composed of two subpixel formation portions P, and P,
(hereinafter, also referred to as a lower subpixel P, and an
upper subpixel P,), and auxiliary capacitance lines for pro-
viding different potentials are connected to the subpixel for-
mation portions P, and P, respectively. Except for these, the
configuration of the gate driver 400 and other features are the
same as in the first embodiment, the same elements are
denoted by the same characters, and any descriptions thereof
will be omitted. The configurations of the subpixel formation
portions P, and P, will now be described with reference to
FIG. 14.

FIG. 14 illustrates an equivalent circuit of a pixel formation
portion composed of subpixel formation portions P, (n,m) and
P, (n,m)in the display portion 600 of the present embodiment.
As shown in FIG. 14, each of the subpixel formation portions
P (n,m)and P,(n,m)includes a TFT 10, which is a switching
element having a gate terminal connected to a gate bus line
GL,, and a source terminal connected to a source bus line SL,
passing through the intersection, a pixel electrode E ;. con-
nected to a drain terminal of the TFT 10, a common electrode
E_ ., commonly provided for the pixel formation portions,
and a liquid crystal layer commonly provided for the pixel
formation portions and sandwiched between the pixel elec-
trode B, and the common electrode B, as an electro-optic
element.

Moreover, an auxiliary capacitance line CsL,, is provided in
parallel with gate bus lines GL,,, and auxiliary capacitances
Ccs are formed between the pixel electrode E,,,, and an aux-
iliary capacitance line CsL,, ; in the upper subpixel formation
portion P,(n,m) and between the pixel electrode E,,,, and the
auxiliary capacitance line CsL,, in the lower subpixel forma-
tion portion P,(n,m). In addition, the auxiliary capacitance
line CsL,,_; (along with every other adjacent auxiliary capaci-
tance line) is driven by an upper auxiliary capacitance line
driver circuit 7005 at a predetermined potential, and the aux-
iliary capacitance line CsL,, (along with every other adjacent
auxiliary capacitance line) is driven by a lower auxiliary
capacitance line driver circuit 700¢ at a predetermined poten-
tial different from the potential provided by the upper auxil-
iary capacitance line driver circuit 7005. In this mannet, each
single pixel formation portion is divided into two subpixel
formation portions, the potentials of the auxiliary capacitance
lines are caused to vary differently, as described above, to
change their holding potentials, thereby achieving a wide
viewing angle, and this configuration is well-known in the
field of liquid crystal panels or suchlike for use in televisions,
for example.

For the two types of auxiliary capacitance lines to which
their respective different potentials are provided by the upper
auxiliary capacitance line driver circuit 7005 and the lower
auxiliary capacitance line driver circuit 700a, as described
above, two types of auxiliary capacitance trunk lines and two
types of auxiliary capacitance branch lines are required. This
characteristic feature will be described with reference to FIG.
15.

6.2 Layout Design of the Gate Driver and the
Wiring>

FIG. 15 is a diagram illustrating the layout design of the
shift register 410 in the gate driver 400 and various wiring
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lines in the present embodiment. In FIG. 15, there are pro-
vided the shift register 410 composed of1 bistable circuits, the
second auxiliary capacitance trunk line 440, the intercircuit
lines, etc., which are the same as those shown in FIG. 4 above,
and there are also provided a first lower auxiliary capacitance
trunk line 430a, a second lower auxiliary capacitance trunk
line 440q, and a lower auxiliary capacitance branch line 4414
for electrically connecting them, as well as a first upper aux-
iliary capacitance trunk line 4305, a second upper auxiliary
capacitance trunk line 4404, and an upper auxiliary capaci-
tance branch line 4415 for electrically connecting them.

Here, as shown in FIG. 15, the first lower auxiliary capaci-
tance trunk line 4304 is electrically connected to lower aux-
iliary capacitance lines (including the auxiliary capacitance
line CsL,), which are the part of the auxiliary capacitance
lines CsL, to CsL, that provides predetermined potentials to
the lower pixel formation portions P,, via branch lines
arranged so as to extend over the first upper auxiliary capaci-
tance trunk line 4304. Note that these branch lines are made of
the same material as source bus lines SL, to SL,.

In addition, the first lower auxiliary capacitance trunk line
430q is connected to and made of the same material as the
lower auxiliary capacitance branch line 4414 (i.e., the same
material as the gate bus lines GL, to GL,), and the first lower
auxiliary capacitance trunk line 430a is electrically con-
nected to the lower auxiliary capacitance branch line 441a
and the second lower auxiliary capacitance trunk line 440a
via branch lines which are arranged so as to extend over the
second upper auxiliary capacitance trunk line 4405. Note that
these branch lines are made of the same material as the source
bus lines SL, to SL,.

Furthermore, the first upper auxiliary capacitance trunk
line 4305 is electrically connected to upper auxiliary capaci-
tance lines (including the auxiliary capacitance line CsL,,, , ),
which are the part of the auxiliary capacitance lines CsL; to
CsL, that provides predetermined potentials to the upper pixel
formation portions P,

Further still, the second upper auxiliary capacitance trunk
line 4405 is connected to and made of the same material as the
upper auxiliary capacitance branch line 441¢ (i.e., the same
material as the gate bus lines GL, to GL,), and the second
upper auxiliary capacitance trunk line 4405 is electrically
connected to the upper auxiliary capacitance branch line 4415
and the first upper auxiliary capacitance trunk line 4305 via
branch lines which are arranged so as to extend over the first
lower auxiliary capacitance trunk line 430a. Note that these
branch lines are made of the same material as the source bus
lines SL, to SL,.

In this manner, the auxiliary capacitance lines, the first and
second auxiliary capacitance trunk lines, and the auxiliary
capacitance branch lines for connecting them are each pro-
vided in two types, so that potentials held in two subpixel
formation portions included in each single pixel formation
portion can be caused to vary differently, thereby making it
possible to achieve a wide viewing angle for liquid crystal
panels or suchlike for use in televisions, for example.

Note that in the present embodiment, the auxiliary capaci-
tance lines, the auxiliary capacitance trunk lines, and the
auxiliary capacitance branch lines are each provided in two
types, but they may be provided in an appropriate number of
types, such as four or eight types, in accordance with the
number of subpixel formation portions to which different
potentials are provided within each single pixel formation
portion.

6.3 Effect>

As described above, in the present embodiment, in addition
to achieving each of the aforementioned effects of the first
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embodiment, the auxiliary capacitance lines, the auxiliary
capacitance trunk lines, and the auxiliary capacitance branch
lines are each provided in a plurality of types, so that poten-
tials held in a plurality of subpixel formation portions
included in each single pixel formation portion are caused to
vary differently, thereby increasing the viewing angle oflig-
uid crystal panels.

7. Variant of the Embodiments>

In each of the embodiments, one or more first auxiliary
capacitance trunk lines are provided, but they may be omitted
with the second auxiliary capacitance trunk line being pro-
vided alone. In such a configuration, the positions of the
bistable circuits included in the shift register can be moved
away from the edge of the liquid crystal panel toward the
display portion 600 (i.e., to the right in the figures) by a
distance equivalent to the width of the area where the first
auxiliary capacitance trunk line is provided, so that the extent
of the part of the wiring area for providing signals to the shift
register that is overlaid with a seal material can be further
reduced without increasing the frame area and overlaying the
shift register with the seal material, and furthermore, wiring
corrosion in contact holes CT due to humidity can be pre-
vented or reduced.

However, in the configuration of the variant, it is necessary
to provide a predetermined potential to the auxiliary capaci-
tance lines CsL, to CsL, by the second auxiliary capacitance
trunk line alone, and therefore, if any one of the auxiliary
capacitance branch lines 441 is cut (during the production
process), it is not possible to provide the predetermined
potential to the auxiliary capacitance lines CsL, to CsL, using
the first auxiliary capacitance trunk line, resulting in a defec-
tive product and a reduced yield.

Furthermore, in the configuration of the variant, the second
auxiliary capacitance trunk line alone might not be able to
provide the predetermined potential uniformly to the auxil-
iary capacitance lines CsL; to CsL,. The reason for this is as
follows. Specifically, the auxiliary capacitance branch lines
441 are susceptible to potential variations due to parasitic
capacitances, for example, at crossing points with intercircuit
lines, as described above, and therefore, a uniform potential
might not be provided. In addition, when compared to auxil-
iary capacitance lines connected in the vicinity of the end of
the second auxiliary capacitance trunk line that is proximal to
the power source, auxiliary capacitance lines connected in the
vicinity of the distal end are prone to signal delays, and might
be able to provide a uniform potential. In particular, in the
case where the auxiliary capacitance lines are driven by alter-
nating current, the signal delays might result in reduced dis-
play quality such as a phenomenon where shadowy images
are displayed (referred to as a shadowing phenomenon).
Accordingly, in the case where priority is given to a predeter-
mined potential being uniformly provided to the auxiliary
capacitance lines CsL, to CsL,, the configurations of the
embodiments are preferable.

Note that the embodiments are merely illustrative, and by
appropriately combining their characteristic components or
in combination with well-known different components, the
present invention can be applied to diverse variants.

INDUSTRIAL APPLICABILITY

The present invention is applied to, for example, active-
matrix liquid crystal display devices or suchlike, and is suit-
able for liquid crystal display devices in which shift registers
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included in scanning signal line driver circuits and various
wiring lines are laid out in frame areas.

DESCRIPTION OF THE REFERENCE
CHARACTERS

100 power source

200 display control circuit

300 source driver (video signal line driver circuit)
400 gatedriver (scanning signal line driver circuit)
410, 413 shift register

411, 412 intercircuit line

420 drive-signal-supply trunk line group

421 drive-signal-supply branch line group

430 first auxiliary capacitance trunk line

440 second auxiliary capacitance trunk line

441 auxiliary capacitance branch line

451 end auxiliary capacitance line

500 common electrode driver circuit

600 display portion

CT contact hole

V om cOmmon potential

SL, to SL, source bus line

GL, to GL,; gate bus line

CsL, to CsL, auxiliary capacitance line
GSP gate start pulse signal

GCK gate clock signal

CK, to CK, first to fourth gate clock signals

The invention claimed is:

1. An active-matrix liquid crystal display device compris-
ing:

a first substrate including a display area in which pixel
formation portions configured to produce an image to be
displayed are arranged in a matrix;

a second substrate opposed to the first substrate; and

a liquid crystal layer sealed between the first and second
substrates by a predetermined seal material; wherein

the first substrate includes:

video signal lines configured to transmit signals to rep-
resent the image to be displayed;

scanning signal lines crossing the video signal lines;

auxiliary lines extending in parallel with the scanning
signal lines;

a scanning signal line driver circuit including a group of
circuits configured to selectively drive the scanning
signal lines;

a first auxiliary trunk line extending in an arrangement
direction of the auxiliary lines and electrically con-
nected to the auxiliary lines, the first auxiliary trunk
line being located outside of the display area and
directly between the scanning signal line driver circuit
and the display area; and

a second auxiliary trunk line extending in the arrange-
ment direction of the auxiliary lines and electrically
connected to the auxiliary lines, the second auxiliary
trunk line being located between the scanning signal
line driver circuit and an edge of the first substrate that
is opposite to the display area with respect to the
scanning signal line driver circuit.

2. The liquid crystal display device according to claim 1,
further comprising a drive-signal-supply trunk line config-
ured to transmita drive signal to drive the scanning signal line
driver circuit, the drive-signal-supply trunk line being pro-
vided so as to extend in the arrangement direction between the
second auxiliary trunk line and the scanning signal line driver
circuit, wherein,
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the seal material is disposed in an area extending from a
position near the edge of the first substrate to a prede-
termined position on the drive-signal-supply trunk line.

3. The liquid crystal display device according to claim 2,
further comprising drive-signal-supply branch lines con-
nected to the drive-signal-supply trunk line by contact holes
to connect the drive-signal-supply trunk line to the group of
circuits, wherein,

the seal material is disposed in the area extending from the
position near the edge of the first substrate to the prede-
termined position over a portion of the contact holes.

4. The liquid crystal display device according to claim 3,
wherein the contact holes include a same material as pixel
electrodes provided in the pixel formation portions and are
configured to connect the drive-signal-supply trunk line and
the drive-signal-supply branch lines.

5. The liquid crystal display device according to claim 1,
further comprising auxiliary branch lines located between the
first and second auxiliary trunk lines, the auxiliary branch
lines connecting the first and second auxiliary trunk lines,
wherein,

the auxiliary branch lines are disposed at approximately
equal intervals in the arrangement direction such that
each auxiliary branch line passes between two circuits
adjacent in the arrangement direction within the group
of circuits.

6. The liquid crystal display device according to claim 5,
wherein the auxiliary branch lines are disposed so as to pass
between all circuits adjacently paired in the arrangement
direction within the group of circuits.

7. The liquid crystal display device according to claim 1,
further comprising:

auxiliary branch lines located between the first and second
auxiliary trunk lines, the auxiliary branch lines connect-
ing the first and second auxiliary trunk lines; and

intercircuit lines, each connecting two different circuits
positioned in the arrangement direction within the group
of circuits, wherein,

the intercircuit lines are narrowed near intersections with
the auxiliary branch lines.

8. The liquid crystal display device according to claim 7,

wherein

the auxiliary branch lines are narrowed near intersections
with the intercircuit lines.

9. The liquid crystal display device according to claim 1,
further comprising an end auxiliary line configured to con-
nect the first and second auxiliary trunk lines, the end auxil-
iary line being disposed around the scanning signal line driver
circuit either between one end of the first auxiliary trunk line
and one end of the second auxiliary trunk line or between the
other end of the first auxiliary trunk line and the other end of
the second auxiliary trunk line, or both.

10. The liquid crystal display device according to claim 1,
wherein,

the scanning signal line driver circuit includes:
afirst group of circuits configured to selectively drive the

scanning signal lines from one side; and
asecond group of circuits configured to selectively drive
the scanning signal lines from another side,

the first auxiliary trunk line is disposed between the first or
second group of circuits and the display area, and

the second auxiliary trunk line is disposed between the first
group of circuits or the second group of circuits and an
edge of the first substrate that is opposite to the display
area with respect to the first group of circuits or the
second group of circuits.
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11. The liquid crystal display device according to claim 10,
further comprising auxiliary branch lines located between the
first and second auxiliary trunk lines disposed on the one or
the another side, the auxiliary branch lines connecting the first
and second auxiliary trunk lines, wherein,

each of the auxiliary branch lines passes between two

circuits adjacent in the arrangement direction within the
group of circuits, such that the auxiliary branch lines on
the one side and the auxiliary branch lines on the another
side are positioned so as to alternate in the arrangement
direction.

12. The liquid crystal display device according to claim 10,
further comprising an end auxiliary line configured to con-
nect second auxiliary trunk lines disposed on the one and the
another sides, the end auxiliary line being disposed either
between one end of the second auxiliary trunk line on the one
side and one end of the second auxiliary trunk line on the
another side or between the another end of the second auxil-
iary trunk line on the one side and the another end of the
second auxiliary trunk line on the another side, or both.

13. The liquid crystal display device according to claim 1,
wherein the second auxiliary trunk line includes a plurality of
openings.

14. The liquid crystal display device according to claim 2,
wherein,

the drive-signal-supply trunk line includes wiring lines,

and

a widest of the wiring lines on which the seal material is

disposed includes a plurality of openings.

15. The liquid crystal display device according to claim 1,
wherein,

the auxiliary lines are of a plurality of different types which

are configured to be driven to be set at different poten-
tials,

a plurality of the first auxiliary trunk lines is provided in

accordance with the types, and
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a plurality of the second auxiliary trunk lines is provided in
accordance with the types.

16. The liquid crystal display device according to claim 1,

wherein the second auxiliary trunk line is wider than the
first auxiliary trunk line.

17. The liquid crystal display device according to claim 1,

wherein the first auxiliary trunk line is made of a same
material as the second auxiliary trunk line.

18. A substrate of an active-matrix liquid crystal display

device, comprising:

adisplay area in which pixel formation portions configured
to produce an image to be displayed are arranged in a
matrix;

video signal lines configured to transmit signals to repre-
sent the image to be displayed,

scanning signal lines crossing the video signal lines;

auxiliary lines extending in parallel with the scanning sig-
nal lines;

a scanning signal line driver circuit configured to selec-
tively drive the scanning signal lines;

a first auxiliary trunk line extending perpendicular to the
auxiliary lines and directly electrically and physically
connected to the auxiliary lines, the first auxiliary trunk
line being located outside of the display area and directly
between the scanning signal line driver circuit and the
display area; and

a second auxiliary trunk line extending perpendicular to
the auxiliary lines and electrically connected to the aux-
iliary lines, the second auxiliary trunk line being located
between the scanning signal line driver circuit and an
edge of the first substrate that is opposite to the display
area with respect to the scanning signal line driver cir-
Cuit.

19. The liquid crystal display device according to claim 18,

wherein the second auxiliary trunk line is wider than the first
auxiliary trunk line.
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