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LIQUID CRYSTAL DISPLAY DEVICE

This application is a Continuation application of U.S.
patent application Ser. No. 11/797,944, filed May 9, 2007,
Now Abandoned, which is a Continuation application of
application Ser. No. 10/618,748, filed Jul. 15, 2003, now U.S.
Pat. No. 7,304,710, which claims priority from Japanese
patent application JP 2002-207691, filed on Jul. 17, 2002, the
contents of which are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device, and, more particularly, to a liquid crystal display
device having an enlarged image display area.

Liquid crystal display devices are used in television sets,
personal computers, and as displays for mobile terminals. An
active matrix type of liquid crystal display device has trans-
parent substrates disposed in opposition to each other with a
liquid crystal interposed therebetween.

FIG. 20 is a diagram of the interconnection lines provided
on and at the periphery of a transparent substrate of a typical
liquid crystal display device of the type which is currently
being manufactured, A liquid-crystal-side surface of one of
the transparent substrates is provided with gate lines GW,
which are disposed to extend in the x (lateral) direction and to
be juxtaposed in the y (longitudinal) direction, and drain
(source) lines DW, which are disposed to extend in the y
direction and to be juxtaposed in the x direction.

The gate lines GW and the drain lines DW cross one
another at right angles. and a switching element and a pixel
electrode are formed in each area surrounded by adjacent
ones of the gate lines GW and adjacent ones of the drain lines
DW, thereby forming a so-called pixel. The switching ele-
ment is turned on by a scanning signal supplied from the
corresponding one of the gate lines GW, and the pixel elec-
trode is supplied with a video signal from the corresponding
one of the drain lines DW via the switching element. The
areas that are defined by the gate lines GW and the drain lines
DW constitute a pixel area AR.

Mobile terminals are being reduced more and more in size,
whereas their image display areas are being enlarged more
and more to realize better visibility of displayed information.
For this reason, in a liquid crystal display device such as
shown in FIG. 1, the proportion of the pixel area AR in the
transparent substrate is increasing more and more, whereas
the peripheral area surrounding the pixel area AR is decreas-
ing more and more. In the typical liquid crystal display
device, circuit chips for driving the liquid crystal (hereinafter
referred to as drivers) and connecting lines are disposed in the
peripheral area.

The gate lines GW and the drain lines DW are electrically
connected to a gate driver and a drain driver via gate connect-
ing lines GC and drain connecting lines DC, respectively. In
a liquid crystal display device, if the display area is made
larger, the distance between each of the gate connecting lines
GCorthe drain connecting lines DC becomes shorter because
of the narrowing of the peripheral area, resulting in the prob-
lem of electrical shorting of the gate connecting lines GC or
the drain connecting lines DC. In addition, if each of the gate
connecting lines GC or the drain connecting lines DC is made
thin, the problem of disconnection occurs.

Furthermore, as the peripheral area becomes narrower, an
area in which the drivers are disposed becomes smaller. A
gate driver GDr has gate signal output terminals ona long side
closerto the pixel area AR. The gate connecting lines GC pass
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through a portion under the gate driver GDrand are connected
to a gate common line GCOM. Accordingly, terminals for
transmitting or receiving signals cannot be disposed on the
side of the gate driver GDr that is closer to a short side of the
panel PNL.

SUMMARY OF THE INVENTION

A liquid crystal display device according to the invention
includes transparent substrates that are disposed in opposition
to each other, with a liquid crystal interposed therebetween.
One of the transparent substrates is provided with a plurality
of gate lines that are disposed to extend in the x (lateral)
direction and to be juxtaposed in the y (longitudinal) direc-
tion, and a plurality of drain (source) lines that are disposed to
extend in the y direction and to be juxtaposed in the x direc-
tion. This substrate has a peripheral area which surrounds a
pixel area formed by the plurality of gate lines and the plu-
rality of drain lines.

The plurality of gate lines are connected to a plurality of
gate connecting lines formed in the peripheral area. The plu-
rality of gate connecting lines are stacked in the peripheral
area. The gate connecting lines extend to a gate common line
on a side different from a side where a driver is disposed.
Drain connecting lines are disposed under a gate driver.

According to this construction, it is possible to provide a
liquid crystal display device having a reduced peripheral area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a substrate of a liquid
crystal display device according to the invention;

FIG. 2 is a diagram of the layout of drain connecting lines
according to the invention;

FIG. 3 is a cross-sectional view of the display device, taken
along line I[-I of FIG. 1;

FIG. 4 is a cross-sectional view of the display device, taken
along line [1-11 of F1IG. 1,

FIG. 5 is a cross-sectional view of the display device,
showing another example of the construction of the gate
connecting lines according to the invention;

FIG. 6 is a schematic diagram of a substrate of a liquid
crystal display device having another structure according to
the invention;

FIG. 7 is a cross-sectional view of the display device, taken
along line [II-11I of FIG. 6;

FIG. 8 is a schematic diagram of a liquid crystal display
device unit, which drives two liquid crystal display devices by
means of one driver, according to the invention;

FIG. 9 is a cross-sectional view of a substrate of a liquid
crystal display device according to the invention, taken along
line IV-IV of FIG. 8,

FIG. 10 is a schematic diagram of a substrate of a liquid
crystal display device according to a second embodiment of
the invention;

FIG. 11 is a cross-sectional view of the display device,
taken along line V-V of FIG. 10;

FIG. 12 is a cross-sectional view of the display device,
taken along line VI-VI of FIG. 10;

FIG. 13 is a schematic diagram showing interconnection
lines provided on and at the periphery of the substrate of the
liquid crystal display device according to the invention;

FIG. 14 is a schematic diagram showing interconnection
lines provided on and at the periphery of the substrate of the
liquid crystal display device according to the invention;
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FIG. 15 is a schematic diagram of a substrate of a liquid
crystal display device having another construction according
to the invention;

FIG. 16 is a schematic enlarged diagram of the liquid
crystal display device of the invention in which a driver is
disposed;

FIG. 17 is a schematic enlarged diagram of the liquid
crystal display device of the invention, in which the driver DR
is disposed,

FIG. 18 is a top plan view of the gate driver shown in FIG.
17;

FIG. 19 is a plan view showing the layout of the drain
connecting lines DC; and

FIG. 20 is a diagram of interconnection lines provided on
and at the periphery of a transparent substrate of a typical
liquid crystal display device of the type which is currently
being manufactured.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of the invention will be described
below with reference to the accompanying drawings.

In each of the embodiments, parts and portions having the
same functions are denoted by the same reference numerals.

FIG. 1 is a schematic diagram of a substrate of a liquid
crystal display device for a mobile terminal, according to the
invention. The liquid crystal display device has an effective
screen with a diagonal size of about 5.08 ¢cm, and FIG. 1
shows a transparent substrate on which pixel electrodes are
formed. The liquid crystal display device shown in FIG. 1 is
an active matrix type of device.

The active matrix type of liquid crystal display device is
provided with polygonal first and second substrates disposed
in opposition to each other, with a liquid crystal layer being
disposed between the first substrate and the second substrate.
Common electrodes are formed on the second substrate. Each
of the common electrodes and a corresponding one of the
pixel electrodes form a capacitor to hold a voltage.

A liquid-crystal-side surface of the first substrate PNL1 is
provided with gate lines GW that are disposed to extend in the
x (lateral) direction and to be juxtaposed in the y (longitudi-
nal) direction, and drain lines (or source lines) DW that are
insulated from the gate lines GW and are disposed to extend
in the y direction and to be juxtaposed in the x direction.

In each area which is surrounded by mutually adjacent
ones of the gate lines GW and mutually adjacent ones of the
drain lines DW, a switching element and a pixel electrode are
formed to constitute a so-called pixel. The switching element
is turned on by a scanning signal supplied from the corre-
sponding one of the gate lines GW, while the pixel electrode
is supplied with a video signal from the corresponding one of
the drain lines DW via the switching element. One example of
the switching element is a thin film transistor.

A gate driver GDr and a drain driver DDr are mounted on
a panel PNL along one short side thereof by a flip chip
attachment scheme. The gate driver GDr is connected to the
gate lines GW, while the drain driver DDr is connected to the
drain lines DW.

FIG. 1 shows part of the plurality of gate lines GW. In FIG.
1, there are a gate line GW1 for controlling the most distant
pixels from the gate driver GDr, a gate line GW2 adjacent to
the gate line GW1, a gate line GW4 for controlling the central
pixels of the screen of the panel PNL, a gate line GW3
adjacent to the gate line GW4 and positioned on a more
distant side from gate driver GDr, a gate line GW5 adjacent to
the gate line GW4 and positioned on a side closer to the gate

20

25

40

45

60

65

4

driver GDr, a gate line GW6 adjacent to the gate line GW5, a
gate line GWm for controlling the closest pixels to the gate
driver GDr, and a gate line GWm-1 adjacent to the gate line
GWm. The gate lines GW1, GW2, GW3, GW4, GW5, GW6,
GWm-1 and GWm are respectively electrically connected to
gate connecting lines GC1, GC2, GC3, GC4, GC5, GC6,
GCm-1 and GCm. The gate connecting lines GC1, GC2,
GC3, GC4, GC5, GC6, GCm-1 and GCm are connected to
the gate driver GDr.

FIG. 1 shows part of the plurality of drain lines DW. In FIG.
1, there are drain lines DW1 and DWn, which are respectively
disposed on lateral opposite ends of a pixel area AR. The area
surrounded by the gate line GW1 and GWm and the drain
lines DW1 and DWn is the pixel area AR. No pixels are
formed in a peripheral area AP of the panel PNL.

The panel PNL shown in FIG. 1 is a rectangular substrate
having short sides and long sides. In the peripheral arca AP
thereof, the gate connecting lines GC and a common line VCL
are disposed in an area GA1 along one of the long sides
(hereinafter referred to as the first long side area GA1).
Charge-holding lines SW and a common line VCL are dis-
posed in an area GA2 along the other of the long sides (here-
inafter referred to as the second long side area GA2) in the
peripheral area AP. The common lines VCL are electrically
connected to the common electrodes that are disposed in
opposition to the first substrate PNL1 via a common line
connecting terminal VCP.

In the peripheral area AP, IC chips for driving the liquid
crystal display device are fixed in an area DA1 along one of
the short sides (hereinafter referred to as the first short side
area DA1).

The driver circuit chip DDr, which is electrically connected
to the drain lines DW (hereinafter referred to the drain driver)
DDr) is disposed in an area containing the central portion of
the first shortside area DA1. The drain lines DW and the drain
driver DDr are interconnected by drain connecting lines DC.

FIG. 2 is a diagram showing the layout of the drain con-
necting lines DC in the peripheral area AP on the side where
the drain driver DDr is disposed. A first drain connecting line
DC1 positioned on the leftmost side and a second drain con-
necting line DC2 adjacent to the first drain connecting line
DC1 are spaced apart from each other by a distance DP. Since
the first drain connecting line DC1 and the second drain
connecting line DC2 are disposed in parallel with each other,
the distance DP can be made constant, and the width of each
of the drain connecting lines DC can be made constant.
Accordingly, electrical short-circuiting and disconnection
can be restrained from occurring in any of the drain connect-
ing lines DC over the entire length thereof.

The interconnection resistances of the respective drain
connecting lines DC are made uniform from a drain connect-
ing line extending to the most distant position from the drain
driver DDr to a drain connecting line extending to the closest
position. Since the interconnection resistances are uniform,
the rounding of signal waveforms supplied from the drain
driver DDr to individual pixels is made uniform. Since the
interconnection resistances are uniform, variations in display
characteristic among the pixels can be reduced.

As the difference in length between each of the drain con-
necting lines DC is made smaller and the distance DP is made
larger, the interconnection resistances of the respective drain
connecting lines DC can be made uniform more easily. The
distance DP can be calculated by DP=sin 01xP, where P is the
pixel pitch. The pixel pitch P is a value to be determined
according to the type of product, and the distance DP can be
increased by increasing the angle 1. Since the drain driver
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DDr is disposed in the central portion of the first short side
area DAL, the distance DP can be maximized.

The driver circuit chip (hereinafter referred to the gate
driver) GDr, which is electrically connected to the gate lines
GW, is disposed on the left side of the drain driver DDr with
a space interposed therebetween. According to this construc-
tion, the drain driver DDr needs only to be mounted on one
side of the first substrate PNL1, and the peripheral area AP of
the first substrate PNL1 can be made small on the other side
on which no drivers are disposed.

The gate driver GDr has a rectangular shape with long sides
parallel to the short sides of the panel PNL and short sides
parallel to the long sides of the panel PNL. The gate connect-
ing lines GC are connected to terminals provided on the long
and short sides of the gate driver GDr that are exposed to the
display area AR.

Since part of the terminals are provided on the short side of
the gate driver GDr, the long sides of the gate driver GDr can
be made short, whereby an increase in the peripheral area AP
can be restrained. In addition, since the long sides of the gate
driver GDr can be made short, the incident angle 81 of the
drain connecting lines DC, with respect to the Y axis, can be
increased, whereby the yield factor of manufacture can be
improved.

The gate connecting lines GC1, GC2, GC3 and GC4 are
connected to the upper half (more distant from the gate driver
GDr) of the gate connecting lines GC of the pixel area AR,
while the gate connecting lines GC5, GC6, GCm-1 and GCm
are connected to the lower half (closer to the gate driver GDr)
of the gate connecting lines GC of the pixel area AR, and each
of the gate connecting lines GC1, GC2, GC3 and GC4 is
disposed to overlap a respective one of the gate connecting
lines GC5, GC6, GCm-1 and GCm. In a first long side area
GALl, the gate connecting line GC1 and the gate connecting
line GC5 overlap each other, the gate connecting line GC2
and the gate connecting line GC6 overlap each other, the gate
connecting line GC3 and the gate connecting line GCm-1
overlap each other, and the gate connecting line GC4 and the
gate connecting line GCm overlap each other.

In the first short side area DA1, the gate connecting line
GCS5 is insulated from and crosses the gate connecting lines
GC1, GC2, GC3 and GC4, which are connected to the upper
half of the gate connecting lines GC.

FIG. 3 is a cross-sectional view taken along line I-] of FIG.
1.

The gate connecting lines GC1, GC2, GC3 and GC4 are
connected to the upper half (more distant from the gate driver
GDr) of the gate connecting lines GC of the pixel area AR and
are respectively disposed to overlie the gate connecting lines
GC5, GC6, GCm-1 and GCm, which are connected to the
lower half (closer to the gate driver GDr) of the gate connect-
ing lines GC of the pixel area AR.

As shown in FIG. 3, the underlying gate connecting lines
GC5, GC6, GCm-1 and GCm are formed on the panel PNL,
and the overlying gate connecting lines GC1, GC2, GC3 and
GC4 are respectively formed to overlie the underlying gate
connecting lines GC5, GC6, GCm-1 and GCm. The gate
connecting lines GC3 and GC4 are overlying gate lines which
extend so as to climb over the underlying gate connecting
lines GCm-1 and GCm, respectively.

The overlying gate connecting lines GC1, GC2, GC3 and
GC4 and the underlying gate connecting lines GCS, GC6,
GCm-1 and GCm are controlled in different manners.

Each of the underlying gate connecting lines GC5, GC6,
GCm-1 and GCm has an oxide film 1 formed by oxidizing its
surface. A first protective film 2, for the purpose of providing
an electrical insulation between the underlying gate connect-
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ing lines GC5, GC6, GCm~1 and GCm and the overlying gate
connecting lines GC1, GC2, GC3 and GC4, is formed on the
oxide film 1. A second protective film 4 is formed on the
overlying gate connecting lines GC1, GC2, GC3 and GC4.
The protection of the gate connecting lines GC and the insu-
lation thereof from other interconnection lines can be realized
by the second protective film 4.

The pixel area AR of the panel PNL has the first gate line
GW1 and the second gate line GW2, and the first gate con-
necting line GC1, which electrically connects the gate line
GW1 to the liquid crystal driving circuit GDr, and the second
gate connecting line GC2, which electrically connects the
gate line GW2 to the liquid crystal driving circuit GDr, are
disposed in the peripheral area AP. The first gate connecting
line GC1 and the second gate connecting line GC2 are stacked
in the thickness direction of the panel PNL, whereby the pixel
area AR can be made narrow and the pixel area AR can be
made large.

In addition, the width of each of the gate connecting lines
GC can be made thick, whereby the disconnection of any of
the gate connecting lines GC can be restrained. Furthermore,
the distance between each of the gate lines GW can be made
long, whereby the short-circuiting between the gate lines GW
can be restrained.

FIG. 4 is a cross-sectional view taken along line I-1 of FIG.
1.

The gate connecting Fine GC3 is formed on an amorphous
silicon layer 3 that is formed on the first protective film 2. The
gate connecting line GC3 overlaps part of the gate line GW3
and is electrically connected to the gate line GW3. The gate
line GW3 has an oxide film 1 on its surface, but does not have
an oxide film in the portion of the gate line GW3 that is
connected to the gate connecting line GC3. In this construc-
tion, the gate line GW3 and the gate connecting line GC3 are
electrically connected to each other.

FIG. 5 is a cross-sectional view showing another example
of the construction of the gate connecting lines GC, taken
along line I-1 of FIG. 1. In FIG. 5, the overlying gate connect-
ing lines GC1 to GC4 and the underlying gate connecting
lines GC5 to GCm are disposed so as to be shifted from one
another.

As shown in FIG. 5, each of the overlying gate connecting
lines GC1 to GC4 is formed above the interspace between a
respective pair of theunderlying gate connecting lines GC5 to
GCm, whereby it is possible to reduce the added capacitance
which is applied between each of the overlying gate connect-
ing lines GC1 to GC4 and a respective one of the underlying
gate connecting lines GC5 to GCm. Accordingly, itis possible
to reduce the influence of waveform rounding and noise on
the image quality.

FIG. 6 is a schematic diagram of the substrate of a liquid
crystal display device having another structure according to
the invention.

The gate connecting lines GC shown in FIG. 6 are arranged
so that two adjacent gate connecting lines, which are con-
nected to each pair of gate lines that are adjacent to each other,
are disposed in a vertically stacked manner. According to this
structure, it is possible to reduce the number of crossings of
the gate connecting lines GC near the gate driver GDr.

FIG. 7 is a cross-sectional view taken along line III-III of
FIG. 6. The gate connecting line GC1 adjacent to the gate
connecting line GC2 is disposed over the gate connecting line
GC2. The underlying gate connecting line GC2 has an oxide
film 1 on its surface, and the top surface of the oxide film 1 is
covered with the first protective film 2. The amorphous sili-
con layer 3 is formed on the first protective film 2. The
underlying gate connecting lines GC and the overlying gate
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connecting lines GC are positively insulated from each other
by the first protective film 2 and the amorphous silicon layer
3.

FIG. 8 is a schematic diagram of substrates of a liquid
crystal display device unit in which two separate liquid crys-
tal display devices are driven by one drain driver.

The liquid crystal display device unit has a construction in
which one gate driver and one drain driver drive two liquid
crystal display devices, i.e., the first liquid crystal display
device and the second liquid crystal display device. The first
liquid crystal display device and the second liquid crystal
display device have a first pixel area AR1 and a second pixel
area AR2, respectively.

The first liquid crystal display device has a liquid crystal
layer between a first substrate PNL1 and a second substrate
PNL2, and the second liquid crystal display device has a
liquid crystal layer between a third substrate PNL3 and a
fourth substrate PNL4. Elements, such as gate lines, drain
lines, gate connecting lines, drain connecting lines, switching
elements and pixel electrodes, are formed on the first sub-
strate PNL1 and the third substrate PNL3 of the substrates
PNL1 to PNLA4.

The gate driver GDr and the drain driver DDr are disposed
in the first short side area DA1 of the first substrate PNL1.
Flexible-printed-circuit-board connecting pads FPAD for
connection to a flexible printed circuit board FPC are formed
in an area DA2 of the peripheral area of the first substrate
PNL1 on the other short side thereof (hereinafter referred to
as the second short side area DA2).

One end of the flexible printed circuit board FPC is con-
nected to the flexible-printed-circuit-board connecting pads
FPAD of the first substrate PNL1, while the other end of the
flexible printed circuit board FPC is connected to the flexible-
printed-circuit-board connecting pads FPAD of'the third sub-
strate PNL3.

Gate connecting lines GMC and the drain connecting lines
DC are connected to the flexible-printed-circuit-board con-
necting pads FPAD of the first substrate PNL1. The gate
connecting lines GMC and the drain connecting lines DC are
respectively connected to the gate lines and the drain lines of
the third substrate PNL3 via the flexible printed circuit board
FPC.

The gate connecting lines GMC for the second liquid crys-
tal display device are connected to the gate driver GDr by an
arbitrary number of lines (k lines). The gate connecting lines
GMC for the second liquid crystal display device are disposed
to overlie the gate connecting lines GC so that an arbitrary
number of the gate connecting lines GMC are juxtaposed in
ascending order from the first gate connecting line GC1, that
is connected to the most distant gate line GW1 from the gate
driver GDr. According to this construction, the number of
crossings of the gate connecting lines GMC for the second
liquid crystal display device and the gate lines GW 1is
decreased, whereby the disconnection of the gate lines GW
can be prevented.

The gate connecting lines GMC1 and GMCk for the sec-
ond liquid crystal display device are respectively connected
to gate lines GMW1 and GMk of the third substrate PNL3 via
the flexible printed circuit board FPC.

FIG. 9 is a cross-sectional view of the first substrate PNL1,
taken along line IV-IV of FIG. 8.

The gate connecting line GMC1, which is connected to the
gate line GMW1 formed on the third substrate PNL3, is
disposed to overlie the first gate connecting line GC1, which
is connected to the gate line GW1 formed on the first substrate
PNLI1. The gate connecting line GMCk, which is connected
to the gate line GM Wk formed on the third substrate PNL3, is
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disposed to overlie the first gate connecting line GCk, which
1s connected to the gate line GWk formed on the first substrate
PNL1.

Each of'the gate connecting lines GC has an oxide film 1 on
its surface, and the oxide film 1 is covered with the first
protective film 2. The amorphous silicon layer 3 is formed on
the first protective film 2. The underlying gate connecting
lines GC and the overlying gate connecting lines GMC are
positively insulated from each other by the first protective
film 2 and the amorphous silicon layer 3.

A second embodiment of the invention will be described
below.

FIG. 10 is a diagram of a glass plate GL including a sub-
strate of a liquid crystal display device according to the sec-
ond embodiment of the invention. The panel PNL is cut from
the glass plate GL on which thin film transistors and periph-
eral interconnection lines are formed. The gate lines GW are
connected to a gate common line GCOM that is disposed
outside of the panel PNL. A voltage is supplied from the gate
commor line GCOM to form the oxide film 1 on the surface
of each of the gate lines GW (anodic oxidation).

In order to enable static electricity to escape during the
manufacturing process, the drain lines DW extend to the
second short side area DA2 opposed to the first short side area
DAL in which the drain driver DDr is disposed, and they are
electrically connected to a drain common line DCOM beyond
a short side of the panel PNL.

The charge-holding lines SW are electrically connected to
the gate common line GCOM, which is disposed outside of
the panel PNL. The charge-holding lines SW extend to the
gate common line GCOM from the same side as the gate lines
GW. A voltage is supplied from the gate common line GCOM
to oxidize the surface of each of the gate lines GW. The gate
lines GW and the charge-holding lines SW are disposed in
parallel to one another, and the common line VCL is disposed
to cross the gate lines GW and the charge-holding lines SW at
right angles.

FIG. 11 is a cross-sectional view taken along line V-V of
FIG. 10. The gate lines GW4 and GW5 and charge-holding
lines SW4 and SWS5 are formed on the panel PNL. The gate
lines GW4 and GW5 and the charge-holding lines SW4 and
SWS5 are formed of aluminum. The surfacelayer of aluminum
is oxidized. In addition, the protective film 4 is formed to
cover the gate lines GW4 and GW5 and the charge-holding
lines SW4 and SW5. The protective film 4 is formed to protect
the lines GW4, GW5, SW4 and SWS5 and to insulate the lines
GW4, GW5, SW4 and SW5 from one another.

FIG. 12 is a cross-sectional view taken along line VI-VI of
FIG. 10. The gate lines GW (GW4 and GW5) and the charge-
holding lines SW (SW4 and SW5) are formed on the substrate
PNL. The gate lines GW4 and GW5 and the charge-holding
lines SW4 and SWS5 are formed of aluminum.

Each of the gate lines GW (GW4 and GW5) has an oxi-
dized surfacelayer. The first protective film 2 is stacked on the
gate lines GW (GW4 and GW5), each having the oxidized
surface layer. The amorphous silicon layer 3 is stacked on the
first protective film 2.

The charge-holding lines SW (SW4 and SW5) are formed
at the same level as the gate lines GW (GW4 and GW5), and
an oxide layer does not overlie the portion of any of the
charge-holding lines SW (SW4 and SW5) that is connected to
the common line VCL. During anodic oxidation, the portion
of each of the charge-holding lines SW (SW4 and SW5) that
is connected to the common line VCL is covered with a resist
so that the oxidation of the connection portion is prevented.
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Holes are formed in the first protective film 2 and the
amorphous silicon layer 3 formed on the charge-holding lines
SW (SW4 and SW5).

The common line VCL is formed on the amorphous silicon
layer 3. Since the first protective film 2 and the amorphous
silicon layer 3 overlie the gate lines GW (GW4 and GW5), the
gate lines GW (GW4 and GW5) are insulated from the com-
mon line VCL. The holes are formed in the first protective
film 2 and the amorphous silicon layer 3 that is formed on the
charge-holding lines SW (SW4 and SW5), thereby providing
electrical connection between the common line VCL and the
charge-holding lines SW (SW4 and SW5).

The second protective film 4 is formed on the common line
VCL in order to protect the common line VCL and insulate
the common line VCL from other lines.

In the structure shown in FIG. 12, the gate lines GW (GW4
and GW5) and the charge-holding lines SW (SW4 and SW5)
are electrically connected to the gate common line GCOM for
anodic oxidation, whereby an oxide layer can be formed on
each of the gate lines GW (GW4 and GW5) and the charge-
holding lines SW (SW4 and SW5), and the charge-holding
lines SW (SW4 and SW5) can be connected to the common
line VCL.

When the glass plate GL is cut along the external shape of
the panel PNL, the gate lines GW are divided into individual
gate lines.

Since the gate lines GW and the charge-holding lines SW
that are connected to the gate common line GCOM for anodic
oxidation are disposed on the same side as the common line
VCL, lines which have heretofore been disposed under the
gate driver GDr and connected to the gate common line
GCOM in the related art become unnecessary.

FIG. 13 is a diagram of interconnection lines provided on
and at the periphery of the panel PNL of the liquid crystal
display device. A cross-section of the structure within the
circled area T in FIG. 13 is shown in FIG. 12.

The common line VCL extends in parallel with the gate
lines GW.

In the liquid crystal display device shown in FIG. 13, the
gate lines GW and the charge-holding lines SW are connected
to the gate common line GCOM in the second short side area
DAZ2, opposite to the first short side area DA1 in which the
gate driver GDr is disposed.

In addition, in the liquid crystal display device shown in
FIG. 13, since the drain lines DW, that are connected to the
drain common line DCOM and the gate lines GW, and the
charge-holding lines SW, that are connected to the gate com-
mon line GCOM, are disposed on only one side, troubles due
to static electricity can be reduced. Specifically, it is possible
to reduce troubles, such as the generation of static electricity,
which tends to cause variations in the thresholds of individual
TFTs and cause non-uniformity in the display. In addition, it
is possible to reduce disconnection due to electrolytic corro-
sion.

The gate lines GW and the charge-holding lines SW, con-
nected to the gate common line GCOM, are disposed to
extend toward the gate common line GCOM on a side except
the side where the gate driver GDr is mounted.

According to the second embodiment, since the gate lines
GW and the charge-holding lines SW, which are connected to
the gate common line GCOM, are disposed on the side except
the side where the gate driver GDr is mounted, lines which
have heretofore been disposed under the gate driver GDr and
connected to the gate common line GCOM become unneces-
sary. Accordingly, the gate driver GDr can have terminals
disposed on all sides, and it can be reduced in size.
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Each of the charge-holding lines SW has an oxide film in
the display area AR, This is because, since the charge-holding
lines SW cross the drain lines DW at right angles, similar to
the gate lines GW crossing the drain lines DW at right angles,
the charge-holding lines SW need to have the same structure
as the gate lines GW. Short-circuiting of the charge-holding
lines SW can be restrained by the oxide film formed as an
insulating layer.

The common line VCL is provided to feed a common
voltage to the common electrodes and to apply a constant
voltage to the charge-holding lines SW. If the resistance of the
common line VCL with respect to the charge-holding lines
SW greatly differs between the top and the bottom of the
screen of the panel PNL, a voltage drop will occur, resulting
in luminance irregularity. Accordingly, the common line VCL
is made thick to reduce the difference in the resistance of the
common line VCL with respect to the charge-holding lines
SW between the top and the bottom of the screen.

FIG. 14 is a diagram showing the interconnection lines
provided on and at the periphery of the panel PNL of the
liquid crystal display device. A cross-section of the structure
within each of the circled areas T and U in FIG. 14 is shown
in FIG. 12.

The gate lines GW and the charge-holding lines SW which
are connected to the gate common line GCOM are disposed to
extend to the gate common line GCOM in the first short side
area DA1, where the gate driver GDr is mounted, and in the
second short side area DA2. In the liquid crystal display
device shown in FIG. 14, half of the lines GW and SW
connected to the gate common line GCOM, which half is
closer to the gate driver GDr, extend to the gate common line
GCOM in the first short side area DA1 where the gate driver
GDr 1s mounted. On the other hand, the half of the lines GW
and SW that are connected to the gate common line GCOM,
which halfis more distant from the gate driver GDr, extend to
the gate common line GCOM in the second short side area
DA2. According to the structure shown in FIG. 14, the second
long side area GA2 can be made narrow.

FIG. 15 is a diagram showing the layout of interconnection
lines in the case where the gate driver GDr and the draindriver
DDr are formed on one chip. FIG. 15 shows interconnection
lines inside the panel PNL, as well as interconnection lines
outside the panel PNL which are being manufactured.

The gate connecting lines GC are connected to the right and
left sides of a driver Dr. The half of the gate lines GW that are
more distant from the driver Dr extend in parallel with the
gate lines GW and are connected to the gate common line
GCOM, i.e., they pass through the first long side area GA1
and are connected to the gate common line GCOM. The gate
connecting lines GC that are connected to the half of the gate
lines GW that are closer to the driver Dr extend into a portion
under the driver Dr and are connected to the gate common line
GCOM.

According to the structure shown in F1G. 15, the number of
interconnection lines passing through the portion under the
driver Dr can be reduced.

A third embodiment of the invention will be described
below.

FIG. 16 is a schematic enlarged view of part of the inter-
connection lines of the panel PNL in which the driver Dr is
disposed. The gate driver GDr and the drain driver DDr are
mounted on the panel PNL by a flip chip attachment scheme.

Drain connecting lines DCla and DC2a are respectively
connected to terminals that are disposed on the short side of
the drain driver DDr that is closer to the gate driver GDr. The
drain connecting line DCla is connected to the terminal that
is disposed at the closest position to the short side of the panel
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PNL, while the drain connecting line DC2a is connected to
the terminal disposed at the closest position to the pixel area
AR. These drain connecting lines DCla and DC2a are dis-
posed so as to avoid the gate driver GDr.

The drain connecting line DCla is at an angle 62 with
respect to the pixel area AR in the vicinity of the pixel area
AR. Namely, the drain connecting line DC1a is at the angle 62
with respect to a line parallel to the gate lines GW in the
vicinity of the pixel area AR. In addition, the drain connecting
line DCla is at an angle 63 with a line parallel to the gate lines
GW in the vicinity of the drain driver DDr.

The drain connecting line DC3a is connected to a terminal
which is disposed at the closest position to the gate driver
GDr, of all the terminals provided on a long side of the drain
driver DDr. The drain connecting line DC3a is at an angle 64
with respect to the line parallel to the gate lines GW. The
relationship between the angle 62 and the angle 63 is 62<63.
According to this construction, the peripheral area AP can be
made narrow.

FIG. 17 is a schematic enlarged view of part of the inter-
connection lines of the panel PNL in which the driver Dr is
disposed.

The drain connecting lines DC, which are respectively
electrically connected to terminals disposed on the short side
of the drain driver DDr that is closer to the gate driver GDr
pass through a portion under the gate driver GDr, and are
electrically connected to the drain lines DW.

Drain connecting lines DC1b and DC2b are respectively
connected to the terminals disposed on the short side of the
drain driver DDr that is closer to the gate driver GDr. The
drain connecting line DC15 is connected to the terminal that
is disposed at the closest position to the short side of the panel
PNL, while the drain connecting line DC2b is connected to
the terminal that is disposed at the closest position to the pixel
area AR.

InFIG. 17, the drain connecting line DC15is at an angle 65
with respect to a line parallel to the gate lines GW in the
vicinity of the pixel area AR. The drain connecting lines
DC1b and DC2b, which are connected to the short side of the
drain driver DDr that is closer to the gate driver GDr, are
disposed so as to be partly parallel to the gate lines GW. These
drain connecting lines DC15 and DC2b pass through a por-
tion under the gate driver GDr.

The drain connecting line DC3 is connected to a terminal
which is disposed at the closest position to the gate driver
GDr, of all the terminals provided on a long side of the drain
driver DDr. The drain connecting line DC35 is at an angle 66
with respect to the line parallel to the gate lines GW.

These drain connecting lines DC16 and DC264 pass through
the portion under the gate driver GDr. Accordingly, the angle
05 between each of the drain connecting lines DC15 and
DC2b and the pixel area AR can be increased. Therefore, the
distance between each adjacent one of the drain connecting
lines DC can be made larger whereby the short-circuiting
between the drain lines DW can be reduced. The angle 65
shown in FIG. 17 can be made larger than the angle 04 shown
in FIG. 16.

According to this construction, the peripheral area AP can
be made narrow, and the short-circuiting between the drain
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The third embodiment may also be applied to a liquid
crystal display device of the type in which the gate driver GDr
and the drain driver DDr are mounted on the panel PNL as two
independent drivers according to the other embodiments.

FIG. 18 s a top plan view of the gate driver GDrin F1G. 17,
showing the layout of terminals.
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The gate driver GDr is rectangular, and terminals 8 are
provided on each of the sides of the gate driver GDr. A first
output terminal group GOUT1 is disposed on one of the short
sides of the gate driver GDr, while a second area 6, through
which the drain connecting lines DC can pass, and a gate
signal terminal group G2 are disposed on the other short side.
The short side where the second area 6 and the gate signal
terminal group G2 are disposed is the short side closer to the
drain driver DDr.

A second output terminal group GOUT2 and a first area 5
through which the drain connecting lines DC can pass are
disposed on one of the long sides of the gate driver GDr,
particularly on the long side closer to the pixel area AR. A
third area 7, through which lines pass for anodic oxidation of
the gate lines GW, and an input/output terminal group G1 of
the gate driver GDr are disposed on the other long side of the
gate driver GDr.

The terminals 8 provided in the first area 5 and the second
area 6 are dummy terminals, and the drain lines DW may also
be disposed under the first area 5 and the second area 6, so that
electrical interference between the internal circuit of the gate
driver GDr and the drain lines DW can be prevented.

According to the above-described construction, it is pos-
sible to reduce the peripheral area AP surrounding the pixel
area AR.

FIG. 19 is a plan view of the third embodiment, showing
the layout of the drain connecting lines DC.

Part of the drain connecting lines DC that are electrically
connected to the short side of the drain driver DDr that is
closer to the gate driver GDr pass through a portion under the
gate driver GDr and are electrically connected to the drain
lines DW. Two of the drain connecting lines DC shown in
FIG. 19, i.e., a drain connecting line DC c¢ positioned on the
outermost side and a drain connecting lines DC2¢ adjacent to
the drain connecting line DCle¢, pass through a portion
between dummy terminals and are connected to the drain
lines DW.

According to the above-described construction, it is pos-
sible to reduce the peripheral area AP of the panel PNL that
surrounds the pixel area AR.

The invention claimed is:

1. A liquid crystal display device comprising a pixel area
for performing display and a peripheral area present in the
periphery of the pixel area, on a substrate, wherein:

the pixel area is formed with m gate lines arranged in

parallel in one direction and a plurality of drain lines
arranged to intersect the m gate lines,

the m gate lines include a plurality of first gate lines and a

plurality of second gate lines,

the plurality of first gate lines are first to kth gate lines

which are arranged in order among the m gate lines
arranged in parallel in one direction,

the plurality of second gate lines are (k+1)th to mth gate

lines which are arranged in order among the m gate lines
arranged in parallel in one direction,

the peripheral area includes a plurality of first gate con-

necting lines connected correspondingly to the respec-
tive plurality of first to kth first gate lines and a plurality
of second gate connecting lines connected correspond-
ingly to the respective plurality of (k+1)th to mth second
gate lines,

the plurality of first gate connecting lines are formed in a

first layer, and

the plurality of second gate connecting lines are formed in

a second layer different from the first layer.

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

wherein the plurality of first gate connecting lines connected
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to the first, second . . ., and kth first gate lines are sequentially
overlapped with the respective plurality of second gate con-
necting lines connected to the (k+1)th, (k+2)th, . . ., and mth
second gate lines in a plan view.

3. The liquid crystal display device according to claim 1,
wherein one of the first gate connecting lines is disposed
between the two second gate connecting lines which are
adjacent one another when viewed in plan view.

4. The liquid crystal display device according to claim 1,
wherein the first gate connecting lines are positioned at a
higher level than are the second gate connecting lines within
the substrate.

5. The liquid crystal display device according to claim 1,
wherein the pixel area has a rectangular shape,

adrive circuit which controls the scanning of the pixel area

is disposed only in an area on one side of the pixel area
in the peripheral area, and
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the plurality of first gate connecting lines and the plurality
of second gate connecting lines are formed so as to be
routed from the drive circuit in the peripheral area to an
area on another side different from the one side in the
peripheral area.

6. The liquid crystal display device according to claim 1,
wherein the pixel area has a first pixel area and a second pixel
area,

the plurality of the first gate lines are formed in the first
pixel area, and

the plurality of second gate lines are formed in the second
pixel area.
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