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FIG. 5 
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LIQUID CRYSTAL DISPLAY DEVICE 

[0001] This application is a Continuation application of 
Application No. 10/618,748, ?led Jul. 15, 2003, Which 
claims priority from Japanese patent application JP 2002 
207691, ?led on Jul. 17, 2002, the contents of Which are 
incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 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. 

[0003] Liquid crystal display devices are used in television 
sets, personal computers, and as displays for mobile termi 
nals. An active matrix type of liquid crystal display device 
has transparent substrates disposed in opposition to each 
other With a liquid crystal interposed therebetWeen. 

[0004] 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 sur 
face 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) direc 
tion, and drain (source) lines DW, Which are disposed to 
extend in the y direction and to be juxtaposed in the x 
direction. 

[0005] 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 element is turned on by a scanning signal supplied 
from the corresponding one of the gate lines GW, and the 
pixel electrode is supplied With a video signal from the 
corresponding one of the drain lines DW via the sWitching 
element. The areas that are de?ned by the gate lines GW and 
the drain lines DW constitute a pixel area AR. 

[0006] 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 decreasing 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. 

[0007] The gate lines GW and the drain lines DW are 
electrically connected to a gate driver and a drain driver via 
gate connecting 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 GC or the drain connecting lines DC 
becomes shorter because of the narroWing of the peripheral 
area, resulting in the problem 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. 
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[0008] Furthermore, as the peripheral area becomes nar 
roWer, an area in Which the drivers are disposed becomes 
smaller. A gate driver GDr has gate signal output terminals 
on a long side closer to the pixel area AR. The gate 
connecting lines GC pass through a portion under the gate 
driver GDr and 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 

[0009] 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) direction, and a plurality of drain (source) 
lines that are disposed to extend in the y direction and to be 
juxtaposed in the x direction. This substrate has a peripheral 
area Which surrounds a pixel area formed by the plurality of 
gate lines and the plurality of drain lines. 

[0010] The plurality of gate lines are connected to a 
plurality of gate connecting lines formed in the peripheral 
area. The plurality 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. 

[0011] According to this construction, it is possible to 
provide a liquid crystal display device having a reduced 
peripheral area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of a substrate of a 
liquid crystal display device according to the invention; 

[0013] FIG. 2 is a diagram of the layout of drain connect 
ing lines according to the invention; 

[0014] FIG. 3 is a cross-sectional vieW of the display 
device, taken along line I-I of FIG. 1; 

[0015] FIG. 4 is a cross-sectional vieW of the display 
device, taken along line II-II of FIG. 1; 

[0016] 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; 

[0017] FIG. 6 is a schematic diagram of a substrate of a 
liquid crystal display device having another structure 
according to the invention; 

[0018] FIG. 7 is a cross-sectional vieW of the display 
device, taken along line III-III of FIG. 6; 

[0019] 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; 

[0020] 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; 
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[0021] FIG. 10 is a schematic diagram ofa substrate of a 
liquid crystal display device according to a second embodi 
ment of the invention; 

[0022] FIG. 11 is a cross-sectional vieW of the display 
device, taken along line V-V of FIG. 10; 

[0023] FIG. 12 is a cross-sectional vieW of the display 
device, taken along line VI-VI of FIG. 10; 

[0024] FIG. 13 is a schematic diagram shoWing intercon 
nection lines provided on and at the periphery of the 
substrate of the liquid crystal display device according to the 
invention; 

[0025] FIG. 14 is a schematic diagram shoWing intercon 
nection lines provided on and at the periphery of the 
substrate of the liquid crystal display device according to the 
invention; 

[0026] FIG. 15 is a schematic diagram ofa substrate of a 
liquid crystal display device having another construction 
according to the invention; 

[0027] FIG. 16 is a schematic enlarged diagram of the 
liquid crystal display device of the invention in Which a 
driver is disposed; 

[0028] FIG. 17 is a schematic enlarged diagram of the 
liquid crystal display device of the invention, in Which the 
driver DR is disposed; 

[0029] FIG. 18 is a top plan vieW of the gate driver shoWn 
in FIG. 17; 

[0030] FIG. 19 is a plan vieW shoWing the layout of the 
drain connecting lines DC; and 

[0031] 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 

[0032] A ?rst embodiment of the invention Will be 
described beloW With reference to the accompanying draW 
ings. 

[0033] In each of the embodiments, parts and portions 
having the same functions are denoted by the same reference 
numerals. 

[0034] FIG. 1 is a schematic diagram of a substrate of a 
liquid crystal display device for a mobile terminal, accord 
ing 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 elec 
trodes are formed. The liquid crystal display device shoWn 
in FIG. 1 is an active matrix type of device. 

[0035] The active matrix type of liquid crystal display 
device is provided With polygonal ?rst and second substrates 
disposed in opposition to each other, With a liquid crystal 
layer being disposed betWeen the ?rst 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. 
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[0036] A liquid-crystal-side surface of the ?rst 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 (longitudinal) 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. 

[0037] 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 corresponding 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 ?lm 
transistor. 

[0038] A gate driver GDr and a drain driver DDr are 
mounted on a panel PNL along one short side thereof by a 
?ip chip attachment scheme. The gate driver GDr is con 
nected to the gate lines GW, While the drain driver DDr is 
connected to the drain lines DW. 

[0039] 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 control 
ling 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 GWS 
adjacent to the gate line GW4 and positioned on a side closer 
to the gate driver GDr, a gate line GW6 adjacent to the gate 
line GWS, 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, 
GWS, GW6, GWm-1 and GWm are respectively electri 
cally 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. 

[0040] 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. 

[0041] The panel PNL shoWn in FIG. 1 is a rectangular 
substrate having short sides and long sides. In the peripheral 
area 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 ?rst long side area GA1). 
Charge-holding lines SW and a common line VCL are 
disposed in an area GA2 along the other of the long sides 
(hereinafter referred to as the second long side area GA2) in 
the peripheral area AP. The common lines VCL are electri 
cally connected to the common electrodes that are disposed 
in opposition to the ?rst substrate PNL1 via a common line 
connecting terminal VCP. 

[0042] In the peripheral area AP, IC chips for driving the 
liquid crystal display device are ?xed in an area DA1 along 
one of the short sides (hereinafter referred to as the ?rst short 
side area DA1). 
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[0043] 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 ?rst short side area DA1. The drain 
lines DW and the drain driver DDr are interconnected by 
drain connecting lines DC. 

[0044] FIG. 2 is a diagram shoWing the layout of the drain 
connecting lines DC in the peripheral area AP on the side 
Where the drain driver DDr is disposed. A ?rst drain con 
necting line DC1 positioned on the leftmost side and a 
second drain connecting line DC2 adjacent to the ?rst drain 
connecting line DC1 are spaced apart from each other by a 
distance DP. Since the ?rst 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 occur 
ring in any of the drain connecting lines DC over the entire 
length thereof. 

[0045] The interconnection resistances of the respective 
drain connecting lines DC are made uniform from a drain 
connecting 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. 

[0046] As the di?cerence in length betWeen each of the 
drain connecting 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 
01><P, 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 01. 
Since the drain driver DDr is disposed in the central portion 
of the ?rst short side area DA1, the distance DP can be 
maximiZed. 

[0047] 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 
construction, the drain driver DDr needs only to be mounted 
on one side of the ?rst substrate PNL1, and the peripheral 
area AP of the ?rst substrate PNL1 can be made small on the 
other side on Which no drivers are disposed. 

[0048] 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 connecting lines GC are connected to terminals pro 
vided on the long and short sides of the gate driver GDr that 
are exposed to the display area AR. 

[0049] 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 01 of the drain connecting lines DC, With 
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respect to the Y axis, can be increased, Whereby the yield 
factor of manufacture can be improved. 

[0050] 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 ?rst 
long side area GA1, 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. 

[0051] In the ?rst short side area DA1, the gate connecting 
line GC5 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. 

[0052] FIG. 3 is a cross-sectional vieW taken along line I-I 
of FIG. 1. 

[0053] 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 connecting lines GC of the pixel area AR. 

[0054] 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 under 
lying 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. 

[0055] The overlying gate connecting lines GC1, GC2, 
GC3 and GC4 and the underlying gate connecting lines 
GC5, GC6, GCm-1 and GCm are controlled in di?cerent 
manners. 

[0056] Each of the underlying gate connecting lines GC5, 
GC6, GCm-1 and GCm has an oxide ?lm 1 formed by 
oxidizing its surface. A ?rst protective ?lm 2, for the purpose 
of providing an electrical insulation betWeen the underlying 
gate connecting lines GC5, GC6, GCm-1 and GCm and the 
overlying gate connecting lines GC1, GC2, GC3 and GC4, 
is formed on the oxide ?lm 1. A second protective ?lm 4 is 
formed on the overlying gate connecting lines GC1, GC2, 
GC3 and GC4. The protection of the gate connecting lines 
GC and the insulation thereof from other interconnection 
lines can be realiZed by the second protective ?lm 4. 

[0057] The pixel area AR of the panel PNL has the ?rst 
gate line GW1 and the second gate line GW2, and the ?rst 
gate connecting 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 
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circuit GDr, are disposed in the peripheral area AP. The ?rst 
gate connecting line GCl 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. 

[0058] In addition, the Width of each of the gate connect 
ing 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. 

[0059] FIG. 4 is a cross-sectional vieW taken along line I-I 
of FIG. 1. 

[0060] The gate connecting line GC3 is formed on an 
amorphous silicon layer 3 that is formed on the ?rst pro 
tective ?lm 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 ?lm 1 on its 
surface, but does not have an oxide ?lm in the portion of the 
gate line GW3 that is connected to the gate connecting line 
GC3. In this construction, the gate line GW3 and the gate 
connecting line GC3 are electrically connected to each other. 

[0061] FIG. 5 is a cross-sectional vieW shoWing another 
example of the construction of the gate connecting lines GC, 
taken along line I-I of FIG. 1. In FIG. 5, the overlying gate 
connecting lines GCl to GC4 and the underlying gate 
connecting lines GC5 to GCm are disposed so as to be 
shifted from one another. 

[0062] As shoWn in FIG. 5, each of the overlying gate 
connecting lines GCl to GC4 is formed above the interspace 
betWeen a respective pair of the underlying gate connecting 
lines GC5 to GCm, Whereby it is possible to reduce the 
added capacitance Which is applied betWeen each of the 
overlying gate connecting lines GCl to GC4 and a respec 
tive one of the underlying gate connecting lines GC5 to 
GCm. Accordingly, it is possible to reduce the in?uence of 
Waveform rounding and noise on the image quality. 

[0063] FIG. 6 is a schematic diagram of the substrate of a 
liquid crystal display device having another structure 
according to the invention. 

[0064] The gate connecting lines GC shoWn in FIG. 6 are 
arranged so that tWo adjacent gate connecting lines, Which 
are connected 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. 

[0065] FIG. 7 is a cross-sectional vieW taken along line 
III-III of FIG. 6. The gate connecting line GCl adjacent to 
the gate connecting line GC2 is disposed over the gate 
connecting line GC2. The underlying gate connecting line 
GC2 has an oxide ?lm 1 on its surface, and the top surface 
of the oxide ?lm 1 is covered With the ?rst protective ?lm 
2. The amorphous silicon layer 3 is formed on the ?rst 
protective ?lm 2. The underlying gate connecting lines GC 
and the overlying gate connecting lines GC are positively 
insulated from each other by the ?rst protective ?lm 2 and 
the amorphous silicon layer 3. 

[0066] FIG. 8 is a schematic diagram of substrates of a 
liquid crystal display device unit in Which tWo separate 
liquid crystal display devices are driven by one drain driver. 
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[0067] The liquid crystal display device unit has a con 
struction in Which one gate driver and one drain driver drive 
tWo liquid crystal display devices, i.e., the ?rst liquid crystal 
display device and the second liquid crystal display device. 
The ?rst liquid crystal display device and the second liquid 
crystal display device have a ?rst pixel area ARl and a 
second pixel area AR2, respectively. 

[0068] The ?rst liquid crystal display device has a liquid 
crystal layer betWeen a ?rst substrate PNLl 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, sWitch 
ing elements and pixel electrodes, are formed on the ?rst 
substrate PNLl and the third substrate PNL3 of the sub 
strates PNLl to PNL4. 

[0069] The gate driver GDr and the drain driver DDr are 
disposed in the ?rst short side area DA1 of the ?rst substrate 
PNLl. Flexible-printed-circuit-board connecting pads 
FPAD for connection to a ?exible printed circuit board FPC 
are formed in an area DA2 of the peripheral area of the ?rst 
substrate PNLl on the other short side thereof (hereinafter 
referred to as the second short side area DA2). 

[0070] One end of the ?exible printed circuit board FPC is 
connected to the ?exible-printed-circuit-board connecting 
pads FPAD of the ?rst substrate PNLl, While the other end 
of the ?exible printed circuit board FPC is connected to the 
?exible-printed-circuit-board connecting pads FPAD of the 
third substrate PNL3. 

[0071] Gate connecting lines GMC and the drain connect 
ing lines DC are connected to the ?exible-printed-circuit 
board connecting pads FPAD of the ?rst substrate PNLl. 
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 ?exible 
printed circuit board FPC. 

[0072] The gate connecting lines GMC for the second 
liquid crystal 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 ?rst gate 
connecting line GCl, that is connected to the most distant 
gate line GWl 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 is decreased, Whereby the disconnection 
of the gate lines GW can be prevented. 

[0073] The gate connecting lines GMCl and GMCk for 
the second liquid crystal display device are respectively 
connected to gate lines GMWl and GMk of the third 
substrate PNL3 via the ?exible printed circuit board FPC. 

[0074] FIG. 9 is a cross-sectional vieW of the ?rst substrate 
PNLl, taken along line IV-IV of FIG. 8. 

[0075] The gate connecting line GMCl, Which is con 
nected to the gate line GMWl formed on the third substrate 
PNL3, is disposed to overlie the ?rst gate connecting line 
GCl, Which is connected to the gate line GWl formed on the 
?rst substrate PNLl. The gate connecting line GMCk, Which 










