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(57) ABSTRACT

The present invention provides a liquid crystal display
device which can obviate cutting off of a peripheral region
of the liquid crystal display device which is provided with an
inspection circuit and can surely perform the inspection of
an image display even when the peripheral region is nar-
rowed. On a substrate of the liquid crystal display device, a
pixel region which is comprised of a plurality of gate lines
and a plurality of drain lines and a peripheral region which
surrounds the pixel region are formed. A turn-on inspection
terminal of the liquid crystal display device are formed on
the peripheral region and a semiconductor chip for driving
liquid crystal is formed on the inspection terminal. The
semiconductor chip is electrically insulated from the inspec-
tion terminal.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which narrows a peripheral region surround-
ing an image display region.

[0002] As an image display device, a liquid crystal display
device has been known. Particularly, a liquid crystal display
device which uses thin film transistors can display images of
high definition and hence, such a liquid crystal display
device is used as an image display device of a television set,
a display for a personal computer or an image display device
of a portable terminal.

[0003] Recently, with respect to the image display device,
while an outer frame is miniaturized, an image display
region is enlarged to improve the recognition performance
of information. Further, due to the demand for higher
definition of display images, the number of pixels is
increased and, at the same time, the numbers of gate lines
and the drain lines are also increased.

[0004] FIG. 5 is a wiring diagram of a transparent sub-
strate and a periphery thereof of a conventional liquid crystal
display device.

[0005] The liquid crystal display device is configured by
arranging two sheets of transparent substrates such that they
face each other in an opposed manner while inserting a
liquid crystal layer therebetween. On a liquid-crystal-side
surface of the first transparent substrate PNL1, a plurality of
gate lines GW which extend in the X direction (lateral
direction) and are arranged in parallel in the Y direction
(longitudinal direction) and a plurality of drain lines (or
source lines) DW which are insulated from the gate lines
GW, extend in the Y direction and are arranged in parallel in
the X direction are provided. Counter electrodes and color
filters are formed on the second transparent substrate.

[0006] In a region surrounded by two neighboring gate
lines GW and two neighboring drain lines DW, a switching
element which is turned on in response to a scanning signal
from the gate line and a pixel electrode to which a video
signal is supplied from the drain line through the switching
element are formed thus constituting a pixel. A region in
which a plurality of these pixels are formed constitutes a
pixel region AR.

[0007] Aperipheral region PAis provided around the pixel
region AR. In the peripheral region PA, a drain drive circuit,
a gate drive circuit, and lines which connect these drive
circuits to gate lines and the drain lines in the pixel region
are formed.

[0008] The liquid crystal display device for a portable
terminal has a narrow peripheral region. Circuit chips for
driving liquid crystal (hereinafter referred to as “drivers”)
and lines for connection are arranged in the peripheral
region of the liquid crystal display device.

[0009] Further, the second transparent substrate is formed
smaller than the first transparent substrate. With respect to
the first transparent substrate, in a region which does not
face the second transparent substrate in an opposed manner,
a drain driver DDr and a gate driver GDr are formed.
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[0010] However, the liquid crystal display device which
has enlarged the image display region has the narrow
peripheral region and hence, it is impossible to ensure a
space for mounting inspection terminals for inspecting by
turning on a liquid crystal display element. Further, after
inspection, the inspection terminals are cut off. Accordingly,
the mass productivity of the conventional liquid crystal
display device is low.

[0011] Even when the inspection terminals are not
mounted, it is possible to use connection terminals with the
gate driver for gate lines or connection terminals with the
drain driver for drain lines as inspection terminals. However,
in such a case, the alignment of terminals of an inspection
device and the connection terminal becomes difficult.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present invention,
the liquid crystal display device includes transparent sub-
strates which are arranged to face each other in an opposed
manner by way of liquid crystal. One transparent substrate
includes a plurality of gate lines which extend in the X
direction (lateral direction) and are arranged in parallel in
the Y direction (longitudinal direction) and a plurality of
drain (or source) lines which are insulated from the plurality
of gate lines, extend in the Y direction and are arranged in
parallel in the X direction. Further, this transparent substrate
includes a peripheral region which surrounds a pixel region
formed by the plurality of gate lines and the plurality of
drain lines.

[0013] The first substrate includes the pixel region in
which pixel electrodes are formed and the peripheral region
which surrounds the pixel region, and a turn-on inspection
terminal of the liquid crystal display device are formed on
the peripheral region. Over the inspection terminal, a semi-
conductor chip for driving the liquid crystal is arranged such
that the semiconductor chip is electrically insulated from the
inspection terminal.

[0014] The semiconductor chip is comprised of two semi-
conductor chips consisting of a drain driver and a gate
driver, and the drain driver is arranged over the inspection
terminal.

[0015] The inspection terminal includes a drain-line
inspection terminal and a gate-line inspection terminal.

[0016] According to a second aspect of the present inven-
tion, the liquid crystal display device is a liquid crystal
display device which includes a liquid crystal layer between
a first substrate and a second substrate, wherein the first
substrate includes a pixel region having pixel electrodes and
a peripheral region which surrounds the pixel region, three
drain-line inspection terminals and four gate-line inspection
terminals are arranged in the peripheral region, and a semi-
conductor chip is arranged over the three drain-line inspec-
tion terminals and the four gate-line inspection terminals.

[0017] Further, the drain-line inspection terminals consist
of a drain-line inspection terminal for red, a drain-line
inspection terminal for green and a drain-line inspection
terminal for blue.

[0018] Neighboring gate lines are connected to different
gate-line inspection terminals.
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[0019] The present invention can provide a liquid crystal
display device which can obviate cutting off of the periph-
eral region of the liquid crystal display device on which an
inspecting circuit is formed and can surely perform the
inspection of image display even when the peripheral region
is narrowed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a plan view of a substrate of a liquid
crystal display device according to the present invention.

[0021] FIG. 2A to FIG. 2D are views showing inspection
waveforms of the liquid crystal display device according to
the present invention.

[0022] FIG. 3 is a plan view of the substrate having
another constitution of the liquid crystal display device of
the present invention.

[0023] FIG. 4 is a plan view of the substrate having
another constitution of the liquid crystal display device of
the present invention.

[0024] FIG. 5 is a plan view of a substrate of a conven-
tional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Preferred embodiments of the present invention are
explained in conjunction with drawings.

[0026] In respective embodiments, parts having identical
functions are indicated by same reference symbols.

[0027] FIG. 1 is a plan view of a liquid crystal display
device 1 according to the present invention showing lines
formed on a first substrate. Further, FIG. 1 is a plan view of
the liquid crystal display device for a portable terminal in
which a size of an effective screen in the diagonal direction
is set to approximately 5.08 cm and also is a plan view of a
transparent substrate on which pixel electrodes are formed.
The liquid crystal display device shown in FIG. 1 adopts an
active matrix system.

[0028] The active matrix type liquid crystal display device
includes rectangular substrates which are arranged to face
each other in an opposed manner and a liquid crystal layer
is formed between the first substrate PNL1 and the second
substrate PNL2. The second substrate PNL2 is formed
smaller than the first substrate PNL1.

[0029] On a liquid-crystal-side surface of the first sub-
strate PNL1, gate lines GW which extend in the X direction
(lateral direction) and are arranged in parallel in the Y
direction (longitudinal direction) and drain lines (or source
lines) DW which are insulated from the gate lines GW,
extend in the Y direction and are arranged in parallel in the
X direction are formed. Holding capacitance lines SW are
arranged parallel to the gate lines GW. In FIG. 1, some of
the plurality of gate lines GW and the plurality of drain lines
DW are described.

[0030] Ineach region surrounded by the gate lines and the
drain lines which cross each other, a switching element
which is turned on in response to a scanning signal from the
gate line and a pixel electrode to which a video signal is
supplied from the drain line DW through the switching
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element are formed thus constituting a pixel. A thin film
transistor TFT is used as the switching element.

[0031] With respect to the first substrate PNL1, on a region
which does not face the second transparent substrate PNT.2
in an opposed manner, a drain driver DDr and a gate driver
GDr are arranged. Further, the gate driver GDr and the drain
driver DDr are mounted on one of short sides of the first
substrate PNLI in a flip-chip method. The gate driver GDr
is connected to the gate lines GW and the drain driver DDr
is connected to the drain lines DW.

[0032] A common electrode is formed on the second
substrate PNL2. Further, a capacitor LC is formed by the
common electrode and the pixel electrode so as to hold a
voltage.

[0033] A common line Vecom which is connected to the
common electrode is arranged on the first substrate.

[0034] Lines shown in FIG. 1 are lines which are formed
on the first substrate PNL1.

[0035] On a peripheral region PA, gate-line inspection
transistors TG and drain-line inspection transistors TD are
formed.

[0036] The gate-inspection transistors TG are formed on a
long side of the first substrate PNL1 and are connected to
one ends of the gate lines. Further, another ends of the gate
lines are connected to the gate driver GDr.

[0037] The odd-numbered gate-line inspection transistors
TG have one ends thereof connected to the odd-numbered
gate lines GW and another ends thereof connected to the
odd-numbered gate-line inspection terminal CGO.

[0038] The even-numbered gate-line inspection transistors
TG have one ends thereof connected to the even-numbered
gate lines GW and another ends thereof connected to the
even-numbered gate-line inspection terminal CGE.

[0039] The drain-line inspection transistors TD have one
ends thereof connected to the drain lines DW and another
ends thereof connected to the drain-line inspection terminal
for red CR, the drain-line inspection terminal for green CG
and the drain-line inspection terminal for blue CB.

[0040] Gates of the gate-line inspection transistors TG and
the drain-line inspection transistors TD are connected to a
common inspecting switch S.

[0041] The drain driver DDr is arranged over the odd-
numbered gate-line inspection terminal CGO, the even-
numbered gate-line inspection terminal CGE, the drain-line
inspection terminal for red CR, the drain-line inspection
terminal for green CG and the drain-line inspection terminal
for blue CB, and an inspecting common terminal CV by way
of an anisotropic conductive film. Here, the drain driver DDr
and the inspection terminals are electrically insulated from
each other.

[0042] An inspecting switch S is arranged below the gate
driver GDr. The gate driver GDr is also fixed to the first
substrate PNL1 by way of an anisotropic conductive film.
Here, the gate driver GDr and the inspecting switch terminal
are electrically insulated from each other.

[0043] Due to such a constitution, it is possible to manu-
facture the liquid crystal display device without enlarging
the peripheral region PA. Further, since the anisotropic
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conductive film is adhered to the inspection terminal por-
tions, it is possible to prevent the inspection terminal por-
tions from being exposed to outside air as much as possible
and hence, the electrolytic corrosion or the corrosion of the
inspection terminal portions can be suppressed.

[0044] Further, it is unnecessary to cut off portions of the
substrate where the inspection terminal is formed and hence,
the manufacturing steps of the liquid crystal display device
can be simplified. Still further, since the step for cutting off
the inspection terminal can be omitted, it is possible to
suppress the generation of cut-off chips of the substrate and
hence, the defective display attributed to dust can be obvi-
ated.

[0045] Further, by setting the inspecting switch S at a low
level at the time of driving the liquid crystal, it is possible
to turn off the gates of all inspection transistors. The sub-
strate is provided with a terminal TV for supplying a voltage
for turning off the gates of the inspection transistors.

[0046] The inspection method is explained hereinafter.

[0047] FIG. 2A to FIG. 2D show driving waveforms at
the time of displaying red, that is, voltage waveforms
inputted to the respective inspection terminals. FIG. 2A
shows the waveform inputted to the odd-numbered gate line
inspection terminal CGO, FIG. 2B shows the waveform
inputted to the even-numbered gate line inspection terminal
CGE, FIG. 2C shows the waveform inputted to the drain-
line inspection terminal for red CR, and FIG. 2D shows the
waveforms inputted to the drain-line inspection terminals for
green and blue CG, CB. In this embodiment, the liquid
crystal display device in a normally white is used.

[0048] To the odd-numbered gate-line inspection terminal
CGO, pulse voltages having a period of Mms and a pulse
width of Nus are supplied. On the other hand, to the
even-numbered gate-line inspection terminal CGE, pulse
voltages which have a period thereof displaced from the
period of the pulse voltages applied to the odd-numbered
gate-line inspection terminal CGO are applied. Due to such
a constitution, it is possible to detect short-circuiting
between the gate lines.

[0049] To the drain-line inspection terminal for red CR, a
voltage which reverses a polarity thereof every Mms is
supplied. To the drain-line inspection terminals for green
and blue CG, CB, a voltage which reverses a polarity thereof
every Mms is supplied.

[0050] By lowering the voltage supplied to the drain-line
inspection terminal for red CR and elevating the voltage
supplied to the drain-line inspection terminals for green and
blue CG, CB, itis possible to display red. Here, it is possible
to inspect short-circuiting between the drain line for red and
the drain line arranged close to the drain line for red.

[0051] In the same manner, by displaying either one of
green or blue, it is possible to inspect short-circuiting
between the neighboring drain lines.

[0052] The gates of the gate-line inspection transistor TG
and the drain-line inspection transistor TD are turned on.
Upon completion of the inspection, the gates of the gate-line
inspection transistors TG and the drain-line inspection tran-
sistors TD are turned off by operating the inspecting switch
S. For example, by setting the inspecting switch S to the low
level at the time of driving the liquid crystal, it is possible
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to turn off the gates of all inspection transistors. Since the
gates of the inspection transistors are always turned off at the
time of driving the liquid crystal, it is possible to display
images in a stable manner.

[0053] In the liquid crystal display device shown in FIG.
1, since only one inspecting switch S is provided, it is
sufficient to provide only one voltage supply terminal at the
time of driving.

[0054] Further, upon completion of the inspection, the
terminals of the drain driver DDr are connected to one ends
of respective drain lines.

[0055] FIG. 3 shows a liquid crystal display device which
is comprised of a first liquid crystal display device provided
with the gate driver GDr and the drain driver DDr and a
second liquid crystal display device 2 which is connected
with the first liquid crystal display device by means of a
flexible printed circuit board FPC. Some drain lines DW are
used by the the first liquid crystal display device and the
second liquid crystal display device in common.

[0056] Asecond common line Vcom2 which is used in the
second liquid crystal display device is arranged on the first
substrate.

[0057] In the liquid crystal display device shown in FIG.
3, a semiconductor chip for driving liquid crystal is mounted
on a short side of one substrate and, at the same time,
terminals PD for connecting the first liquid crystal display
device to the second liquid crystal display device by way of
the flexible printed circuit board FPC are formed on a short
side of another substrate. Accordingly, a peripheral region is
further narrowed. By applying the present invention to such
a liquid crystal display device, it is possible to reduce a
contour of the liquid crystal display device.

[0058] FIG. 4 shows a liquid crystal display device which
houses a gate driver and a drain driver in one driver Dr. Parts
having identical functions as the parts shown in FIG. 1 are
indicated by same symbols.

[0059] The drain lines DW are constituted of 398 drain
lines in total ranging from DO to D397. The gate lines GW
are constituted of 178 gate lines in total ranging from GO to
G177.

[0060] In the liquid crystal display device shown in FIG.
4, the gate lines which drive one half of a pixel region
remote from the driver Dr run over a right-side peripheral
region and are connected to the driver Dr, while the gate
lines which drive another half of a pixel region close to the
driver Dr run over a left-side peripheral region and are
connected to the driver Dr. The drain lines are connected to
the driver Dr in a region including a center portion of a long
side of the driver.

[0061] The gate lines which are connected to the driver Dr
after running over the right-side peripheral region of the
substrate are connected to gate-line inspection transistors
TGL formed on the left side of the substrate.

[0062] The gate lines which are connected to the driver Dr
after running over the left-side peripheral region of the
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substrate are connected to gate-line inspection transistors
TGR formed on the right side of the substrate.

[0063] At a center portion of the substrate, a drain-line
inspecting switch terminal S1, a drain-line inspection ter-
minal for red CR, a drain-line inspection terminal for green
CG and a drain-line inspection terminal for blue CB are
arranged. The drain-line inspecting switch terminal S1 is
connected to gates of the drain-line inspection transistors
TD.

[0064] At the left side of the drain-line inspection termi-
nals, gate-line inspection terminals which run over the
right-side peripheral portion of the substrate and are con-
nected to the driver Dr are arranged. As these gate-line
inspection terminals, the odd-numbered gate-line inspection
terminal CGO1, the even-numbered gate-line inspection
terminal CGE1 and the gate-line inspecting switch terminal
S2 are arranged.

[0065] At the right side of the drain-line inspection ter-
minals, gate-line inspection terminals which run over the
left-side peripheral region of the substrate and are connected
to the driver Dr are arranged. As these gate-line inspection
terminals, the odd-numbered gate-line inspection terminal
CGO2, the even-numbered gate-line inspection terminal
CGE2 and the gate-line inspecting switch terminal S3 are
arranged.

[0066] The driver Dr is fixed over these inspection termi-
nals by way of an anisotropic conductive film. Here, the
driver Dr and the inspection terminals are electrically insu-
lated from each other.

[0067] Due to such a constitution, it is possible to reduce
the panel peripheral region which surrounds the display
region.

[0068] Further, while reducing the panel peripheral region,
it is also possible to surely detect an electric short-circuiting
between the gate lines GW and an electric short-circuiting
between the drain lines DW.

[0069] The alignment between the inspection terminals of
the display device and terminals of the inspection device can
be made easily so that the display device can be manufac-
tured easily.

[0070] Since the semiconductor chip is mounted on the
inspection terminals by way of the anisotropic conductive
film, it is possible to prevent the inspection terminals from
exposed to atmosphere whereby the breaking due to static
electricity, the electrolytic corrosion or the corrosion can be
suppressed.

What is claimed is:
1. An image display device comprising:

a substrate having a plurality of scanning signal lines, a
plurality of video signal lines and a plurality of pixels;
and

a driver ship mounted on the substrate, wherein
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the substrate has an inspection terminal, and

the driver chip is arranged over the inspection terminal.
2. An image display device according to claim 1, wherein

the driver chip supplies a video signal to each of the
plurality of video signal lines.

3. An image display device according to claim 1, wherein

the driver chip supplies a scanning signal to each of the
plurality of scanning signal lines.

4. An image display device according to claim 1, wherein

the inspection terminal includes a video signal line
inspection terminal.

5. An image display device according to claim 1, wherein

the inspection terminal includes a scanning signal line
inspection terminal.

6. An image display device according to claim 1, wherein

each of the plurality of pixels includes a switching ele-
ment.

7. An image display device according to claim 1, wherein
the plurality of pixels are formed in a pixel region, and

the inspection terminal is formed at outside of the pixel
region.
8. An image display device according to claim 1, wherein

the driver chip is electrically insulated from the inspection
terminal.

9. An image display device according to claim 1, wherein

the inspection terminal is electrically insulated from out-
put terminals of the driver chip.

10. An image display device according to claim 1,
wherein

the inspection terminal includes a first scanning line
inspection terminal and a second scanning line inspec-
tion terminal, and

one of neighboring two scanning lines is connected to the
first scanning line inspection terminal and another of
the neighboring two canning lines is connected to the
second scanning line inspection terminal.

11. An image display device according to claim 1,
wherein

the inspection terminal includes a video signal line
inspection terminal for red, a video signal line inspec-
tion terminal for green and a video signal line inspec-
tion terminal for blue.

12. An image display device according to claim 1,
wherein

the image display device including another substrate
which is arranged to face the substrate in an opposed
manner and a liquid crystal layer disposed between the
substrate and the another substrate.
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