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7) ABSTRACT

The present invention relates to a liquid crystal display
provided with an electrostatic protection element and an
object of the present invention is to provide the liquid crystal
display provided with superior redundancy and at the same
time a sufficient protection function against static electricity
in which relatively low voltage generates for a long period
of time. Electrostatic protection element sections 28 and 30
are provided with a first TFT 32 having a source electrode
(S) and a drain electrode (D) where the source electrade (S)
is connected to external output electrodes 16 and 18 and the
drain electrode (D) is connected to common wirings 22 and
24, a second TFT 38 having a conductor 42, a source
electrode (S), a drain electrode (D) and a gate electrode (G)
where the conductor 42 is connected to the gate electrode
(G) of the first TFT 32, the source electrode (S) is connected
to the external output electrodes 16 and 18, the drain
¢lectrode (D) is connected to the conductor 42 and the gate
electrode (G) is electrically floated, and a third TFT 40
having a source ¢lectrode (S), a drain electrode (D) and a
gate electrode (G) where the source electrode (S) is con-
nected to the common wirings 22 and 24, the drain electrode
(D) is connected to the conductor 42 and the gate electrode
is electrically floated.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention related to an active matrix
type liquid crystal display provided with a thin film transis-
tor (hereinafter, referred to as TFT) as a switching element,
and specifically relates to the liquid crystal display provided
with an electrostatic protection element protecting the TFT
formed on a substrate on an array side and areas between bus
lines from a destruction or a shortage due to static electricity.

[0003]

[0004] The active matrix type LCD is widely used in
computers or equipment for the use of OA (Office Automa-
tion) as a flat panel display providing superior picture
quality. In this active matrix type LCD, a voltage is applied
electrode from both electrodes to a liquid crystal layer sealed
between the substrate on the array side forming TFT and
pixel electrode and an opposing substrate forming common,
thereby driving liquid crystal.

[0005] A plurality of gate bus lines to which a scanning
signal is sequentially input to select a driving display pixel
are formed in parallel to each other on the substrate on the
array side. Further, an insulation film is formed on the
plurality of gate bus lines, and a plurality of data bus lines
in substantially orthogonal to the gate bus lines are formed
on an insulation film. Each area decided by the plurality of
gate bus lines and the plurality of data bus lines formed in
orthogonal to each other in a matrix shape becomes a pixel
area, and the TFT and the display electrode are formed in
each pixel area. A gate electrode of the TFT is connected to
a predetermined gate bus line, a drain electrode is connected
to a predetermined data bus line, and a source electrode is
connected to the display electrode in the pixel area.

[0006] Incidentally, since the TFT for controlling the
operation of liquid crystal of the TFT-LCD, gate bus lines,
data bus lines and the like are formed on the glass substrate
which is an insulation material, the TFT, gate bus lines, data
bus lines and the like are basically weak against static
electricity. Therefore, if static electricity is generated on the
substrate on the array side during a period from the substrate
process on the array side constructing the TFT to the panel
process sealing liquid crystal by attaching the substrate on
the array side and the opposing substrate and mounting a
driver IC and the like, defects such as a destruction of the
TFT, a change in characteristics of the TFT, a shortage
between each of the bus lines are generated, thereby result-
ing in a considerable reduction in fabrication yield of panels.
Thus, a reliable measure to protect the elements and the bus
lines on the substrate on the array side from static electricity
is required.

[0007] As a measure to protect the substrate on the array
side from static electricity, for example, a method connect-
ing all the bus lines to a common electrode (short ring) to
keep the same potential is known. The short ring is formed
by materials for the data bus lines or the gate bus lines when
the data bus lines or the gate bus lines are formed. Thus, each
bus line is electrically connected with the value of resistance
less than several kQ. Therefore, even if a specific area on the
panel is charged with electricity, the electric charges are

1. Field of the Invention

2. Description of the Related Art

Feb. 12, 2004

instantly dispersed, thereby preventing the TFT in a display
from a device destruction or a change in characteristics.

[0008] However, according to this method, since each bus
line is short-circuited to each other, an independent signal
can not be applied to each bus line. Therefore, a problem
occurs, in which an array inspection (a TFT inspection)
performing a characteristic test of the TFT of each pixel by
detecting the amount of electric charges when the electric
charges are kept between the pixel electrode and the com-
mon electrode in the display panel can not be performed.
Further, since the short ring electrically connects the adja-
cent bus lines at low resistance, the short ring is required to
be removed either in the panel process or in the unit
assembling process after the panel is completed. Thus, a
problem exists in which a measure against static electricity
is not taken in the processes after the unit assembling
process.

[0009] Accordingly, a method of arranging a resistive
component between the short ring and each bus line is
conceived. FIG. 28 is a diagram describing the conventional
technology connecting the resistive component between the
bus line and the short ring, which is disclosed in the
publication of Japanese Laid Open Patent Application No.
8-101397. FIG. 28 shows a part of a substrate surface on the
array side and a resistance layer 400 is formed by patterning
an ITO (indium tin oxide) formed on a gate metal or on a
drain metal into a zigzag line at the end portion of a bus line
504. A tip of the zigzag-shape resistance layer 400 is
connected to a short ring 506. The array inspection is
possible according to this structure. Normally, this resistance
layer 400 and the short ring 506 are removed by discon-
necting a scribe line SL shown by the dotted line in the
diagram in the panel scribe process when assembling the
panel.

[0010] However, according to this method, in order to
obtain a higher resistance using ITO, an area is required to
secure to lengthen the distance of the zigzag-shape. Thus, a
problem that an external size of the panel becomes large
exists.

[0011] Besides the methods described above, a method for
inserting an electrostatic protection element such as a tran-
sistor and the like between the bus line and the short ring is
conceived. For example, in the publication of Japanese Laid
Open Patent Application No. 61-79259, a method of con-
necting the gate electrode and the source/drain electrode by
a capacitive coupling is shown.

[0012] FIGS. 292 and 29b are diagrams describing the
conventional technology shown in the publication of Japa-
nese Laid Open Patent Application No. 61-79259. FIG. 29a
shows a state of a part of the substrate on the array side when
viewing toward the substrate and FIG. 29b shows a cross
section of the electrostatic protection element. As shown in
FIG. 294, an electrostatic protection element 500 has a TFT
structure arranged between an external output electrode 504
at the end portion of a bus line 502 and the short ring 506.
The electrostatic protection element 500 is formed by the
same process as the TFT formed in the pixel area on a glass
substrate 508. As shown in FIG. 295, a gate electrode 510
is formed on the glass substrate 508 and an operating
semiconductor layer 514 composed of, for example, amor-
phous silicon (hereinafter, abbreviated as a-Si) is formed on
the gate electrode 510 via a gate insulation film 512. A
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protection film 520 is formed on the operating semiconduc-
tor layer 514 and a source electrode 518 and a drain
electrode 516 are formed on both sides of the operating
semiconductor layer 514 sandwiching the protection film.
The drain electrode 516 is connected to the short ring 506
and the source electrode 518 is connected to the external
output electrode 504. When viewing to the direction of the
substrate surface, the gate electrode 510 has a plane over-
lapping with the source/drain electrodes 518 and 516 and is
connected with the source/drain electrodes 518 and 516 by
capacitive coupling. Therefore, when high voltage is gen-
erated due to static electricity between the source/drain
electrodes 518 and 516, since the potential of the gate
electrode 510 becomes the middle of the potential difference
generated between the source/drain electrodes 518 and 516,
a channel is created at the operating semiconductor layer
514, thereby releasing the electric load due to static elec-
tricity from the bus line 502.

[0013] However, since the structure of this electrostatic
protection element 500 has a single structuring element, the
redundancy is poor. In other words, since high voltage due
to static electricity is received by only one TFT, the elec-
trostatic protection element 500 is easily destroyed and
when the area between the bus line 502 and the short ring
506 is insulated due to the destruction, the possibility of the
TFT in the pixel area to be exposed to static electricity
increases. Further, even if irregularities due to static elec-
tricity do not occur, if the electrostatic protection element
500 is short-circuited due to some reason, a TFT test can not
be performed.

[0014] Next, the electrostatic protection circuit having
more redundancy than the structure shown in FIGS. 294 and
29b which is disclosed in the publication of Japanese Laid
Open Patent Application No.10-303431 is described with
reference to FIG. 30. The source electrode (S) of the first
TFT 530 which is the electrostatic protection element is
connected to an external output electrode 502 of the bus line,
and the drain electrode (D) on the other side is connected to
the short ring 506. The gate electrode (G) of the first TET
530 is connected to a conductor 536 which is electrically
floated from both the external output electrode 502 and the
short ring 506. On the other hand, the source electrode (S)
and the gate electrode (G) of the second TFT 532 are
connected to the external output electrode 502 of the bus line
and the drain electrode (D) on the other side is connected to
the conductor 536. Further, the drain electrode (D) of the
third TFT 534 is connected to the conductor 536 and the
source electrode (S) and the gate electrode (G) on the other
side are connected to the short ring 506. When positive high
voltage is generated in the bus line with respect to the short
ring 506 due to static electricity, high voltage is applied to
the gate electrode (G) of the second TFT 532 and a channel
is formed, thereby rapidly increasing the conductivity. On
the other hand, since the gate electrode (G) of the third TFT
534 is connected to the short ring 506, a channel is not
formed and the conductivity remains to be very small. This
difference in conductivity is very large, and in consequence,
the potential of the conductor 536 is substantially equal to
the potential of the bus line. As a result, a channel is formed
by applying the voltage between the bus line and the short
ring 506 at the gate electrode of the first TFT 530 which is
the electrostatic protection element and the electric charge
can be released. It will be noted that the second and the third
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TFT’s 532 and 534 do not basically run the current and are
used only to control the gate potential of the first TFT 530.

[0015] In this manner, in the above electrostatic protection
circuit, since the gate electrodes of the second and the third
TFT’s 532 and 534 are connected to the external output
electrode 502 of the bus line or the short ring 506, the
potential difference between the external output electrode
502 and the short ring 506 is instantly liquidated. However,
when the voltage generated by static electricity reduces as
the time passes, the potential of the conductor 536 also
reduces and the conductivity of the first TFT 530 reduces.
Thus, when the voltage is relatively low (~ several volis) due
to static electricity, the efficiency of releasing the electric
charges is reduced.

[0016] Also, based on the previous fabrication experi-
ences, obstacles due to static electricity are known to be
occurred by sharp pulse-like static electricity at extremely
high voltage for a short period of time and static electricity
continuously applied to each element for a long period of
time even if the voltage is relatively low. Therefore,
although the electrostatic protection circuit described in the
publication of Japanese Laid Open Patent Application No.
10-303431 can be expected to be effective in the former
case, little result is expected in the latter case as the path for
the current to escape is cut off when the voltage is reduced
to a certain extent. Further, according to the electrostatic
protection circuit described in the above publication, since
the current due to static electricity all flows in the first TFT,
the redundancy is poor and the load is exceedingly
increased, therefore the possibility of the first TFT to be
destroyed exists. Furthermore, since the gate electrode (G)
of the second TFT 3532 is directly connected with the
external output electrode 502 of the bus line and the gate
electrode (G) of the third TFT 534 is directly connected with
the short ring 506, the redundancy against shortage is
reduced.

[0017] As still another conventional electrostatic protec-
tion circuit, there is a structure shown in FIG. 31, which is
described in the publication of Japanese Laid Open Patent
Application No. 7-60875. This is an electrostatic protection
circuit connecting between the bus line 504 and the short
ring 506 via a resistive component by a two-way transistor
using non-linear elements 402 and 404. Besides the two-way
transistor, a non-linear element such as a shot-key diode,
which can be a resistive component, may be also used. Since
the resistive component by the non-linear element has a
sufficient high resistive component so as not to affect the
operation of each bus line, the resistive component by the
non-linear element can be remained after the panel is com-
pleted. Further, as to static electricity, since some current
which can disperse electric charges flows, the resistive
component by the non-linear element functions as an anti-
electrostatic element.

[0018] Although in the method arranging the high resistive
component by the non-linear element such as the two-way
transistor, the high resistive component can be formed in a
relatively small area, problems occur with respect to con-
trolling the current since the structure of the device becomes
complex and moreover the resistive component is altered by
an external charges (for example, static electricity) owing to
the non-linear element. Further, since the high resistive
component can not be formed outside the ensured area for
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operation of operating semiconductor film of the transistor
such as the area adjacent to an end face of glass, a problem
of not being able to make the size of the panel large against
a mother glass exists.

[0019] Accordingly, although the short ring is required to
be removed in the panel process or in the unit assembly
process after the panel is completed according to the con-
ventional liquid crystal display, a problem exists in which a
measure against static electricity can not be taken in the
processes after the short ring is removed.

[0020] Further, in the method arranging the zigzag pattern
using the ITO, a problem exists in which if the length of the
zigzag pattern is long, the external size of the panel becomes
large.

[0021] Furthermore, the conventional liquid crystal dis-
play has problems in which the electrostatic protection
element (circuit) for preventing a device destruction due to
static electricity is poor in redundancy, the area between the
bus line and the short ring is easily short-circuited or the
electrostatic protection element does not function as a pro-
tection circuit against the static electricity generating rela-
tively low voltage for a long period of time.

[0022] Also, if the non-linear element such as the two-way
transistor is used as the high resistive component, the
structure of the device becomes complex and the aspect of
controlling the current is disadvantageous as well. Further,
since the non-linear element can not be formed adjacent to
the end face of the glass, a problem of not being able to make
the size of the panel large against the mother glass exists.

SUMMARY OF THE INVENTION

[0023] An object of the present invention is to provide a
liquid crystal display provided with an electrostatic protec-
tion circuit superior in redundancy.

[0024] Another object of the present invention is to pro-
vide a liquid crystal display provided with a sufficient
protection function against static electricity generating rela-
tively low voltage for a long period of time.

[0025] Further object of the present invention is to provide
a liquid crystal display in which measures for static elec-
tricity can be taken until the last stage of the substrate
assembly process.

[0026] Furthermore object of the present invention is to
provide a liquid crystal display in which an electrostatic
protection element section does not affect the size of a panel.

[0027] Another object of the present invention is to pro-
vide a liquid crystal display having the electrostatic protec-
tion element section which is simple in structure of the
device and not disadvantageous in an aspect of controlling
the current.

[0028] Above objects are achieved by an active matrix
type liquid crystal display comprising a switching element
formed for each of a plurality of pixels decided by a plurality
of bus lines and a short ring connected to the plurality of bus
lines, and an electrostatic protection element portion formed
between each of the plurality of bus lines and the short ring,
wherein the electrostatic protection element portion com-
prises a thin film transistor having a source or a drain
electrode connected to the bus line and the drain or the
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source electrode connected to the short ring, a first resistor
connecting a gate electrode of the thin film transistor to the
bus line, and a second resistor connecting the gate electrode
of the thin film transistor to the short ring.

[0029] In the liquid crystal display described above, the
second resistor may be a common resistor connecting the
gate electrodes of the plurality of thin film transistor to the
short ring.

[0030] Further, the above object are achieved by an active
matrix type liquid crystal display comprising a switching
element formed for each of a plurality of pixels decided by
a plurality of bus lines and an electrostatic protection
element portion formed between the adjacent bus lines,
wherein the electrostatic protection element portion com-
prises a thin film transistor having a source or a drain
electrode connected to one of the adjacent bus lines and the
drain or the source electrode connected to the other of the
bus lines, a first resistor connecting a gate electrode of the
thin film transistor to one of the bus lines, and a second
resistor connecting the gate electrode of the thin film tran-
sistor to the other of the bus lines.

[0031] Furthermore, above objects are achieved by an
active matrix type liquid crystal display comprising a
switching element formed for each of a plurality of pixels
decided by a plurality of bus lines, a short ring connected to
the plurality of bus lines, and

[0032] a electrostatic protection element portion formed
between each of the plurality of bus lines and the short ring,
wherein the electrostatic protection element portion com-
prises a first thin film transistor having a source or a drain
¢lectrode connected to the bus line and the drain or the
source electrode connected to the short ring, a conductive
material connected to a gate electrode of the first thin film
transistor, a second thin film transistor having a source or a
drain electrode connected to the bus line, the drain or a
source electrode connected to the conductive material, and
a gate electrode electrically floated, and a third thin film
transistor having a source or a drain electrode connected to
the short ring, the drain or the source electrode connected to
the conductive material, and a gate electrode electrically
floated.

[0033] In the liquid crystal display described above, the
third thin film transistor may be a common transistor con-
necting the gate electrodes of the plurality of first thin film
transistors to the short ring.

[0034] Further, above objects are achieved by an active
matrix type liquid crystal display comprising a switching
element formed for each of a plurality of pixels decided by
a plurality of bus lines, and an electrostatic protection
element portion formed between the adjacent bus lines,
wherein the electrostatic protection element portion com-
prises a first thin film transistor having a source or a drain
electrodes connected to one of the adjacent bus lines and the
drain or the source electrode connected to the other of the
bus lines, a conductive material connected to a gate elec-
trode of the first thin film transistor, a second thin film
transistor having a source or a drain electrode connected to
one of the bus lines, the drain or the source electrode
connected to the conductive material, and a gate electrode
electrically floated, and a third thin film transistor having a
source or a drain electrode connected to the other of the bus
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lines, the drain or the source electrode connected to the
conductive material, and a gate electrode electrically floated.

[0035] Inthe liquid crystal display of the present invention
above, the gate electrode of the first transistor can be
connected to the conductive material via capacitor. Also, a
channel length of at least one of the second and the third thin
film transistors can be shorter than a channel length of the
first thin film transistor.

[0036] In the conventional electrostatic protection circuit
short-circuiting the gate electrodes (G) of the second and the
third TFT’s 532 and 534 with the bus line 502 and the short
ring 506 respectively as shown in FIG. 30, the current does
not flow in the second and the third TFT’s 532 and 534 in
reality and the electrostatic protection circuit is used only for
controlling the gate potential of the first TFT 530. On the
other hand, the first and the second resistors or the second
and the third TFT’s of the present invention show a two-way
conductivity between the bus line and the short ring, thereby
enabling the current to flow. Thus, the first and the second
resistors or the second and the third TFT’s have a function
of preliminarily releasing the charge due to static electricity
before the first TFT for primarily running the current suffi-
ciently conducts. In other words, since the current prelimi-
narily flows in the second and the third TFT’s, the load on
the first TFT can be reduced and the redundancy of the
electrostatic protection circuit can be improved.

[0037] Further, the gate electrode of the first TFT of the
present invention is connected with the bus line and the short
ring via capacitors and the potential of the gate electrode
gently varies for a time required to charge and discharge
these capacitors. Therefore, according to the structure of the
present invention, gentle static electricity can sufficiently be
dealt with. When the capacitor is inserted between the gate
electrode of the first TFT and a common conductor between
the second and the third TFT, a reaction becomes gentle as
a whole further and the efficiency as the electrostatic pro-
tection element is improved.

[0038] Furthermore, the structure shown in FIG. 30 has
more number of elements than the structure shown in FIGS.
294 and 29) and the redundancy is improved. However, for
example, if the gate electrode (G) and the drain electrode (D)
of the second TFT 532 are short-circuited and at the same
time the gate electrode (G) and the drain electrode (D) of the
first TET 530 are short-circuited, the function as the elec-
trostatic protection circuit is lost. Similarly, when the gate
electrode (G) and the drain electrode (D) of the third TFT
534 are short-circuited and at the same time the gate
electrode (G) and the drain electrode (D) of the first TFT 530
are short-circuited, or when the gate electrode (G) and the
drain electrode (D) of the second TFT 532 are short-
circuited and at the same time the gate electrode (G) and the
drain electrode (D) of the third TFT 530 are short-circuited,
the function as the electrostatic protection circuit is also lost.
In other words, according to the circuit shown in FIG. 30,
if the elements in the circuit are short-circuited at two places
as described above, a defect occurs.

[0039] On the contrary, for example, describing this
embodiment with reference to FIG. 3, in the structure
according to the present invention, if the gate electrode (G)
and the source electrode (S) of the second TFT 38 are
short-circuited and the gate electrode (G) and the drain
electrode (D) of the second TFT 38 are also short-circuited
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and at the same time the gate electrode (G) and the drain
electrode (D) of the first TFT 32 are short-circuited, the
function as the electrostatic protection circuit is lost. Simi-
larly, when the gate electrode (G) and the source electrode
(S) of the third TFT 40 are short-circuited, and the gate
electrode (G) and the drain electrode (D) of the third TFT 40
are also short-circuited and at the same time the gate
electrode (G) and the drain electrode (D) of the first TFT 32
are short-circuited, or when the gate electrode (G) and the
source electrode (S) of the second TFT 38 are short-
circuited, the gate electrode (G) and the drain electrode (D)
of the second TFT 38 are also short-circuited, the gate
electrode (G) and the drain electrode (D) of the second TFT
38 are also short-circuited, the gate electrode (G) and the
source electrode (S) of the third TFT 40 are also short-
circuited, and at the same time the gate electrode (G) and the
drain electrode (D) of the third TFT 40 are short-circuited,
the function as the electrostatic protection circuit is lost. In
other words, according to the specific circuit of the present
invention shown in FIG. 3, when the elements in the circuit
short-circuit at more than three places, then the function
stops for the first time as the electrostatic protection circuit.
Thus, since the gate in the electrostatic protection circuit
according to the present invention is in a floating state, the
redundancy for a shortage of the structuring elements is also
superior.

[0040] Further, above objects are achieved by an active
matrix type liquid crystal display comprising a switching
element formed for each of a plurality of pixels decided by
a plurality of bus lines, a short ring connected to the plurality
of bus lines, and an electrostatic protection element portion
formed between each of the plurality of bus lines and the
short ring, wherein the electrostatic protection element por-
tion comprises a plurality of metal layers, an insulating layer
formed on the plurality of metal layers, a contact hole
formed by opening the insulating layer on the plurality of
metal layers, and a connecting layer electrically connecting
between the metal layers via the contact hole.

[0041] Furthermore, above objects are achieved by an
active matrix type liquid crystal display comprising, a
switching element formed for each of a plurality of pixels
decided by a plurality of bus lines, and an electrostatic
protection element portion formed between the adjacent bus
lines, wherein the electrostatic protection element portion
comprises a plurality of metal layers, an insulating layer
formed on the plurality of metal layers, a contact hole
formed by opening the insulating layer on the plurality of
metal layers, and a connecting layer electrically connecting
between the metal layers via the contact hole.

[0042] According to the present invention, the contact
holes are formed on the protection film on the gate bus line
or the data (drain) bus line and the short ring and each of the
bus lines are electrically connected via the contact holes. A
contact resistance generated between different metals (for
example, Ti and ITO) in this structure can obtain the ohmic
contact by selecting materials and the resistance value of the
resistive component can also be controlled by the number or
the size of the contact holes, or by the subsequent treatment
processes for the underlying metal. The metal contact is
certainly not limited to the ohmic contact and a resistive
device having a non-linear characteristic can be arranged by
the shot-key connection.
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[0043] Since the anti-electrostatic element formed accord-
ing to the present invention is easy to control the resistance
(current control) and the structure is simple as well, a stable
resistive component can be held. Further, since an arbitrary
resistive component can be formed by the method previ-
ously described, the array inspection can be possible and a
sufficient protective function against static electricity can
also be held by constructing the resistive component.

BRIEF DESCRIPTION OF THE DIAGRAMS

[0044] FIG. 1 is a diagram showing a schematic structure
of a liquid crystal display according to a first embodiment of
the present invention.

[0045] FIGS. 2a and 2b are diagrams showing a circuit
structure and an operation of an electrostatic protection
element section according to the first embodiment of the
present invention.

[0046] FIG. 3 is a diagram showing a circuit structure of
an electrostatic protection element which is a characteristic
component of a liquid crystal display according to a second
embodiment of the present invention.

[0047] FIGS. 4a, 4b and 4c are diagrams showing a
structure of the electrostatic protection circuit according to
the second embodiment of the present invention.

[0048] FIG. 5 is a diagram showing an example of a
variation of the electrostatic protection circuit of the liquid
crystal display according to the second embodiment of the
present invention.

[0049] FIG. 6 is a diagram showing a state of an electro-
static protection circuit of a liquid crystal display according
to a third embodiment of the present invention when view-
ing toward a substrate.

[0050] FIG. 7 is a diagram showing a circuit structure of
a electrostatic protection element section which is the char-
acteristic component of a liquid crystal display according to
a fourth embodiment of the present invention.

[0051] FIGS. 8a, 86 and 8c are diagrams showing a
structure of the electrostatic protection circuit according to
the fourth embodiment of the present invention.

[0052] FIG. 9 is a diagram showing an example of a
variation of the structure of the electrostatic protection
circuit according to the fourth embodiment of the present
invention.

[0053] FIG. 10 is a diagram showing an example of a
variation of the electrostatic protection circuit according to
the fourth embodiment of the present invention.

[0054] FIG. 11 is a diagram showing an other example of
the variation of the electrostatic protection circuit according
to the fourth embodiment of the present invention.

[0055] FIG. 12 is a diagram showing a circuit of an
electrostatic protection element section of a liquid crystal
display according to a fifth embodiment of the present
invention.

[0056] FIG. 13 is a diagram showing an example of a
variation of the electrostatic protection circuit of the liquid
crystal display according to the fifth embodiment of the
present invention.
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[0057] FIG. 14 is a diagram showing a circuit of an
electrostatic protection element section of a liquid crystal
display according to a sixth embodiment of the present
invention.

[0058] FIG. 15 is a diagram showing a structure of the
electrostatic protection circuit of the liquid crystal display
according to the sixth embodiment of the present invention.

[0059] FIG. 16 is a diagram showing an example of a
variation of the electrostatic protection circuit of the liquid
crystal display according to the sixth embodiment of the
present invention.

[0060] FIG. 17 is a diagram showing a structure of an
example of a variation of the electrostatic protection circuit
of the liquid crystal display according to the sixth embodi-
ment of the present invention.

[0061] FIG. 18 is a diagram showing a circuit of an
electrostatic protection element section of a liquid crystal
display according to a seventh embodiment of the present
invention.

[0062] FIG. 19 is a diagram showing a structure of the
electrostatic protection circuit of the liquid crystal display
according to the seventh embodiment of the present inven-
tion.

[0063] FIG. 20 is a diagram showing an example of a
variation of the electrostatic protection circuit of the liquid
crystal display according to the seventh embodiment of the
present invention.

[0064] FIG. 21 is a diagram showing a structure of an
example of a variation of the electrostatic protection circuit
of the liquid crystal display according to the seventh
embodiment of the present invention.

[0065] FIG. 22 is a diagram showing a structure of an
example of a variation of the electrostatic protection circuit
of the liquid crystal display according to the first through the
seventh embodiments of the present invention.

[0066] FIGS. 23a and 23b are diagrams showing a struc-
ture of an electrostatic protection circuit of a liquid crystal
display according to an eighth embodiment of the present
invention.

[0067] FIGS. 244 and 24b are diagrams showing a struc-
ture of an example of a variation of the electrostatic pro-
tection circuit of the liquid crystal display according to the
eighth embodiment of the present invention.

[0068] FIG.25is a diagram showing a fabrication process
of the electrostatic protection circuit of the liquid crystal
display according to the eighth embodiment of the present
invention.

[0069] FIG. 26 is a diagram showing a structure of other
example of the variation of the electrostatic protection
circuit of the liquid crystal display according to the eighth
embodiment of the present invention.

[0070] FIG. 27 is a diagram showing a structure of an
example of an application of the electrostatic protection
circuit of the liquid crystal display according to the eighth
embodiment of the present invention.

[0071] FIG. 28 is a diagram showing a structure of the
electrostatic protection circuit of a conventional liquid crys-
tal display.
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[0072] FIGS. 29a and 29b are diagrams showing a struc-
ture of the electrostatic protection circuit of the conventional
liquid crystal display.

[0073] FIG. 30 is a diagram showing a structure of the
electrostatic protection circuit of the conventional liquid
crystal display.

[0074] FIG. 31 is a diagram showing a structure of the
electrostatic protection circuit of the conventional liquid
crystal display.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0075] Aliquid crystal display according to a first embodi-
ment of the present invention is described with reference to
FIG. 1, FIG. 2z and FIG. 2b. First, a schematic structure of
the liquid crystal display according to this embodiment is
described with reference to FIG. 1. FIG. 1 shows a part of
a substrate 1 on an array side of this liquid crystal display
viewing toward a substrate surface. It will be noted that
inside of a pixel area shows an equivalent circuit for driving
liquid crystal. On the substrate 1 on the array side, a plurality
of gate bus lines 2 extending in the horizontal direction in
the diagram are formed in parallel in the vertical direction.
Furthermore, although omitted in the diagram, an insulation
film is formed on the plurality of gate bus lines 2, and a
plurality of data bus lines 4 are formed on the insulation film
in substantially orthogonal to the gate bus lines 2. Each area
decided by the gate bus lines 2 and the data bus lines 4 which
cross orthogonally to each other in a matrix shape becomes
a pixel area, and a TFT 6 and a display electrode 8 are
formed in each pixel area. A gate electrode of the TFT 6 is
connected to a predetermined gate bus line 2, a drain
electrode is connected to a predetermined data bus line 4,
and a source electrode is connected to the display electrode
8 in the pixel area. A dotted line 14 in the diagram shows an
end portion of an opposing substrate. On the opposing
substrate side, common electrode 12 is formed. Liquid
crystal 10 is sealed between the substrate 1 on the array side
and the opposing substrate.

[0076] The TFT 6 in which the gate electrode is connected
to the gate bus line 2 is set to “On” state by a scanning signal
outputted to the predetermined gate bus line 2, and the
voltage based on a gradation signal outputted to the data bus
line 4 is applied to a pixel electrode 8. On the other hand, a
predetermined voltage is also applied to the common elec-
trode 12 on the opposing substrate side and the liquid crystal
between the pixel electrode 8 and the common electrode 12
is driven by the voltage applied to the pixel electrode 8 and
the common electrode 12.

[0077] An external output electrode 16 is formed at the
end portion of each gate bus line 2 and an external output
electrode 18 is also formed at the end portion of each data
bus line 4. A short ring 20 which is a component of an
electrostatic protection circuit is formed at the external
surrounding of the external output electrodes 16 and 18. The
short ring 20 has a common wiring 22 on the gate bus line
side and a common wiring 24 on the data bus line side. An
electrostatic protection element section 28 which is a com-
ponent of the electrostatic protection circuit is formed
between the common wiring 22 on the gate bus line side and
the external output electrode 16 on each of the gate bus line
2. On the other hand, an electrostatic protection element
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section 30 which is a component of the electrostatic protec-
tion circuit is formed between the common wiring 24 on the
data bus line side and the external output electrode 18 on
each data bus line 4.

[0078] Next, a circuit structure and operation of the elec-
trostatic protection element sections 28 and 30 according to
this embodiment is described with reference to FIG. 2a. It
will be noted that since the structure and operation of the
electrostatic protection element section 28 and the electro-
static protection element section 30 are the same, hereinaf-
ter, the electrostatic protection element section 28 is
described as an example. The electrostatic protection ele-
ment section 28 has a TFT 32, a first resistor 34 and a second
resistor 36. A source electrode (S) of the TFT 32 which is an
electrostatic protection element is connected to the external
output electrode 16 on the gate bus line 2. On the other hand,
a drain electrode (D) is connected to the common wiring 22.
A gate electrode (G) of the TFT 32 is connected to the
external output electrode 16 by the first resistor 34 and at the
same time, the gate electrode (G) of the TFT 32 is connected
to the common wiring 22 by the second resistor 36. When a
positive high voltage generates to the bus line with respect
to the common wiring 22 due to static electricity, the voltage
with the value which divides the high voltage generated due
to the static electricity with the first resistor 34 and the
second resistor 36 is applied to the gate electrode (G) of the
TFT 32. As a result, since the conductivity of the TFT 32
rapidly increases, electric charges due to static electricity are
released via the TFT 32. At this time, the electric charges are
released not only via the TFT 32 but also via the first and the
second resistors 34 and 36. The current flowing in the TFT
32 is relieved in comparison with the case where the TFT is
a single unit as shown in FIGS. 29a and 29b and is further
superior in redundancy as the electrostatic protection ele-
ment to a protection circuit shown in FIG. 30. Therefore, the
liquid crystal display having the electrostatic protection
circuit which is not easily destroyed by static electricity and
in which TFT tests can also be sufficiently performed can be
fabricated.

[0079] Next, a circuit structure of the electrostatic protec-
tion element sections 28(=30) according to another example
is described with reference to FIG. 2b. The electrostatic
protection element section 28 has the TFT 32, the first
resistor 34, the second resistor 36, a conductor 42, and a
capacitor 100.

[0080] The gate electrode (G) of the TFT 32 is connected
to the conductor 42 which is electrically insulated from
either the external output electrode 16 of the bus line 2 or the
common wiring 22. The first resistor 34 is connected
between the external output electrode 16 and the conductor
42. The second resistor 36 is connected between the com-
mon wiring 22 and the conductor 42.

[0081] The capacitor 100 is formed between the conductor
42 and the gate electrode (G) of the TFT 32. When static
electricity is generated, the operation of the TFT 32 becomes
gentle due to the capacitor 100. Further, since the capacitor
100 is added, the redundancy against defects due to shortage
is also improved.

[0082] Next, a liquid crystal display according to a second
embodiment of the present invention is described with
reference to FIG. 3 through FIG. 5. Since a schematic
structure of this liquid crystal display is similar to FIG. 1
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used in the first embodiment, description is omitted, and a
circuit structure of the electrostatic protection element sec-
tions 28 and 30 which are characteristic components is
described with reference to FIG. 3. The electrostatic pro-
tection element section 28 has the first through the third
TET’s 32, 38 and 40, and a conductor 42. The source
electrode (S) of the first TFT 32 which is the electrostatic
protection element is connected to the external output elec-
trode 16 of the bus line 2, and the drain electrode (D) on the
other side is connected to the common wiring 22. The gate
electrode (G) of the first TFT 32 is connected to the
conductor 42 which is electrically insulated from either the
external output electrode 16 of the bus line 2 or the common
wiring 22. On the other hand, the source electrode (S) of the
second TFT 38 is connected to the external output electrode
16 and the drain electrode (D) on the other side is connected
to the conductor 42. Further, the drain electrode (D) of the
third TFT 40 is connected to the conductor 42 and the source
electrode (S) on the other side is connected to the common
wiring 22. Furthermore, the gate electrode (G) of the second
and the third TFT’s 38 and 40 are not connected to any
patterns and are isolated. When a positive high voltage is
generated to the bus line with respect to the common wiring
22 by static electricity, a high voltage internally divided by
each parasitic capacitor (C2,,, C2,4, C3,,, C3,) is applied
to the gate electrodes (G) of the second and the third TFT”s
38 and 40 and a channel is formed in the second and third
TFT’s 38 and 40. As a result, the current flows through the
second and the third TFT’s 38 and 40, and the potential of
the conductor 42 also increases. Hence, a channel is formed
in the first TFT 32 and the conductivity increases, thereby
releasing the electric charges due 1o static electricity.
According to this embodiment, since the current preliminar-
ily flows to the second and the third TFT’s 38 and 40 in this
manner, a load on the first TFT 32 is reduced and the
redundancy of the electrostatic protection circuit can be
improved. Further, the gate electrode (G) of the first TFT 32
is connected to the external output electrodes 16 and 18 via
the capacitors and to the common wirings 22 and 24 of the
short ring 20, and the potential of the gate electrode (G)
gently varies for only the time required to charge and
discharge these capacitors. Therefore, according to the struc-
ture in this embodiment, gentle static electricity can be
sufficiently dealt with.

[0083] Since the electric charges are released through a
plurality of paths in this manner, in comparison with the case
in the past where there is a single TFT, the load to the first
TFT is relieved. Further, since the redundancy as the elec-
trostatic protection element increases, the liquid crystal
display having the electrostatic protection circuit which is
not easily destroyed by static electricity and in which TFT
tests can also be performed sufficiently can be fabricated.

[0084] Next, a structure of the electrostatic protection
circuit according to this embodiment is described with
reference to FIGS. 4a, 4b and 4c. FIG. 4a shows a single
electrostatic protection circuit on the substrate 1 on the array
side viewing toward the substrate surface. FIG. 4b shows a
cross section cut at a line A-A' in FIG. 4a. FIG, 4¢ shows
a cross section cut at a line B-B' in FIG. 4a.

[0085] In FIG. 4a, the electrostatic protection element
section 28 (or 30, hereinafter, description omitted) is formed
between the common wiring 22 (or 24, hereinafter, descrip-
tion omitted) extending vertically in the left side of the
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diagram and the external output clectrode 16 (or 18, here-
inafter, description omitted). As shown in FIGS. 4b and 4c,
when the gate bus line 2 and the gate electrode of the TFT
6 (refer to FIG. 1) in the pixel area are formed on a glass
substrate 50, the gate electrodes (G) of the first through the
third TFT’s 32, 38 and 40 are also simultaneously formed.
The gate electrodes (G) of the second and the third TFT’s 38
and 40 are formed electrically floated from other wiring
structures. A gate insulation film 52 is formed on the gate
electrodes (G) and the glass substrate 50. An operating
semiconductor layer 44 made of a-Si is patterned individu-
ally on the gate insulation film 52 formed on each gate
electrode (G) of the first through the third TFT’s 32, 38 and
40. The data (drain) bus line 4 and a source/drain electrode
patterned when simultaneously forming the external output
electrode 16 are formed on both sides sandwiching each
operating semiconductor layer 44. End portions of each
source/drain electrode lie over each operating semiconduc-
tor layer 44. When viewing toward the substrate surface, an
area, where the end portion of each source/drain electrode
and the lower layer gate electrode (G) overlap, is formed.
Further, the short ring 22 is also simultaneously formed
when the data bus line 4 is formed. A passivation film 54 is
formed on a whole surface of the element formation area.

[0086] A contact hole 56 is formed by removing the
passivation film 54 on substantially the center of the source/
drain electrode between the second and the third TFT’s 38
and 40. Similarly, a contact hole 58 is formed by removing
the gate insulation film 52 and the passivation film 54 on an
end portion of the gate electrode of the first TFT 32. A
portion substantially the center of the source/drain electrode
between the second and the third TFT’s 38 and 40 and the
gate electrode of the first TFT 32 are connected by an [TO
layer 43 constructing a part of the conductor via the two
contact holes 56 and 58. In this example, an I'TO layer 42
which is a component of the conductor 42 is simultaneously
formed when patterning the ITO as a transparent electrode
for forming a display electrode in each pixel area.

[0087] In the structure shown in FIGS. 4, 4b and 4c, both
of the external output electrodes 16 and 18 and the common
wirings 22 and 24 of the short ring 20 are formed simulta-
neously with the formation of the data bus line 4 and by the
same formation material as the data bus line 4. However, this
is not essential. For example, as shown in FIG. 5, the
external output electrodes 16 and 18 and the short rings 22
and 24 may also be formed simultaneously with the forma-
tion of the gate bus line 2 and by the same metal layer as the
gate bus line 2. FIG. 5 shows a state in which an electrostatic
protection circuit on the substrate 1 on the array side is
viewed toward the substrate surface. As shown in FIG. §, a
source electrode 70 of the first TFT 32 to be connected with
the external output electrodes 16 and 18 is connected at an
ITO layer 72 which is a layer when forming the display
electrode, via a contact hole 74 formed on an end portion of
the source electrode 70 and a contact hole 76 formed on the
external output electrodes 16 and 18. Similarly, a source
electrode 60 of the second TFT 38 to be connected with the
external output electrodes 16 and 18 is connected by an ITO
layer 62 which is a layer when forming the display electrode,
via a contact hole 64 formed on an end portion of the source
electrode 60 and a contact hole 66 formed on the external
output electrodes 16 and 18. Further, in the same manner, a
drain electrode 80 of the first TFT 32 to be connected with
the common wirings 22 and 24 of the short ring 20 and a
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source electrode 90 of the third TFT 40 are respectively
connected by ITO layers 82 and 92 which are layers when
forming the display electrode, via contact holes 84 and 94
formed on end portions of the drain electrode 80 and the
source electrode 90 and contact holes 86 and 96 formed on
the common wirings 22 and 24 respectively.

[0088] Next, a liquid crystal display according to a third
embodiment of the present invention is described with
reference to FIG. 6. FIG. 6 shows a state of the electrostatic
protection circuit on the substrate 1 on the array side when
viewing toward the substrate surface. The liquid crystal
display according to this embodiment also has distinctive
characteristics in the electrostatic protection circuit and
since other components are the same as the components
described in the first embodiment with reference to FIG. 1,
descriptions for the other components are omitted. Further,
in the electrostatic protection element section, components
having the similar function and operation to the first and the
second embodiments are also referred by the same codes and
descriptions are omitted. The electrostatic protection circuit
according to this embodiment has a distinctive characteristic
in forming the electrostatic protection element sections 28
and 30 described in the second embodiment with reference
to FIGS. 44, 4b and 4c between the adjacent bus lines,
thereby not forming the short ring 20. In other words, the
source electrode of the first TFT 32 is connected to one of
the two adjacent bus lines 2 (or 4, hereinafter, description
omitted), and the drain electrode is connected to the other of
the two adjacent bus lines 2. Further, the source electrode of
the second TFT 38 is connected to one of the two adjacent
bus lines 2 and the source electrode of the third TFT 40 is
connected to the other of the two adjacent bus lines 2. Except
for the differences in the structure above, the similar effects
to the second embodiment can be obtained by the electro-
static protection circuit according to this embodiment.

[0089] Next, a liquid crystal display according to a fourth
embodiment of the present invention is described with
reference to FIG. 7 through FIG. 11. Since the schematic
structure of this liquid crystal display is similar to FIG. 1
used in the first embodiment, description is omitted, and the
circuit structure of the electrostatic protection element por-
tions 28 and 30 which are characteristic components is
described with reference to FIG. 7. However, components
exhibiting the similar functions and operations to the struc-
tures shown in FIGS. 3, 44, 4b and 4c are referred by the
same codes and descriptions are omitted.

[0090] The electrostatic protection element portion 28
according to this embodiment, as is the case in the second
embodiment, has the first through the third TFT’s 32, 38 and
40 and the conductor 42. The difference from the second
embodiment is to have a capacitor 100. The capacitor 100 is
formed between the conductor 42 and the gate electrode (G)
of the first TFT 32. When static electricity is generated, the
operation of the first TFT 32 becomes gentle due to the
capacitor 100 in comparison with the second and the third
TFT’s 38 and 40. Therefore, in the case of static electricity
generating sharp pulse-like variations in voltage, the current
first flows to the second and the third TFI’s 38 and 40,
thereby protecting the first TFT 32. Further, in the case of
static electricity generating a gentle increase in voltage,
following the second and the third TFT’s 38 and 40, the first
TFT 32 operates and contributes for releasing the electric
charges. According to this embodiment, since the current
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preliminarily flows to the second and the third TFT’s 38 and
40 in this manner, the load on the first TFT 32 is reduced and
the redundancy of the electrostatic protection circuit can be
improved. Furthermore, since the gate electrode (G) of the
first TFT 32 is connected with the external output electrodes
16 and 18 and the common wirings 22 and 24 of the short
ring 20 via the capacitor, the potential of the gate electrode
(G) varies gently for a time required to charge and discharge
these capacitors. Therefore, according to the structure in this
embodiment, gentle static electricity can be sufficiently dealt
with. Also, according to this embodiment, since the capaci-
tor 100 is inserted between the gate electrode (G) of the first
TFT 32 and the common conductor 42 between the second
and the third TFT’s 38 and 40, even if the difference in
potential between the external output electrodes 16 and 18
and the common wirings 22 and 24 of the short ring 20 is
reduced, a state of continuity can be kept still longer for a
time required to charge and discharge the capacitor 100, and
the efficiency in charge release can be further improved.
Further, since the capacitor 100 is added, the redundancy
against defects due to shortage is also improved. In this
embodiment, since the electric charges are also released
through a plurality of paths, the redundancy as the electro-
static protection element increases in comparison with the
case in the past where there is a single TFT, therefore the
protection circuit which is not easily destroyed by static
electricity can be formed.

[0091] Next, a structure of the electrostatic protection
circuit according to this embodiment is described with
reference to FIGS. 8a, 8b and 8c. FIG. 8a shows a state of
a single electrostatic protection circuit on the substrate 1 on
the array side when viewing toward the substrate. FIG. 8b
shows a cross section cut at a line A-A' in FIG. 8a. FIG. 8¢
shows a cross section cut at a line B-B' in FIG. 8a.

[0092] 1In FIG. 8a, the electrostatic protection element
portion 28 is formed between the common wiring 22 extend-
ing vertically in the left side of the diagram and the external
output electrode 16. As shown in FIGS. 8b and 8¢, when the
gate bus line 2 and the gate electrode of the TFT 6 (refer to
FIG. 1) in the pixel arca are formed, the gate clectrodes (G)
of the first through the third TFT’s 32, 38 and 40 are also
simultaneously formed on the glass substrate 50. The gate
electrodes (G) of the second and the third TET’s 38 and 40
are formed electrically floated from other wiring structures.
The gate insulation film 52 is formed on the gate electrodes
(G) and the glass substrate 50. The operating semiconductor
layer 44 made of a-Si is patterned individually on the gate
insulation film 52 formed on each gate electrode (G) of the
first through the third TFT’s. The source/drain electrode is
simultancously patterned when the data (drain) bus line 4
and external output electrode 16 are formed on both sides
sandwiching each of the operating semiconductor layer 44.
The end portions of each source/drain electrode are formed
lying over each operating semiconductor layer 44. Further,
the short ring 22 is also simultaneously formed when the
data bus line 4 is formed. The passivation film 54 is formed
on the whole surface of the element formation area.

[0093] The source/drain electrode between the second and
the third TFT’s 38 and 40 functions as the conductor 42 and
also forms the capacitor 100 between the source/drain
electrode and the gate electrode (G) of the first TFT 32
extending to the lower part of the conductor 42.
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[0094] In the structure shown in FIGS. 8a, 8b and 8¢, the
external output electrodes 16 and 18 and the short rings 22
and 24 are formed simultaneously with the formation of the
data bus line 4 and by the same formation material as the
data bus line 4. However, this is not essential. For example,
as shown in FIG. 9, the external output electrodes 16 and 18
and the short rings 22 and 24 may also be formed simulta-
neously by the same metal layer as the gate bus line 2 when
the gate bus line 2 is formed. The structure shown in FIG.
9 can be obtained by changing the connections of the wirings
in the same manner as described with reference to FIG. 5.

[0095] Next, an example of a variation of the electrostatic
protection circuit according to this embodiment is described
with reference to FIG. 10 and FIG. 11. In the first and the
second embodiments and this embodiment, the short ring 20
and the electrostatic protection element sections 28 and 30
are arranged outside the external output electrodes 16 and 18
on the substrate on the array side. Therefore, the short ring
20 and the electrostatic protection element sections 28 and
30 can be removed by a beveling process after panel
scribing. On the other hand, if the short ring 20 is arranged
inside the external output electrodes 16 and 18, the glass
substrate can be efficiently utilized without waste by reduc-
ing an area for scribing on the glass substrate. In this case,
the short ring 20 and the electrostatic protection element
sections 28 and 30 remain in the liquid crystal panel even
after panel scribing and each of the bus lines 2 and 4 is
short-circuited via the electrostatic protection circuit. How-
ever, the resistance is so large that an interference between
each bus line can be ignored and the quality of a product is
not at all affected. A position to form the short ring 20 can
be considered in the same manner as in all embodiments to
be described hereinafter.

[0096] FIG. 10 shows an example of the electrostatic
protection circuit structure forming the common wiring 24
of the short ring 20 inside the external output electrode 18
of the data bus line 4. The electrostatic protection element
section 30 is formed between the common wiring 24 extend-
ing vertically in the diagram and the pixel area (opposite side
of the external output electrode 18 with respect to the
common wiring 24) which is not identified in the diagram.
The gate electrodes (G) of the first through the third TFT’s
32, 38 and 40 are simultaneously formed on the glass
substrate 30 when the gate bus line 2 and the gate electrode
of the TFT 6 (refer to FIG. 1) in the pixel area are formed.
The gate electrodes (G) of the second and the third TFT’s 38
and 40 are formed electrically floated from the other wiring
structures. Further, the common wiring 24 is also formed
simultaneously when the gate bus line 2 is formed. The drain
electrode (D) of the first TFT 32 and the drain electrode (D)
of the third TFT 40 are connected to the common wiring 24
via a contact hole portion 77.

[0097] The source/drain electrode between the second and
the third TFT’s 38 and 40 functions as the conductor 42 and
also forms the capacitor 100 between the source/drain
electrode and the gate electrode (G) of the first TFT 32
extending to the lower part of the conductor 42.

[0098] Further, in this example, the channel lengths of the
second and the third TFT’s 38 and 40 are formed shorter
than the channel length of the first TFT 32. Thus, when static
electricity producing extremely sharp pulse-like voltage is
generated in the data line 4, the second or the third TFT’s 38
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or 40 are first destroyed before the first TFT 32 is destroyed,
thereby protecting the first TFT 32. Therefore, even if any
one of the second and the third TFT’s 38 and 40 is destroyed,
the data bus line 4 and the common wiring 24 do not directly
short-circuit and do not provide an obstacle in sequential
processes including TFT tests. Furthermore, in this example,
the channel lengths of the second and third TFT’s 38 and 40
are the same and are at the same time equal to approximately
half the channel length of the first TFT 32. Also, the channel
widths of the second and the third TFT 38 and 40 are the
same and are at the same time approximately the same width
as the channel width of the first TFT 32. Therefore, the
conductivity of the first TFT 32 and the conductivity of the
second and the third TFT’s 38 and 40 when observed serially
are approximately the same, and the current can be divided
into approximately halves by the first TFT 32 and the second
and the third TFT’s 38 and 40.

[0099] FIG. 11 shows an example of the electrostatic
protection circuit structure forming the common wiring 22
of the short ring 20 inside the external output electrode 16
of the gate bus line 2. The electrostatic protection element
section 28 is formed between the common wiring 22 extend-
ing vertically in the diagram and the pixel area (opposite side
of the external output electrode 16 with respect to the
common wiring 22) which is not identified in the diagram.
The gate electrodes (G) of the first through the third TFT’s
32, 38 and 40 are simultaneously formed on the glass
substrate 50 when the gate bus line 2 and the gate electrode
of the TFT 6 (refer to FIG. 1) in the pixel area are formed.
The gate electrodes (G) of the second and the third TFT’s 30
and 40 are formed electrically floated from the other wiring
structures.

[0100] The source/drain electrodes of the first through the
third TFT’s 32, 38 and 40 and the common wiring 22 are
formed simultaneously with the formation of the data bus
line and by the same formation material as the data bus line.
The source electrode (S) of the first TFT and the source
¢lectrode (S) of the second TFT 38 are connected to the gate
bus line 2 via contact hole portions 78 and 79 respectively.

[0101] The source/drain electrode between the second and
the third TFT’s 38 and 40 functions as the conductor 42 and
also forms the capacitor 100 between the source/drain
electrode and the gate electrode (G) of the first TFT extend-
ing to the lower part of the conductor 42.

[0102] Further, in this example, as is the case shown in
FIG. 10, the channel lengths of the second and third TFT’s
38 and 40 are the same and are at the same time equal to
approximately half the channel length of the first TFT 32.
Also, the channel widths of the second and the third TFT 38
and 40 are the same and are at the same time approximately
the same width as the channel width of the first TFT 32.
Therefore, the conductivity of the first TFT 32 and the
conductivity of the second and the third TFT’s 38 and 40
when observed serially are approximately the same, and the
current can be divided into approximately halves by the first
TFT 32 and the second and the third TFT’s 38 and 40.

[0103] Next, a liquid crystal display according to a fifth
embodiment of the present invention is described with
reference to FIG. 12 and FIG. 13. While in the first through
the fourth embodiments described above, a set of electro-
static protection element sections are respectively formed in
each bus line, the liquid crystal display holding the elements
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formed in the electrostatic protection element section in
common as much as possible and reducing the number of
whole elements is shown in this embodiment. When a
generation ratio of component defects, an area occupied by
the elements and the like are considered, reducing the
number of structuring elements as much as possible is more
desirable.

[0104] A circuit of the electrostatic protection element
section according to this embodiment is shown in FIG. 12.
As shown in FIG. 12, in electrostatic protection element
sections 28-1 and 28-2 (or 30-1 and 30-2), TFT’s 32-1 and
32-2 and the first resistors 34-1 and 34-2 are formed at each
of the external output electrodes 16-1 and 16-2 (or 18-1 and
18-2). The second resistor 36 is not formed in each of the
element sections 28-1 and 28-2. Instead, the conductor 42,
to which the electrodes (G) of the first TFT’s 32-1 and 32-2
are connected, and the common wirings 22 and 24 are
connected at a single common resistor 37 as the second
resistor. By providing the common resistor 37, the number
of elements structuring the electrostatic protection element
sections can be reduced to % in comparison with the first
through the fourth embodiments.

[0105] Forexample, if a positive high voltage is generated
in the bus line of the external output electrode 16 against the
common wiring 22 due to static electricity, the voltage value
obtained by dividing the high voltage generated due to static
electricity by the first resistor 34-1 and the common resistor
37 is applied to the gate electrodes (G) of TFT’s 32-1 and
32-2. As a result, since the conductivity of TFT’s 32-1 and
32-2 rapidly increase, the electric charges due to static
electricity is released via TFT°s 32-1 and 32-2. At this time,
since the electric charges are released not only via TFT’s
32-1 and 32-2 but also via the first resistors 34-1 and 34-2
and the common resister 37 and the current flowing through
the TFT 32-1 is relieved, the redundancy as the electrostatic
protection element increases, thereby realizing the electro-
static protection circuit which is not easily destroyed by
static electricity.

[0106] Next, an example of a variation of this embodiment
is described with reference to FIG. 13. In order to reduce the
number of elements structuring the electrostatic protection
circuits as much as possible, the structure shown in FIG. 12
is further proceeded. The structure shown in FIG. 13 has a
distinctive characteristic in using a single common resistor
37 in common among the electrostatic protection element
sections 28-1 through 28-# (or 30-1 through 30-#) of more
than n (n is an integer of more than 3) bus lines.

[0107] In the electrostatic protection element sections
28-1 through 28-n provided at each of the external output
electrodes 16-1 through 16-n, TFT’s 32-1 through 32-n and
the first resistor 34-1 through 34-n are respectively formed.
The second resistor 36 is not formed in each of the element
sections 21-1 through 28-n. Instead, the conductor 42 to
which the gate electrodes (G) of the first TFT’s 32-1 through
32-n are connected and the common wirings 22 and 24 are
connected by the common resistor 37 as the single second
resistor in place of individual second resistors.

[0108] If the common resistor 37 is used in place of
individual second resistors in the electrostatic protection
element sections 28 and 30 of all the bus lines, the number
of structuring elements per a bus line can be approximately
2 and the number of elements used in the electrostatic

Feb. 12, 2004

protection circuits according to the first embodiment can be
reduced to approximately half.

[0109] Next, a liquid crystal according to a sixth embodi-
ment of the present invention is described with reference to
FIG. 14 through FIG. 17. While in the liquid crystal display
according to the second embodiment above, a set of elec-
trostatic protection element sections are respectively formed
in each bus line, in this embodiment as is the case in the fifth
embodiment, the liquid crystal display holding the elements
formed in the electrostatic protection element section in
common as much as possible and reducing the number of
whole elements is shown.

[0110] A circuit of the electrostatic protection element
section according to this embodiment is shown in FIG. 14.
As shown in FIG. 14, in electrostatic protection element
sections 28-1 and 28-2 (or 30-1 and 30-2), the first TFT’s
32-1 and 32-2 and the second TFT’s 38-1 and 38-2 are
formed at each of the external output electrodes 16-2 and
16-2 (or 18-1 and 18-2). The third TFT 40 is not formed in
cach of the element sections 28-1 and 28-2. Instead, the
conductor 42 to which the electrodes (G) of the first TFT’s
32-1 and 32-2 are connected and the common wirings 22 and
24 are connected at a common TFT 41 as the single third
TFT in place of the third individual TFT. By providing the
common TFT 41, the number of elements structuring the
electrostatic protection element sections can be reduced to
¥ in comparison with the first through the fourth embodi-
ments.

[0111] Forexample, if a positive high voltage is generated
in the bus line of the external output electrode 16-1 against
the common wiring 22 due to static electricity, the high
voltage interior-divided by each parasitic capacitor (C2,
C2,4, Cey,, Cc,y) is applied to the second TFT 38-1 and the
gate clectrode (G) of the common TFT 41 and channels are
formed in the second TFT 38-1 and the common TFT 41. As
a result, the current flows through the second TFT 38-1 and
the common TFT 41, and the potential of the conductor 42
also increases. Hence, a channel is formed in the first TET
32-1 and the conductivity increases, thereby releasing the
electric charges due to static electricity. Since the electric
charges are also released through a plurality of paths in this
case, the amount of the electric charges flowing in the first
TFT 32 is relieved in comparison with the case in the past
having a single TFT. Therefore, the redundancy as the
electrostatic protection element increases and the protection
circuit which can not be easily destroyed by static electricity
can be formed.

[0112] Next, the structure of the electrostatic protection
circuit according to this embodiment is described with
reference to FIG. 15. FIG. 15 shows a state of a single
electrostatic protection circuit on the substrate 1 on the array
side when viewing toward the substrate surface. In FIG. 15,
the electrostatic protection element sections 28-1 and 28-2
are formed between the common wiring 22 extending ver-
tically on the left side of the diagram and the external output
electrodes 16-1 and 16-2.

[0113] Inthis example, the conductor 42 extends vertically
in the diagram and is connected to the first TFT 32-1 of the
electrostatic protection element section 28-1 side by the [TO
layer 43 via contact holes 56-1 and 58-1. Further, the
conductor 42 is connected to the first TFT 32-2 of the
electrostatic protection element section 28-2 side by the [TO
layer 43 via contact holes 56-2 and 58-2.
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[0114] The operating semiconductor layer 44 made of a-Si
is patterned on the gate insulation film on the gate electrode
(G) of the common TFT 41. The drain electrode (D) of the
common TFT 41 pulled out from substantially the center
portion of the conductor 42 is connected at both sides
sandwiching the operating semiconductor layer 44. The
source electrode of the common TFT 41 is connected to the
common wirings 22 and 24. End portions of the source/drain
electrode of the common TFT 41 lie over the operating
semiconductor layer 44 and areas where end portions of
each source/drain electrode and the under-layer gate elec-
trodes (G) overlap are formed. The conductor 42, the exter-
nal output electrodes 16-1 and 16-2 and the common wirings
22 and 24 are simultaneously formed when the data bus line
4 is formed.

[0115] Next, an example of a variation of this embodiment
is described with reference to FIG. 16. In order to reduce the
number of elements structuring the electrostatic protection
circuits as many as possible, the structure shown in FIG. 15
is further proceeded. The structure shown in FIG. 16 has a
distinctive characteristic in using a single common TFT 41
among the electrostatic protection element sections 28-1
through 28-n (or 30-1 through 30-n) of more than n (n is an
integer of more than 3) bus lines.

[0116] Inthe electrostatic protection element sections 28-1
through 28-# provided at each of the external output elec-
trodes 16-1 through 16-#, the first TFT’s 32-1 through 32-n
and the second TFI’s 38-1 through 38-n are respectively
formed. The third TFT 40 is not formed in each of the
element sections 28-1 through 28-x. Instead, the conductor
42 to which the gate clectrodes (G) of the first TFT’s 32-1
through 32-# are connected and the common wirings 22 and
24 are connected at the common TFT 41 as the single third
TFT in place of individual third TFT.

[0117] If the common TFT 41 is used in place of the third
TFT 40 in the electrostatic protection element sections 28
and 30 of all the bus lines, the number of structuring
elements per a bus line can be approximately 2 and the
number of elements used in the electrostatic protection
circuits according to the second embodiment can be reduced
to approximately half.

[0118] Next, the structure of the electrostatic protection
circuit according to this embodiment is described with
reference to FIG. 17. FIG. 17 shows a state of a single
electrostatic protection circuit on the substrate 1 on the array
side when viewing toward the substrate surface. In FIG. 17,
the electrostatic protection element sections 28-1 and 28-n
are formed between the common wiring 22 extending ver-
tically in the left side on the diagram and the external output
electrodes 16-1 and 16-.

[0119] Inthis example, the conductor 42 extends vertically
in the diagram and is connected to the gate electrodes of a
plurality of the first TFT’s 32-1 through 32-n. Further, the
second TFI’s 38-1 through 38-n are connected to the
conductor 42 by the I'TO layer 43 via contact holes. Since the
structure of the common TFT 41 is the same as the structure
described with reference to FIG. 15, description is omitted.
The drain electrode of the common TFT 41 is connected to
the conductor 42 by the ITO layer 43 via contact holes and
the source electrode is connected to the common wirings 22
and 24.

[0120] Next, a liquid crystal display according to a sev-
enth embodiment of the present invention is described with
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reference to FIG. 18 through FIG. 21. While a set of
electrostatic protection element sections are respectively
formed in each bus line in the liquid crystal display accord-
ing to the third embodiment above, in this embodiment as is
the case in the fifth and sixth embodiments, the liquid crystal
display holding the elements formed in the electrostatic
protection element section in common as much as possible
and reducing the number of whole elements is shown.

[0121] The circuit of the electrostatic protection element
section according to this embodiment is shown in FIG. 18.
As shown in FIG. 18, capacitors 100-1 and 100-2 are
formed in each of the electrostatic protection element sec-
tions 28-1 and 28-2. The third TFT 40 is not formed in each
of the element sections 28-1 and 28-2. Instead, the conductor
42 to which the electrodes (G) of the first TFT’s 32-1 and
32-2 are connected and the common wirings 22 and 24 are
connected at a common TFT 41 as the single third TFT in
place of the third individual TFT. By providing the common
TFT 41, the number of elements structuring the electrostatic
protection element sections can be reduced to ¥ in com-
parison with the first through the fourth embodiments.

[0122] According to this embodiment, by having the
capacitor 100, operations of the first TFT’s 32-1 and 32-2
when static electricity is generated also become gentle in
comparison with operations of the second TFI’s 38-1 and
38-2 and the common TFT 41. Therefore, in the case of
static electricity generating sharp pulse-like variations in
voltage, the current first flows to the second TFT’s 38-1 and
38-2 and the common TFT 41, thereby protecting the first
TFT’s 32-1 and 32-2. Further, in the case of static electricity
gently increasing in voltage, the first TFT’s 32-1 and 32-2
operate following the second TFT’s 38-1 and 38-2 and the
common TFT 41 and contribute to the release of the electric
charge. According to this embodiment, since the current
preliminarily flows to the second TFT’s 38-1 and 38-2 and
the common TFT 41, the load on the first TFT’s 32-1 and
32-2 is reduced, thereby increasing the redundancy of the
electrostatic protection circuit. Further, the gate electrodes
of the first TFT’s 32-1 and 32-2 are respectively connected
with the external output electrodes 16-1, 18-1, 16-2 and 18-2
and the common wirings 22 and 24 of the short ring 20 via
the capacitors, and the potential of the gate electrode (G)
gently varies for a time required to charge and discharge
these capacitors. Therefore, according to the structure of this
embodiment, even gentle static electricity can be sufficiently
dealt with. Furthermore, in this embodiment, since the
capacitors 100-1 and 100-2 are inserted between the gate
electrodes (G) of the first TFT’s 32-1 and 32-2 and the
common conductor 42 between the second TFI’s 38-1 and
38-2 and the common TFT 41, even if the potential differ-
ence between the external output electrodes 16 and 18 and
the common wirings 22 and 24 of the short ring 20 is
reduced, continuity state can be maintained still longer for a
time required to charge and discharge the capacitors 100-1
and 100-2, thereby further improving the efficiency of
charge release. Also, by adding the capacitors 100-1 and
100-2, the redundancy against defects due to shortage is
improved. Since the electric charges are also released
through a plurality of paths in this embodiment, the redun-
dancy as the electrostatic protection element increases in
comparison with the case in the past having a single TFT and
destruction of elements due to static electricity does not
easily occur.
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[0123] Next, the structure of the electrostatic protection
circuit according to this embodiment is described with
reference to FIG. 19. FIG. 19 shows a state of a single
electrostatic protection circuit on the substrate 1 on the array
side when viewing toward the substrate. The first distinctive
characteristic of the structure shown in FIG. 19, with respect
to the structure shown in FIG. 15 is that the capacitors 100-1
and 100-2 are formed by positioning the gate electrodes of
the first TFT°s 32-1 and 32-2 at the lower layer of the
conductor 42 via the insulation film. Since other structures
are the same as the structure shown in FIG. 15, description
is omitted.

[0124] Next, an example of a variation of this embodiment
is described with reference to FIG. 20 and FIG. 21. In order
to reduce the number of elements structuring the electro-
static protection circuits as many as possible, the structure
shown in FIG. 18 is further proceeded. The structures shown
in FIGS. 20 and 21 have a distinctive characteristic in using
a single common TFT 41 among the electrostatic protection
element sections 28-1 through 28-n (or 30-1 through 30-x)
of more than n (n is an integer of more than 3) bus lines. The
distinctive characteristic of the circuit structure and element
structure shown in FIGS. 20 and 21, with respect to the
circuit structure and element structure shown in FIGS. 16
and 17, is that the capacitors 100-1 through 100-n are
formed by positioning the gate electrodes of the first TFT’s
32-1 through 32-# at the lower layer of the conductor 42 via
the insulation film. Since other structures are the same as the
structures shown in FIGS. 16 and 17, description is omitted.

[0125] In the fabrication process of the TFT for the
substrate 1 on the array side where the electrostatic protec-
tion circuit according to the first through the seventh
embodiments described above is formed, the quality of the
panel may be judged by an open/short inspection (O/S
inspection), not by a TFT test, for simply detecting a
disconnection/shortage of the bus line. In this case, in order
to detect an interlayer shortage, the common wiring 22 of the
short ring 20 on the gate bus line 2 side and the common
wiring 24 on the data bus line 4 side are required to be
electrically separated by a high resistive component.
Accordingly, the structure shown in FIG. 22 can be taken as
an example. In FIG. 22, for example, an interlayer separa-
tion portion 23 having the similar structure to the electro-
static protection element portions 28 and 30 described with
reference to FIG. 2 through FIG. 11 in the first through the
fourth embodiments is formed at an intersection of the
common wiring 22 and the common wiring 24.

[0126] Further, as shown in FIG. 22, by connecting either
the common wiring 22 or 24 (the common wirings 22 in
FIG. 22) of the short ring 20 to, for example, the common
electrode 12 on the opposing substrate side or to a connect-
ing terminal 25 connected to ground, the TFT’s and the bus
lines can also be protected even more certainly from
obstacles due to static electricity.

[0127] Next, a liquid crystal display according to an eighth
embodiment of the present invention is described. To begin
with, a fabrication process of the substrate on the array side
for a TFT-LCD used in this embodiment is briefly described.
First, a gate metal is deposited and patterned on the substrate
on the array side, and the gate bus line and the gate electrode
of the TFT in each pixel area are formed. Second, the gate
insulation film is formed on the whole surface and an a-Si
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layer to be an operating semiconductor film of the TFT and
an insulation film for forming a channel protection film are
deposited in this order on the gate insulation film. Third, by
a back exposure using the bus line and the gate electrode as
a mask and an exposure using an ordinary mask to electri-
cally separate the a-Si layer from the pixel area, the above
insulation film is patterned and the channel protection film
is formed. Fourth, an n* layer to be an ohmic contact layer,
the drain/source electrodes and a drain metal (for example,
Ti (titanium)) layer to form the data bus line are formed in
this order on the whole surface. Fifth, the n* layer and the
drain metal layer are patterned and the drain/source elec-
trodes and the data bus line are formed. Sixth, the passiva-
tion film (for example, SiN film (silicon nitride film) is
formed and then patterned, and a contact hole is formed at
a predetermined position on the passivation film. Seventh,
by depositing the ITO on the whole surface and then
patterning, the pixel electrode is formed. In the above
process, the exposure process is included in the first, third,
fifth, sixth and seventh processes, resulting in a five-mask
process using five masks in total.

[0128] The electrostatic protection circuit of this liquid
crystal display formed including the above processes is
described in detail with reference to FIGS. 234 through 27.
It will be noted that, in this embodiment, the structuring
elements having the same function and operation as in the
first through the seventh embodiments are designated by the
same codes.

[0129] FIG. 23a shows a state of the substrate on the array
side when viewing toward the substrate. FIG. 23b shows a
cross section cut at a line A-A' in FIG. 234. FIGS. 23a and
23b show a state of the external output electrode 18 pulled
out of the data bus line 4 (not shown) on the substrate 1
which is a glass substrate on the array side and formed. The
electrostatic protection element section 30 is formed at a tip
of the external output electrode 18, and the external output
electrode 18 and the common wiring 24 of the short ring 20
are connected via the electrostatic protection element section
30. Although omitted in the diagram, the structures of the
gate bus line 2 and its external output electrode 16 are
similar to the structures above.

[0130] As shown in FIG. 23b, the gate insulation film 52
according to the second process above is formed on the
substrate 1 on the array side. The drain metal layer according
to the fourth process is patterned and the external output
electrode 18 and the common wiring 24 are formed on the
gate nsulation film 52. Further, a metal layer 200 which
patterns the drain metal layer constructing a part of the
electrostatic protection element section 30 is formed on the
opposite side of the external output electrode 18 and the
common wiring 24. The passivation film 54 is embedded
between both end portions of the opposing metal layer 200
and the end portions are electrically separated. Contact holes
98 which open the passivation film 54 are respectively
formed on both end portions of the opposing metal layer
200. The ITO layer 43 which is a conductive film deposited
in the seventh process is patterned on the interior walls of the
two contact holes and between the contact holes, and the two
opposing metal layers 200 are electrically connected by the
ITO layer 43. In this case, the lower layer drain metal (Ti)
and the upper layer metal (ITO) form an ohmic connection
and a resistive component varies depending on the size of
the contact hole. When Ti is used for the lower layer metal,
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a heat treatment (for example, approximately 180° C.
through 215° C.) is performed before depositing the ITO and
when the diameter of the contact hole 98 is ¢=4 um, the
resistive component to be formed is 7 to 8 k€. Since the
contact hole 98 is formed in the sixth process above and the
ITO film is also formed in the seventh process, the electro-
static protection circuit can be formed without changing the
conventional fabrication processes at all.

[0131] FIGS. 24a and 24b show examples of variation of
this embodiment which serially connects a plurality of
contact holes 98 in order to make the electrostatic protection
element section 30 to have a high resist. In FIG. 244, a
plurality of island-like metal layers 202 are further formed
between the two opposing metal layers 200 where the tips
are arranged on the opposing sides of the external output
electrode 18 and the common wiring 24. The contact holes
98 are formed on the passivation film 54 on both end
portions of the plurality of metal layers 202 lined up linearly.
The adjacent metal layers 200 and 202 are electrically
connected by the ITO layer 43 via the contact holes 98.

[0132] In the structure shown in FIG. 24b, electrically
floated island-like metal layers 204 are arranged adjacent to
each opposing end portion of the metal layers 200 and 202
lined up linearly, and the contact holes 98 are formed on both
end portions of the metal layers 204. Each opposing end
portion of the metal layers 200 and 202 is connected at the
connection layer of the ITO layer 43 via the metal layer 204
and the contact holes 98. By arranging the electrostatic
protection element section 30 in a zigzag line in this manner,
the distance between the common wiring 24 and the external
output electrode 18 can be reduced.

[0133] When reading the electric charges charged between
the pixel electrode and the common electrode by an array
inspection device using an integration circuit, the resistance
value of more than 100 kQ is desired as an isolation
resistance. Therefore, if the number of the contact holes 98
are more than 14 by adopting the structure shown in FIGS.
244 and 24b, the electrostatic protection circuit which does
not affect the array inspection can be realized. Thus, accord-
ing to this embodiment, the electrostatic protection circuit
having an arbitrary value of resistive component can be
formed by connecting a plurality of steps of the resistors via
the contact holes.

[0134] Next, an example of a variation which makes the
lower layer metal as a multi-layer structure in the electro-
static protection element section according to this embodi-
ment is described with reference to FIG. 25. FIG. 25 shows
cross sections of the electrostatic protection element section
in the formation process. A column (A) shows the gate bus
line side and a column (B) shows the data bus line side.
Further, a row (a) through a row (¢) show treatments in ¢ach
process. First, in (a) of FIG. 25, when the gate bus line and
the gate electrode of the TFT are formed on the substrate 1
on the array side which is the glass substrate, a metal layer
200g¢ of the electrostatic protection element section 28 on the
gate bus line 2 side is simultaneously formed by gate metal.
When forming the metal layer 200g, the common wiring 22
of the short ring 20 can also be simultaneously formed by
gate metal, Next, the gate insulation film 52 is formed on the
whole surface by using, for example, SiN (silicon nitride).

[0135] Next, as shown in (b) of FIG. 25, when forming the
data bus line 4 and the drain/source electrodes of the TFT,
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a metal layer 2004 of the electrostatic protection element
section 30 on the data bus line 4 side is simultaneously
formed by using drain metal. The drain metal layer is
constructed by Ti/Al/Ti in order from the lower layer.
Further, the common wiring 24 of the short ring 20 can also
be formed by drain metal simultaneously when forming the
metal layer 2004. Next, the passivation film 54 is formed on
the whole surface.

[0136] Next, as shown in (c) of FIG. 25, the contact hole
98 is formed by opening the passivation film 54 on the metal
layers on the metal layers 200g and 200d. Further, as shown
in (d) of FIG. 25, the contact hole 98 where the upper
portion of the metal layer 200g exposes is formed by etching
the gate insulation film 52 on the metal layer 200g. In the
process which collectively etches the passivation film 54 and
the gate insulation film 52, the top drain metal layer, the Ti
layer, functions as an etching stopper during the etching of
the gate insulation film 42. At this time, if the thickness of
the top drain metal layer Ti is thin, the underlying Al layer
may be exposed.

[0137] Next, as shown in (e) of FIG. 25, the ITO layer 43
is formed by patterning the ITO when forming the display
electrode so that the adjacent metal layers 200, 202 and the
like are electrically connected via the contact hole 98. At this
time, since an [TO layer 43a and the Al layer of the metal
layer 200d form a shot-key connection and the ring-shaped
Ti layer remained in the contact hole 98 and an ITO layer
43b form an ohmic connection, an overall contact resistance
can be increased. for example, when the drain metal is Ti(20
nm)/Al(75 nm)/Ti(20 nm), the contact resistance per a
contact hole on the metal layer 2004 is equal to 35 to 36 k2
and if 3 or 4 of the metal layers 2004 are serially connected,
a state possible for the array inspection can be obtained.

[0138] It will be noted that by varying the temperature of
the heat treatment under the condition that the metal layer is
exposed at the bottom of the contact hole 98 and it is before
forming the ITO layer 43, the contact resistance of the
metal/ITO can be varied. When an element having much
higher resistance is required, the baking temperature may be
increased.

[0139] The resistance value of the resistive component
formed in this manner can be more than 10 M€. Even if the
scanning signal, picture signal or the like is applied to each
bus line after the panel is completed, the adjacent bus lines
can not be affected due to this high resistive component.
Therefore, these high resistive components can be remained
in the panel after the panel is completed. Thus, obstacles due
to static electricity in the unit assembly process after the
panel is completed can be prevented, therefore the liquid
crystal display can be fabricated at a much higher vield and
the reliability of the display can be improved.

[0140] Although this embodiment described that the resis-
tive components with the arbitrary resistance value can be
arranged by lining up a plurality of the contact holes 98
linearly between each of the bus lines 2 and 4 and the short
ring 20 (the common wiring 22 and 24), this embodiment is
not limited to this and as shown in FIG. 26, the structure
according to this embodiment can be formed between the
adjacent gate bus lines 2 or the adjacent data bus lines 4. In
this case, the electrostatic protection circuit can also be
remained in the panel after the panel is completed by
connecting the areas between the contact holes arranged on
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the metal layers 200, 202 and the like using the ITO layer
and by forming sufficiently high resistive elements. The
electrostatic protection element portion according to this
embodiment can certainly be formed without changing the
fabrication process not only between the adjacent bus lines
but also at an arbitrary position requiring the high resistive
component.

[0141] Further, in the TFT fabrication process, the quality
of the panel may be judged by the open/short inspection
(O/S inspection) for simply detecting a disconnection/short-
age of the bus line without the use of the array inspection.
In this case, in order to detect an interlayer shortage, the
common wiring 22 of the short ring 20 on the gate bus line
2 side and the common wiring 24 on the data bus line 4 side
are required to be separated by the high resistive component.
Accordingly, the structure shown in FIG. 27 can be taken as
an example. In the area indicated by the dotted lines 120 in
FIG. 27, a connecting state of the common wiring 22 of the
short ring 20 and the common wiring 24 is shown. As shown
in FIG. 27, by connecting a contact hole 121 where the end
portion of the common wiring 22 formed by patterning the
gate metal layer exposes and a contact hole 122 where the
end portion of the common wiring 22 formed by patterning
the drain metal layer exposes by the ITO layer 43, the high
resistive portion can easily be formed at the end portion of
connection. In the formation of the high resistive portion in
the contact hole 122, the resistance value can arbitrarily be
adjusted by employing the method described in (d) and (¢)
of FIG. 25 above.

[0142] Tt should be noted that in the embodiment above,
although the silicon nitride film is used as the insulation film,
a silicon oxide film (SiO, film) can certainly be used. Also,
in the embodiment above, although the ITO is used for the
connection layer between the contact holes 98, this embodi-
ment is not limited to this and other materials relatively high
in resistance value may certainly be used. Further, although
the layered structure of Ti/Al/Ti is used as the drain metal,
molybdenum (Mo), tungsten (W), tantalum (Ta) and their
alloy, or their nitride oxide can be used instead of Ti for the
upper metal layer, and copper (Cu), Al alloy, Cu alloy and
the like can be used instead of Al for the middle layer.

[0143] Tt should be noted that the each of the structures
described in FIGS. 23 through 27 in the embodiment above
can apply to the interlayer separation portion 23 shown in
FIG. 22.

[0144] As described above, according to this embodiment,
since the high resistive component can easily be formed and
still the resistance value can be controlled, the device
destruction due to static electricity can be prevented and the
array inspection can be highly accurately performed as well.
Further, since the destruction of static electricity in the unit
assembly process can be dealt with after the panel is
completed, an increase in production volume owing to the
improvement in fabrication yield and still highly reliable
display can be provided.

[0145] As described above, according to the present
invention, the liquid crystal display provided with the elec-
trostatic protection circuit superior in redundancy can be
realized. Further, according to the present invention, the
liquid crystal display provided with the sufficient protection
function against static electricity in which relatively low
voltage generates for a long period of time can be realized.
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[0146] Furthermore, according to the present invention,
the liquid crystal display enabling to take measures against
static electricity until the final stage of the substrate assem-
bly process can be realized. Also, according to the present
invention, the liquid crystal display in which the electro-
static protection element portion does not affect the size of
the panel can be realized. Further, according to the present
invention, the liquid crystal display having the electrostatic
protection element section in which the element structure is
simple and not unfavorable in controlling the current can be
realized.

What is claimed is:
1. An active matrix type liquid crystal display comprising:

a switching element formed for each of a plurality of
pixels decided by a plurality of bus lines;

a short ring connected to the plurality of bus lines; and

an electrostatic protection element portion formed
between each of the plurality of bus lines and the short
ring;

wherein the electrostatic protection element portion com-
prises a thin film transistor having a source or a drain
electrode connected to the bus lines and the drain or the
source electrode connected to the short ring, a conduc-
tive material connected to a gate electrode of the thin
film transistor, a first resistor connected to the conduc-
tive material for connecting the gate electrode of the
thin film transistor to the bus lines, and a second
resistor connected to the conductive-material for con-
necting the gate electrode of the thin film transistor to
the short ring.

2. An active matrix type liquid crystal display as set forth
in claim 1 wherein the gate electrode of the thin film
transistor is connected to the conductive material via capaci-
for.

3. An active matrix type liquid crystal display as set forth
in claim 1 wherein the second resistor is a common resistor
connecting the gate electrodes of the plurality of thin film
transistor to the short ring.

4. An active matrix type liquid crystal display comprising:

a switching element formed for each of a plurality of
pixels decided by a plurality of bus lines; and

an electrostatic protection element portion formed
between the adjacent bus lines;

wherein the electrostatic protection element portion com-
prises a thin film transistor having a source or a drain
electrode connected to one of the adjacent bus lines and
the drain or the source electrode connected to the other
of the bus lines, a conductive material connected to a
gate electrode of the thin film transistor, a first resistor
connected to the conductive material for connecting the
gate electrode of the thin film transistor to one of the
bus lines, a second resistor connected to the conductive
material for connecting the gate electrode of the thin
film transistor to the other of the bus lines.

5. An active matrix type liquid crystal display as set forth
in claim 4 wherein the gate electrode of the thin film
transistor is connected to the conductive material via capaci-
for.
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6. An active matrix type liquid crystal display comprising:

a switching element formed for each of a plurality of
pixels decided by a plurality of bus lines;

a short ring connected to the plurality of bus lines; and

an electrostatic protection element portion formed
between each of the plurality of bus lines and the short
ring;

wherein the electrostatic protection element portion com-
prises a first thin film transistor having a source or a
drain electrode connected to the bus line and the drain
or the source electrode connected to the short ring, a
conductive material connected to a gate electrode of the
first thin film transistor, a second thin film transistor
having a source or a drain electrode connected to the
bus line, the drain or the source electrode connected to
the conductive material, and a gate electrode electri-
cally floated, and a third thin film transistor having a
source or a drain electrode connected to the short ring,
the drain or the source electrode connected to the
conductive material, and a gate electrode electrically
floated.

7. An active matrix type liquid crystal display as set forth
in claim 6 wherein the gate electrode of the first transistor is
connected to the conductive material via capacitor.

8. An active matrix type liquid crystal display as set forth
in claim 6-wherein a channel length of at least one of the
second and the third thin film transistors is shorter than a
channel length of the first thin film transistor.

9. An active matrix type liquid crystal display as set forth
in claim 6 wherein the third thin film transistor is a common
transistor connecting the gate electrodes of the plurality of
the first thin film transistors to the short ring.

10. An active matrix type liquid crystal display compris-

ing:
a switching element formed for each of a plurality of
pixels decided by a plurality of bus lines; and

an electrostatic protection element portion formed
between the adjacent bus lines;

wherein the electrostatic protection element portion com-
prises a first thin film transistor having a source or a
drain electrode connected to one of the adjacent bus
lines and the drain or the source electrode connected to
the other of the bus lines, a conductive material con-
nected to a gate electrode of the first thin film transistor,
a second thin film transistor having a source or a drain
clectrode connected to one of the bus lines, the drain or
the source electrode connected to the conductive mate-
rial, and a gate electrode electrically floated, and a third
thin film transistor having a source or a drain electrode
connected to the other of the bus lines, the drain or the
source electrode connected to the conductive material,
and a gate electrode electrically floated.
11. An active matrix type liquid crystal display as set forth
in claim 10 wherein the gate electrode of the first transistor
is connected to the conductive material via capacitor.
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12. An active matrix type liquid crystal display as set forth
in claim 10 wherein a channel length of at least one of the
second and the third thin film transistors is shorter than a
channel length of the first thin film transistor.

13. An active matrix type liquid crystal display compris-
ing:

a switching element formed for each of a plurality of

pixels decided by a plurality of bus lines;

a short ring connected to the plurality of bus lines; and

an electrostatic protection element portion formed
between each of the plurality of bus lines and the short
ring;

wherein the electrostatic protection element portion com-
prises a plurality of metal layers, an insulating layer
formed on the plurality of metal layers, a contact hole
formed by opening the insulating layer on the plurality
of metal layers, and a connecting layer electrically
connecting between the metal layers via the contact
hole.

14. An active matrix type liquid crystal display compris-

ing:

a switching element formed for each of a plurality of

pixels decided by a plurality of bus lines; and

an electrostatic protection element portion formed
between the adjacent bus lines;

wherein the electrostatic protection element portion com-
prises a plurality of metal layers, an insulating layer
formed on the plurality of metal layers, a contact hole
formed by opening the insulating layer on the plurality
of metal layers, and a connecting layer electrically
connecting between the metal layers via the contact
hole.

15. An active matrix type liquid crystal display compris-

ing:

a switching element formed for each of a plurality of
pixels decided by a plurality of data bus lines and gate
bus lines;

a first common wiring connected to the data bus lines;

a second common wiring connected to the gate bus lines;
and

an electrostatic protection element portion formed
between the first common wiring and the second com-
mon wiring.

16. An active matrix type liquid crystal display as set forth
in claim 15 wherein the electrostatic protection element
portion comprises a plurality of metal layers, an insulating
layer formed on the plurality of metal layers, a contact hole
formed by opening the insulating layer on the plurality of
metal layers, and a connecting layer electrically connecting
between the metal layers via the contact hole.
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