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7) ABSTRACT

When a thin-film transistor (TFT) is formed on a glass
substrate, electric charges caused in the TFT can be removed
so as to avoid electrostatic damage in the TFT. A short-
circuiting pattern that short-circuits the source region and
the drain region of the TFT is added to a polysilicon pattern
that constitutes the TFT. This short-circuiting pattern is
removed at the same time as or after the wiring formation in
the source region and the drain region.
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THIN-FILM TRANSISTOR, LIQUID-CRYSTAL
DISPLAY DEVICE, AND METHOD OF
PRODUCING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention generally relates to liquid-
crystal display devices, and, more particularly, to a liquid-
crystal display device of an active-matrix type having a
thin-film transistor and a method of producing such a
liquid-crystal display device.

[0003]

[0004] Liquid-crystal display devices are compact and
consume lower power, and, for these reasons, have been
widely used in portable information processing devices,
such as notebook-type personal computers. However, the
use of liquid-crystal display devices is not limited to por-
table information processing devices. Actually, the liquid-
crystal display devices have started replacing conventional
CRT display devices in desktop information processing
devices. Moreover, the liquid-crystal display devices are
greatly expected to serve as displays for high-definition
television (HDTV), and particularly for projection HDTV.

[0005] With those high-performance large-area liquid-
crystal display devices, the conventional simple matrix
driving system is not adequate to satisfy various conditions
such as the response rate, the contrast ratio, the color purity,
and so forth.

[0006] Therefore, the active-matrix driving system, in
which each pixel is driven by a corresponding thin-film
transistor (TFT), is employed. In a liquid-crystal display
device, an amorphous silicon liquid-crystal display using
amorphous silicon in the active regions of TFTs has been
conventionally used. However, the electron mobility of
amorphous silicon is small, and cannot satisfy the conditions
required in the above high-performance liquid-crystal dis-
play devices. Accordingly, it is preferable to use polysilicon
TFTs in those high-performance liquid-crystal display
devices.

[0007] FIG. 1 is a schematic view showing the structure
of a conventional active-matrix liquid-crystal display
device. As shown in FIG. 1, the liquid-crystal display device
comprises a TFT glass substrate 1A that carries a large
number of TFTs and transparent pixel electrodes in coop-
eration with the TFTs, and a counter glass substrate 1B
formed on the TFT glass substrate 1A. Between the TFT
glass substrate 1A and the counter glass substrate 1B, a
liquid-crystal layer 1 is sealed by a sealing member 1C. In
the liquid-crystal display device, the transparent pixel elec-
trodes are selectively driven via each corresponding TFT, so
that the orientations of liquid-crystal molecules can be
selectively varied with each selected transparent pixel elec-
trode in the liquid-crystal layer. Outside the glass substrates
1A and 1B, polarizing plates (not shown) are arranged in a
crossed-Nicol state. Inside the glass substrates 1A and 1B, a
molecular orientation film (not shown) is formed in contact
with the liquid-crystal layer 1, thereby restricting the orien-
tations of the liquid-crystal molecules.

[0008] FIG. 2 is a sectional view of the liquid-crystal
display device shown in FIG. 1.

1. Field of the Invention

2. Description of the Related Art
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[0009] As shown in FIG. 2, a large number of pixel TFTs
11 and a peripheral circuit 1PR for driving the pixel TFTs 11
are formed on the TFT glass substrate 1A. Also, connection
terminals and a pad electrode 1c are formed outside the
sealing member 1C. The peripheral circuit 1PR is also
constituted by TFTS, and an interlayer insulating film 1Al is
formed in the region enclosed by the sealing member 1C on
the TFT glass substrate 1A in such a manner that the
interlayer insulating film 1AI covers the peripheral circuit
1PR and the pixel TFTs 11. On the interlayer insulating film
1Al a large number of pixel electrodes 14 are formed in
contact with the respective pixel TFTs 11. On the interlayer
insulating film 1AI, a molecular orientation film 1MO is
further formed in such a manner that the molecular orien-
tation film IMO covers the pixel electrodes 14 and is
brought into contact with the enclosed liquid-crystal layer 1.

[0010] A large number of color filter patterns 1CF corre-
sponding to the pixel electrodes 14 are formed on the glass
substrate 1B, and light blocking patterns 1BM are formed
between the color filter patterns 1CF. On the counter glass
substrate 1B, a flattening insulating film 1B1 is formed so a
to cover the color filter patterns 1CF and the light blocking
patterns 1BM. On the flattening insulating film 1B1, a
counter transparent electrode 11TO is uniformly formed. The
counter transparent electrode 11TO is covered with another
molecular orientation film 1MO, which is in contact with the
liquid-crystal layer 1. The molecular orientation films 1IMO
restrict the orientations of the liquid-crystal molecules in the
liquid-crystal layer 1.

[0011] Furthermore, a first polarizing film 1PL is formed
on the lower surface of the TFT glass substrate 1A, while a
second polarizing film 1AL is formed on the upper surface
of the counter glass substrate 1B, in such a manner that the
polarizing axes are perpendicular to each other.

[0012] FIG. 3 is an enlarged view of a part of the TFT
glass substrate 1A shown in FIG. 1.

[0013] As shown in FIG. 3, a large number of pad
electrodes 13A that receive scanning signals, a large number
of scanning electrodes 13 extending from the pad electrodes
13A, a large number of pad electrodes 12A that receive
video signals, and a large number of signal electrodes 12
extending from the pad electrodes 12A, are formed on the
glass substrate 1A in such a manner that the extending
direction of the scanning electrodes 13 is substantially
perpendicular to the extending direction of the signal elec-
trodes 12. At each intersection of the scanning electrodes 13
and the signal electrodes 12, the TFT 11 is formed. Further-
more, the transparent pixel electrodes described before are
formed so as to correspond to the respective TFTs 11. Each
of the TFTs 11 is selected in accordance with the scanning
signal on each corresponding scanning electrode 13, and
each cooperative transparent pixel electrode 14 is driven in
accordance with the video signal on each corresponding
signal electrode 12. In FIG. 3, the pad electrodes 12A and
13A are equivalent to the pad electrode 1¢ shown in FIG. 2.

[0014] On such an insulating glass substrate, however,
static electricity is often generated due to various factors
during the production of the TFTs. For instance, in a case
where the insulating glass substrate is attached to or
removed from a processing machine, a transportation means,
a jig, or a substrate holder, static electricity enters the
substrate from the outside. Also, various plasma processes
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used for forming the TFTs on the substrate, such as the
plasma CVD method, the sputtering method, or the RIE
process, might result in the accumulation of static electricity
inside the substrate. In these plasma processes, the conduc-
tive patterns or the diffusion regions function as antennas,
and the differences in effective area among the antennas
induce potential differences in the substrate. Since the sub-
strate itself is an insulator, the induced potential differences
cannot be cancelled, resulting in unrecoverable permanent
damage, partially recoverable semi-permanent damage,
overruns due to variations of the threshold voltage, charac-
teristic deterioration due to a decrease of mobility, poor
long-term reliability due to potential problems, or the like.
As a result, the yield of the liquid-crystal display device is
reduced.

[0015] To avoid the above problems, a peripheral short-
circuiting ring is formed so as to surround a plurality of
panel regions on a common glass substrate including the
panel regions, and the TFTs within the panel regions are
connected to the peripheral short-circuiting ring, thereby
preventing the accumulation of electric charges on the
substrate.

[0016] FIG. 4 shows an example of a common glass
substrate 100 having a peripheral short-circuiting ring
formed in each panel region. In FIG. 4, the same compo-
nents as in the foregoing figures are denoted by the same
reference numerals.

[0017] As shown in FIG. 4, a plurality of panel regions
100A outlined by scribe regions including scribe lines SL
indicated by dotted lines in the figure are formed on the
common glass substrate 100. In each of the panel regions
100A, a TFT array constituted by the TFTs 11 shown in FIG.
2 is formed. A scanning-side peripheral circuit 13B that
operates in cooperation with the TFT array and selects one
of the scanning electrodes 13, and a signal-side peripheral
circuit 12B that operates in cooperation with the TFT array
and selects one of the signal electrodes 12 are further formed
in each of the panel regions 10A. The scanning-side periph-
eral circuit 13B and the signal-side peripheral circuit 12B
are equivalent to the peripheral circuit 1PR described with
reference to FIG. 2.

[0018] In each of the panel regions 100A, a peripheral
short-circuiting ring 15S that extends along the boundary of
the scribe region is formed in such a manner as to surround
the TFT array and the peripheral circuits 12B and 13B, and
each signal electrode 12 and each scanning electrode 13 in
the TFT array are connected to the peripheral short-circuit-
ing ring 15S. The pad electrodes 12A and 13A (not shown
in FIG. 4), which are formed along the outer periphery of
the panel regions, are also electrically connected to the
peripheral short-circuiting ring 15S via a terminal short bar
138S.

[0019] With the above structure, the static electricity gen-
erated in the display region escapes to the peripheral short-
circuiting ring 15S via the signal electrodes 12, the scanning
electrodes 13, and the short bar 13S, thereby preventing
electrostatic damage in the elements formed in the display
region. The peripheral short-circuiting ring 15S is removed
when the common glass substrate is divided into individual
display panels by cutting along the scribe regions.

[0020] Meanwhile, in the conventional structure shown in
FIG. 4, the pixel electrodes 14 for driving liquid cells or the
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accumulation volumes C disposed in parallel with the pixel
electrodes 14 are connected to the peripheral short-circuiting
ring 15S via the TFTs 11. If electric charges are generated in
the pixel electrode 14 and the accumulation volume C
during the production of the liquid panel, electrostatic dam-
age in the TFTs 11 cannot be effectively prevented even with
the peripheral short-circuiting ring 15S. Likewise, if static
electricity is generated in the TFTs, charging cannot be
prevented by the peripheral short-circuiting ring 158S.

[0021] In the conventional procedures of producing the
conventional liquid-crystal display device, as shown in FIG.
5A, a testing terminal 16 is disposed between each pad
electrode 12A or 13A and each corresponding peripheral
circuit 12B or 13B, so that various electric tests can be
performed on a display panel that is being produced. Since
the pad electrodes 12A and 13A are connected to the
peripheral short-circuiting ring 158S at this point, a resistance
10 is interposed between each pad electrode 12A or 13A and
the peripheral short-circuiting ring 15S.

[0022] Conventionally, the resistance Q) has a constant
resistance value of 100 kQ, for instance. As shown in FIG.
5B, a clock T1, a positive power source voltage T2, and a
negative power source voltage T3 are supplied to each pad
electrode 13A, and these signals or power source voltages
are then supplied to a CMOS inverter circuit that constitutes
the peripheral circuit 13B. As for each pad electrode 12A
and each corresponding peripheral circuit 12B, the same
structure is employed.

[0023] FIG. 5C is an equivalent circuit diagram of a part
including one of the pad electrodes 12A, the corresponding
one of the peripheral circuits 12B, and the peripheral short-
circuiting ring 15S.

[0024] As shown in FIG. 5C, the impedance (rin) of the
pad electrode 13A, to which the clock T1 is inputted, is
much greater than the resistance r0, because the CMOS
inverter circuit has great input impedance. On the other
hand, the impedance R at a pad electrode 13A that receives
the positive power source voltage and a pad electrode 13A
that receives the negative power source voltage can be
expressed as:

R=A0x(RO+#in)/[r0+(+0+rin)]

[0025] wherein rin is the internal resistance of the CMOS
inverter circuit. In this case, the value of the internal
resistance rin is smaller than r0, and the value rin might vary
with each of the pad electrodes 13A. This means that the
apparent resistance value between the pad electrodes 13A
and the peripheral short-circuiting ring 15S varies with each
of the pad electrodes 13A. Meanwhile, if the value of the
resistance R varies with the pad electrodes 13A, there is a
possibility of causing great potential differences between the
pad electrode that receives the clock T1, the electrode pad
that receives the positive power source voltage, and the pad
electrode 13 that receives the negative power source voltage.
With such great potential differences, the MOS transistor
that constitutes the CMOS inverter circuit might be electro-
statically damaged.

SUMMARY OF THE INVENTION

[0026] A general object of the present invention is to
provide a novel liquid-crystal display device and a method
of producing the same in which the above disadvantages are
eliminated.
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[0027] A more specific object of the present invention is to
provide a method of producing a liquid-crystal display
device that can solve the problem of electrostatic damage in
the TFTs caused due to charges generated inside the TFTs on
the glass substrate during the production of an active-matrix
liquid-crystal display using a peripheral short-circuiting
ring.

[0028] Another specific object of the present invention is
to provide a method of producing a liquid-crystal display
device that can prevent a potential difference from being
caused between the TFTs on the glass substrate due to such
conditions as the pixel electrode shape, the wiring area, and
the circuit structure, during the production of an active-
matrix liquid-crystal display using a peripheral short-circuit-
ing ring.

[0029] Yet another specific object of the present invention
is to provide a liquid-crystal display device that includes a
CMOS circuit in which no variation in threshold value of the
TFTs is caused by static electricity.

[0030] Still another specific object of the present invention
is to provide a method of producing a liquid-crystal display
device that can restrict the generation of potential differ-
ences in the TFT circuits during the production of an
active-matrix liquid-crystal display in which the TFT cir-
cuits are connected to a peripheral short-circuiting ring via
resistances.

[0031] The above objects of the present invention are
achieved by a method of producing a thin-film transistor on

an insulating substrate, which method comprises the steps
of:

[0032] forming a polysilicon pattern on the insulating
substrate, the polysilicon pattern including a first
region of a first conductivity, a second region of the
first conductivity, a first bridging region that con-
nects the first region and the second region, and a
second bridging region that connects the first region
and the second region;

[0033] forming an insulating film on the insulating
substrate in such a manner that the insulting film
covers the polysilicon pattern,

[0034] forming a gate electrode pattern on the insu-
lating film in such a manner that the gate electrode
pattern covers the first bridging region;

[0035] forming a wiring pattern on the first region in
such a manner that the wiring pattern is in contact
with the first region; and

[0036] cutting the second bridging region after the
step of forming the wiring pattern.

[0037] In the above method, the step of forming the
polysilicon pattern includes the step of providing a conduc-
tivity to the second bridging region.

[0038] The above objects of the present invention are also
achieved by a thin-film transistor that includes:

[0039]

[0040] a polysilicon pattern formed on the insulating
substrate, the polysilicon pattern including a first
region of a first conductivity, a second region of the

an insulating substrate;
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first conductivity, and a channel region that connects
the first region and the second region;

[0041] a gate insulating film that covers the channel
region; and

[0042] a gate electrode pattern formed on the channel
region.

[0043] In this thin-film transistor, the polysilicon pattern
has a first extending portion that extends from the first region
to a first top end, and a second extending portion that extends
from the second region to a second top end.

[0044] The above objects of the present invention are also
achieved by a liquid-crystal display device that comprises:

[0045]

[0046] a second glass substrate that faces the first
glass substrate, with a gap being maintained between
the first glass substrate and the second glass sub-
strate;

[0047]

[0048] a thin-film transistor formed on a surface of
the first glass substrate, the surface facing the second
glass substrate.

a first glass substrate;

a liquid-crystal layer enclosed in the gap; and

[0049] In this liquid-crystal display device, the thin-film
transistor includes:

[0050] a polysilicon pattern formed on the surface of
the first glass substrate, the polysilicon pattern
including a first region of a first conductivity, a
second region of the first conductivity, and a channel
region that connects the first region and the second
region;

[0051] a gate insulating film that covers the channel
region; and

[0052] a gate electrode pattern formed on the channel
region.

[0053] In this thin-film transistor, the polysilicon pattern
has a first extending portion that extends from the first region
to a first top end, and a second extending portion that extends
from the second region to a second top end.

[0054] The above objects of the present invention are also
achieved by a thin-film transistor substrate that comprises:

[0055] a glass substrate having a panel region formed
thereon;
[0056] a conductive peripheral short-circuiting ring

that is formed in the panel region on the glass
substrate and extends along the boundary of the
panel region without a gap;

[0057] an internal circuit that is formed in the panel
region on the glass substrate, includes a plurality of
thin-film transistors formed on the glass substrate,
and is provided with a plurality of connection ter-
minals; and

[0058] a plurality of resistance elements that are
formed in the panel region on the glass substrate,
each of the plurality of resistive elements electrically
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connecting a respective one of the plurality of con-
nection terminals to the peripheral short-circuiting
ring.

[0059] In this thin-film transistor substrate, the resistance
values are selected such that the impedance at each connec-
tion terminal is substantially constant.

[0060] With the above method and liquid-crystal display
device of the present invention, the problem of uneven
potential difference that has been caused by the differences
in electrode shape and area can be eliminated by adding a
bridging region that bridges the source region and the drain
region to a polysilicon pattern that includes the source
region, the drain region, and the bridging region of a
thin-film transistor. Since the step of cutting the bridging
region is performed at the same time as the step of forming
a contact hole in the thin-film transistor, the number of
production steps can be prevented from increasing. The
present invention is particularly effective in the production
of an active-matrix liquid-crystal display in which a large
number of plasma processes are performed.

[0061] With the thin-film transistors of the present inven-
tion, the problem of electrostatic damage or deterioration of
thin-film transistors that constitute the internal circuit, due to
potential differences induced by differences in impedance at
the connection terminals, can be eliminated from the internal
circuit.

[0062] The above and other objects and features of the
present invention will become more apparent from the
following description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] FIG. 1 is a schematic view of a conventional
liquid-crystal display device;

[0064] FIG. 2 is a sectional view of the liquid-crystal
display device of FIG. 1;

[0065] FIG. 3 is an enlarged view of a part of the
liquid-crystal display device of FIG. 1;

[0066] FIG. 4 illustrates a conventional antistatic structure
in a TFT substrate shown in FIG. 3;

[0067] FIGS. 5A to 5C illustrate another antistatic struc-
ture in the TFT substrate shown in FIG. 3;

[0068] FIGS. 6A to 6D illustrate the steps of producing a
TFT in accordance with a first embodiment of the present
invention;

[0069] FIGS. 7A and 7B illustrate the structure of a
TFT-CMOS circuit in accordance with a second embodi-
ment of the present invention,

[0070] FIGS. 8A to 8G illustrate the steps of producing
the TFT-CMOS circuit of FIG. 7A;

[0071] FIGS. 9A to 9D illustrate the steps of producing
the TEFT-CMOS circuit of FIG. 7A;

[0072] FIG. 10 shows the structure of a pixel TFT of a
liquid-crystal display device in accordance with a third
embodiment of the present invention;
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[0073] FIGS. 11A to 11D illustrates the steps of producing
the liquid-crystal display device including the pixel TFT of
FIG. 10;

[0074] FIGS. 12A to 12C illustrate the steps of producing
the liquid-crystal display device including the pixel TFT of
FIG. 10,

[0075] FIGS. 13A to 13C illustrate the steps of producing
a liquid-crystal display device comprising a pixel TFT in
accordance with a fourth embodiment of the present inven-
tion;

[0076] FIG. 14 shows the structure of a pixel TFT in
accordance with a fifth embodiment of the present invention;

[0077] FIG. 15 shows the structure of a peripheral circuit
of a liquid-crystal display device in accordance with a sixth
embodiment of the present invention;

[0078] FIG. 16 is a detail view of a scanning-side periph-
eral circuit of the liquid-crystal display of FIG. 15;

[0079] FIG. 17 is a detail view of a D-type flip-flop of the
structure shown in FIG. 16;

[0080] FIG. 18 is a detail view of an output buffer circuit
of the structure shown in FIG. 16;

[0081] FIG. 19 is a detail view of a NAND circuit of the
structure shown in FIG. 16;

[0082] FIG. 20 is a detail view of an analog switch circuit
of the structure shown in FIG. 15;

[0083] FIG. 21 is a detail view of a memory cell of the
structure of FIG. 15;

[0084] FIG. 22 shows the structure of a liquid-crystal
display device in accordance with a seventh embodiment of
the present invention;

[0085] FIG. 23 illustrates the principles of the seventh
embodiment of the present invention;

[0086] FIG. 24 illustrates an example structure of the
seventh embodiment of the present invention,

[0087] FIG. 25 illustrates the optimization of resistance
value in accordance with the seventh embodiment of the
present invention,

[0088] FIG. 26 illustrates the principles of an eighth
embodiment of the present invention;

[0089] FIGS. 27A and 27B illustrate the principles of a
ninth embodiment of the present invention;

[0090] FIGS. 28A and 28B illustrate another example
structure of the ninth embodiment of the present invention;

[0091] FIGS. 29A and 29B illustrate an example structure
of a tenth embodiment of the present invention; and

[0092] FIG. 30 illustrates a further embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0093]

[0094] In accordance with one feature of the present
invention, problems of charging in thin-film transistors and
uneven potential differences due to the differences in shape

[Functions]
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and area between electrodes can be solved by a bridging
region that bridges the source region and the drain region in
each thin-film transistor during the formation of the thin-film
transistors on an insulating substrate of a liquid-crystal
display device. Those problems could not be eliminated by
the conventional peripheral short-circuiting ring. In the
present invention, a step of cutting the bridging region and
a step of forming contact holes in the thin-film transistors are
performed at the same time, thereby reducing the total
number of production steps. The present invention is par-
ticularly effective in the steps of producing a liquid-crystal
display device of an active-matrix driving type in which
various plasma processes are performed.

[0095] In accordance with another feature of the present
invention, a thin-film transistor substrate comprises a glass
substrate that has panel regions formed thereon, a conduc-
tive peripheral short-circuiting ring that is formed in the
panel regions on the glass substrate and extends along the
boundaries of the panel regions, and an internal circuit
including a plurality of thin-film transistors and a plurality of
connection terminals. The resistance values of a plurality of
resistance elements formed in the panel regions on the glass
substrate, each of the plurality of resistors connecting a
respective one of the connection terminals to the peripheral
short-circuiting ring, are selected so that impedance at the
connection terminals are made substantially constant for the
testing of the internal circuit during the production of the
thin-film transistor substrate. By doing so, voltage differ-
ences caused by the differences in impedance values at the
connection terminals are eliminated from the internal circuit.
Furthermore, electrostatic damage and deterioration of the
thin-film transistors that constitute the internal circuit can
also be eliminated.

[0096] [First Embodiment]

[0097] FIGS. 6A to 6D illustrate the steps of producing a
TFT (thin-film transistor) in accordance with a first embodi-
ment of the present invention. FIG. 6B is an equivalent
circuit diagram of FIG. 6A, while FIG. 6D is an equivalent
circuit diagram of FIG. 6C.

[0098] As shown in FIG. 6A, a polysilicon pattern 11
comprising a source region 11S, a drain region 11D, and a
channel region 11C that connects the source region 118 and
the drain region 11D, is formed on an insulating substrate 10
made of glass or the like. A gate electrode pattern 12G made
of AINd or the like is formed on the polysilicon pattern 11
so as to cover the channel region 11C, with a gate oxide layer
(not shown) being interposed between the polysilicon pat-
tern 11 and the gate electrode pattern 12G. Doping with an
n-type or p-type impurity element is carried out on the
source region 118 and the drain region 11D, with the gate
electrode pattern 12G serving as a self-aligned mask. The
polysilicon pattern 11 and the gate electrode pattern 12G are
covered with an insulating film (not shown). A source
electrode 128 corresponding to the source region is formed
on the insulating film, and a drain electrode 12D correspond-
ing to the drain region 11D is formed on the insulating film.
The source electrode 12S and the drain electrode 12D are in
contact with the source region 11S and the drain region 11D
through contact holes 11s and 11d formed in the insulating
film. Also, a contact hole 12g for exposing the gate electrode
pattern 12G is formed in the insulating film.

[0099] In the structure shown in FIG. 6A, the polysilicon
pattern 11 includes a pattern 11R that connects the source
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region 11S and the drain region 11D. This pattern 11R is
provided with conductivity so as to form a resistor R that
short-circuits the source region 11S and the drain region
11D, as shown in the equivalent circuit diagram of FIG. 6B.
It is preferable that doping is carried out on the pattern 11R
with the same impurity element of the same conductivity as
with the source region 11S and the drain region 11D.

[0100] As shown in the equivalent circuit diagram of FIG.
6B, since the source region 11S and the drain region 11D of
the TFT are connected by the pattern 11R in the state shown
in FIG. 6A, the TFT is not electrostatically damaged, even
if a potential is generated in a wiring pattern connected to the
drain electrode 12D and the source electrode 12S due to
charges or antenna effects accompanying plasma processing.

[0101] With the short-circuiting pattern 11R, no electric
charges from the drain electrode 12D and the source elec-
trode 12S accumulate in the polysilicon pattern 11. Accord-
ingly, large electric stress is not applied to the gate oxide film
in the drain region 11D or between the gate electrode pattern
12G and the drain region 11D or the source region 118,
thereby eliminating the problem of varying threshold char-
acteristics of the TFT.

[0102] Furthermore, with the short-circuiting pattern 11R,
the TFT is permanently or semipermanently protected from
damage, even if electric shock is applied to the TFT from the
outside during production thereof. Also, potential defects
which are often caused by electric shock can be prevented.
Thus, the resultant TFT has excellent long-term reliability.
Furthermore, in a case where a large number of TFTs having
different channel lengths and widths are formed on the
insulating substrate 10, the short-circuiting pattern 11R is
very effective in solving the problems of uneven charging
and electrostatic damage caused by the difference in size.

[0103] After the steps shown in FIGS. 6A and 6B, an
opening 13R for exposing the polysilicon pattern 11R is
formed in the insulating film. The polysilicon pattern 11R is
cut through the opening 13R, so that the short-circuiting
between the source region 118 and the drain region 11D can
be eliminated, as shown in the equivalent circuit diagram of
FIG. 6D. The TFT shown in FIG. 6C characteristically
comprises a first polysilicon pattern 11R; extending from the
source region 11S to the opening 13R, and a second poly-
silicon pattern 11R, extending from the drain region 11D to
the opening 13R.

[0104] [Second Embodiment]

[0105] FIG. 7A shows the structure of a CMOS circuit in
which a TFT of a second embodiment of the present
invention is employed. FIG. 7B is an equivalent circuit
diagram of FIG. 7A. As will be described later, the CMOS
circuit of this embodiment can be applied to various driving
circuits of liquid-crystal display devices, such as the signal-

side peripheral circuit 12B or the scanning-side peripheral
circuit 13B shown in FIG. 4.

[0106] As shown in FIG. 7A, the CMOS circuit is formed
on an insulating substrate 20 equivalent to the TFT glass
substrate 1A shown in FIGS. 1 to 3. On the insulating
substrate 20, a polysilicon pattern 21 that constitutes a
p-channel TFT (p-chTFT) and an n-channel TFT (0-chTFT)
is formed. The polysilicon pattern 21 comprises a portion
21PS that serves as the source region of the p-channel TFT,
a portion 21PD that serves as the drain region of the
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p-channel TFT, and a portion 21PC that serves as the
channel region of the p-channel TFT. The channel region
21PC is formed by the connection of the source region 21PS
and the drain region 21PD.

[0107] Likewise, the polysilicon pattern 21 comprises a
portion 21NS that serves as the source region of the n-chan-
nel TFT, a portion 21ND that serves as the drain region of
the n-channel TFT, and a portion 21NC that serves as the
channel region of the n-channel region TFT. The channel
region 2INC is formed by the connection between the
source region 21NS and the drain region 21ND.

[0108] The polysilicon pattern 21 is covered with a gate
oxide film (not shown), and an AINd gate electrode pattern
22G including a gate electrode 22PG that covers the channel
region 21PC of the pchannel TFT and another gate electrode
22NG that covers the channel region 21NC of the n-channel
TFT is formed on the gate oxide film. Further, the polysili-
con pattern 21 and the gate electrode pattern 22G thereon are
covered with an insulating film 23 (not shown in FIG. 7A),
and a source electrode pattern 24PS corresponding to the
source region 21PS is formed on the insulating film 23 in
such a manner that the source electrode pattern 24PS is
brought into contact with the source region 21PS through a
contact hole 23PS formed in the insulating film 23. Like-
wise, a source electrode pattern 24NS corresponding to the
source region 2INS is formed on the insulating film 23 in
such a manner that the source electrode pattern 24NS is
brought into contact with the source region 21NS through a
contact hole 23NS formed in the insulating film 23. Further,
a drain electrode pattern 24D corresponding to the drain
regions 21PD and 21IND is formed on the insulating film in
such a manner that the drain electrode pattern 24D is brought
into contact with the drain region 21PD through a contact
hole 23PD formed in the insulating film, and also brought
into contact with the drain region 21ND through a contact
hole 23ND formed in the insulating film 23. A gate wiring
pattern 24G is further formed on the insulating film 23 in
such a manner that the gate wiring pattern 24G is brought
into contact with the gate electrode pattern 22G through a
contact hole 23G.

[0109] The drain electrode pattern 24D connects the
p-channel TFT and the N-channel TFT, as shown in the
equivalent circuit diagram of FIG. 7B. Here, ptype doping
is carried out on the source region 21PS and the drain region
21PD of the p-channel TFT by an ion injection process, with
the gate electrode 22PG serving as a self-aligned mask,
while n-type doing is carried out on the source region 21NS
and the drain region 21ND of the n-channel TFT by the ion
injection process, with the gate electrode 22PG serving as a
self-aligned mask. As will be described later with respect to
the manufacturing procedure, the p-channel TFT and the
n-channel TFT each have an LDD structure.

[0110] In the structure shown in FIG. 7A, the polysilicon
pattern 21 includes a short-circuiting pattern 21S that con-
nects the source region 21PS, the drain region 21PD, the
drain region 2IND, and the source region 21INS. As on the
source region 21PS and the drain region 21PD, p-type
doping is carried out on a portion 218, connecting the source
region 21PS and the drain region 21PD. Meanwhile, as on
the source region 21NS and the drain region 21ND, n-type
doping is carried out on a portion 21S, connecting the source
region 21NS and the drain region 2IND.
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[0111] After the completion of the CM6S circuit shown in
FIG. 7A, the short-circuiting pattern 21 is removed by
etching at an opening 23S, thereby releasing the short-
circuiting among the source region 21PS, the drain region
21PD, the drain region 21ND, and the source region 21NS.

[0112] FIGS. 8A to 9D illustrate the steps of producing
the TFT-CMOS circuit shown in FIGS. 7A and 7B. Each of
FIGS. 8A to 9D is a sectional view of the TFT-CMOS
circuit taken along the line A-A' of FIG. 7A.

[0113] As shown in FIG. 8A, the glass substrate 20 is a
glass slab made of Corning #1737 or the like. After washing
the surface of the glass substrate 20, a SiO, film (not shown)
having a thickness of 150 to 300 nm, more preferably a
thickness of approximately 200 nm, is deposited on the glass
substrate 20 by the plasma CVD method. A SiN film having
a thickness of approximately 50 nm is further deposited on
the Si0, film by the plasma CD method. An amorphous Si
film 210g typically having a thickness of 20 to 100 nm, more
preferably having a thickness of 40 to 50 nm, is then
uniformly deposited by the PCVD method.

[0114] Inthe step shown in FIG. 8B, the glass substrate 20
is subjected to heat treatment in an atmosphere of N, at 450°
C. for 1 hour. After the hydrogen in the amorphous Si film
210 is removed, an excimer laser having a wavelength of
308 nm is applied to the amorphous Si film 210a at an
energy density of 300 to 400 mJ/cm?, more preferably 320
to 350 mJ/cm?, thereby crystallizing the amorphous Si film
210a. As a result of the crystallization, the amorphous Si
film 2104 is converted into a polysilicon film 210p. If the
proportion of hydrogen in the amorphous Si film 210a is less
than 1%, the heat treatment in an atmosphere of N, can be
skipped.

[0115] In the step shown in FIG. 8C, the polysilicon film
210p is patterned by the RIE method, so as to form the
polysilicon pattern 21 shown in FIG. 7A. As described
before, the polysilicon pattern 21 includes the short-circuit-
ing pattern 21S.

[0116] In the step shown in FIG. 8D, a SiO, film 212
having a thickness of 100 to 150 nm, more preferably a
thickness of approximately 120 nm, is deposited as a gate
oxide film on the structure obtained in the step of FIG. 8C
by the plasma CVD method in such a manner that the SiO,
film 212 covers the polysilicon pattern 21. A gate electrode
layer 22 made of an AINd alloy having a thickness of 300 to
400 nm, more preferably a thickness of approximately 350
nm, is further deposited on the gate oxide film by sputtering.

[0117] In the step shown in FIG. 8E, the gate electrode
layer 22 is patterned by wet etching using a resist mask,
thereby forming the gate electrode pattern 22PG in the
region of the p-channel TFT and the gate electrode pattern
22NG 1n the region of the n-channel TFT. With the resist
mask remaining, the gate oxide film 212 is patterned by dry
etching using CHE;, thereby forming a gate oxide film
pattern 212G corresponding to the gate electrode patterns
22PG and 22NG in the p-channel TFT region and the
n-channel TFT region. In the step shown in FIG. 8E, after
the patterning of the gate oxide film pattern 212G, the gate
electrode patterns 22PG and 22NG are laterally etched by
wet etching, with the resist mask remaining, so that the gate
electrodes 22PG and 22NG become slightly smaller than the
gate oxide film pattern 212G. As a result, the gate oxide film
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pattern 212G laterally protrudes from the side surfaces of the
gate electrode patterns 22PG and 22NG by 0.5 to 1.5 um,
more preferably by 0.8 um.

[0118] In the step shown in FIG. 8F, the resist mask is
removed, and P* doping is carried out on the entire surface
of the polysilicon pattern 21 in an atmosphere of 1% to 5%
PH; diluted gas by the use of a plasma doping machine
having RF discharge or DC discharge as an ion source. Here,
a first doping with a dose of 5x10™ to 1x10"° cm™ is carried
outat an acceleration voltage of 10keV, and a second doping
with a dose of 5x10** to 5x10'® cm™ is carried out at an
acceleration voltage of 70 keV. As a result, the n-channel
TFT having an LDD structure is formed both in the p-chan-
nel TFT region and the n-channel TFT regi on on the
polysilicon pattern 21. Accordingly, in the polysilicon pat-
tern 21, the n*-type source region 2INS and drain region
21ND are formed on both sides of the gate electrode pattern
22NG. As shown in FIG. 8F, an n™-type LDD region is
formed between the channel region 2INC and the source
region 21NS or the drain region 21ND. In the state shown
in FIG. 8F, N*-type doping is uniformly performed on the
polysilicon short-circuiting pattern 218 by the ion injection
process.

[0119] In the step shown in FIG. 8G, a resist pattern RG
is formed so as to cover the N*-type region in the n-channel
TFT region and the polysilicon short-circuiting pattern 218S,.
B* ion injection in the two-step manner as described above
is then carried out on the region not covered with the resist
pattern RG in the polysilicon pattern 21. The p*-type source
region 21PS and the p*-type drain region 21PD are formed
on both sides of the gate electrode pattern 22PG, with a
p~-type LDD region being interposed therebetween. By the
B* ion injection, p*-type doping is carried out on the region
218, not protected by the resist pattern RG in the polysilicon
short-circuiting pattern 21S. The B* ion injection is also
carried out in existence of a 1% to 5% B,H, diluted gas by
the use of a plasma doping machine having RF discharge or
DC discharge as an ion source. The first acceleration voltage
is set at 10keV, and the dose is set at 5x10** to 5%10*° cm™2.
The second acceleration voltage is set at 60 keV, and the
dose is set at 1x10"® to 1x10** em™. In the actual production
procedure, after the step of injecting the B* ion shown in
FIG. 8G, the resultant structure is subjected to heat treat-
ment using an excimer laser or a halogen lamp. As a result,
the P or B introduced in the step of FIG. 8F or FIG. 8G is
activated in the polysilicon pattern 21. After the ion injection
and heat treatment process, the source regions 21NS and
21PS, the drain regions 21ND and 21PD, and the p*- and
N*-type short-circuiting patterns 21S; and 218, are set at 5
k€/0 or lower, more preferably at 1 k€/0 or lower, in sheet
resistance. Meanwhile, the sheet resistance of the n™-type
and p~-type is set at 1x10™ to 5x10° kQ/O, more preferably
at 5x10* to 1x10° kQ/O.

[0120] In the step shown in FIG. 9A, an interlayer insu-
lating film 23 made of SiN and having a thickness of 300 to
600 nm, more preferably, 400 nm, is deposited on the
resultant structure of FIG. 8G by the plasma CVD method.
The insulating film 23 is then patterned by the photolitho-
graphic method and the RIE method using CF, and SFq,
thereby forming the contact holes 23PS, 23PD, 23ND, and
23NS in the insulating film 23, as shown in FIG. 9A.
Although not shown in the sectional view of FIG. 9A, the
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contact hole 23G is also formed at the same time as the
formation of the contact holes 23PS, 23PD, 23ND, and
23NS.

[0121] In the step shown in FIG. 9A, the opening 23S is
further formed in the insulating film 23, so that the short-
circuiting pattern 21S is exposed through the opening 23S.

[0122] 1In the step shown in FIG. 9B, a conductive film 24
having an Al layer having a thickness of 20 nm and a T1
layer having a thickness of 10 nm is formed on the resultant
structure of FIG. 9A by sputtering, so that the contact holes
23PS, 23PD, 23ND, and 23NS, as well as the opening 23S,
are filled with the conductive film 24.

[0123] In the step shown in FIG. 9C, the conductive film
24 is patterned by the RIE process using an etching gas,
thereby producing the source electrodes 24PS and 24NS, the
common drain electrode 24D, and the gate wiring pattern
24G. Further, in the step shown in FIG. 9C, the conductive
film 24 is removed from the opening 23S, thereby exposing
the polysilicon short-circuiting pattern 21S. With the resist
pattern remaining, the polysilicon short-circuiting pattern
21S is subjected to dry etching by the RIE process. As a
result, the polysilicon short-circuiting pattern 218 is cut at
the opening 23S.

[0124] In the step shown in FIG. 9D, an insulating film 25
made of SiN and having a thickness of approximately 350
nm is formed on the resultant structure of the step shown in
FIG. 9C. Thus, a desired TFT-CMOS circuit is completed.

[0125] 1In a case where the desired TET-CMOS circuit is a
driving circuit of a liquid-crystal display device, a pixel
electrode forming process is performed on the insulating
film 25, as will be described in the next embodiment.

[0126] [Third Embodiment]

[0127] In the following, a method of producing a liquid-
crystal display device in accordance with a third embodi-
ment of the present invention will be described with refer-
ence to FIGS. 10, 11A to 11D, and 12A to 12C. FIG. 10 is
a plan view of a TFT substrate halfway through production.

[0128] As shown in FIG. 10, a polysilicon pattern 41 that
constitutes the pixel TFT 11 and a polysilicon pattern 61 that
constitutes a peripheral circuit TFT 31 are formed on a TFT
glass substrate 40 equivalent to the TFT glass substrate 1A
of FIG. 1. The polysilicon pattern 41 includes an N*-doped
source region 41S, an N*-doped drain region 41D, and a
channel region 41C that connects the source region 41S and
the drain region 41D. Accordingly, the pixel TFT 11 is an
n-channel TFT.

[0129] Likewise, the polysilicon pattern 61 includes an
N*-doped source region 61S, an N*-doped drain region 61D,
and a channel region 61C that connects the source region
61S and the drain region 61D. Accordingly, the polysilicon
pattern 61 forms the peripheral circuit, for instance, a part of
the n-channel TFT that constitutes the signal-side peripheral
circuit 12B shown in FIG. 4.

[0130] The polysilicon patterns 41 and 61 are covered
with a gate oxide film 42 (not shown in the plan view of
FIG. 10) formed on the glass substrate 40. On the gate oxide
film 42, a gate electrode 43G is formed so as to cover the
channel region 41C, and a gate electrode 63G is formed so
as to cover the channel region 61C. Further, the gate
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electrodes 43G and 63G, and the polysilicon patterns 41 and
61 are covered with an interlayer insulating film 44 (not
shown in the plan view of FIG. 10). On the interlayer
insulating film 44, a source electrode 45S corresponding to
the source region 418, a drain electrode 45D corresponding
to the drain region 41D, a source electrode 65S correspond-
ing to the source region 61S, and a drain electrode 65D
corresponding to the drain region 61D are formed in such a
manner that the source electrode 45S, the drain electrode
45D, the source electrode 65S, and the drain electrode 65D
are brought into contact with the corresponding source
regions 418 and 61S, and the drain regions 41D and 61D,
through contact holes 44S, 44D, 64S, and 64D formed in the
interlayer insulating film 44. Also, on the interlayer insulat-
ing film 44, gate electrode patterns 45G and 65G corre-
sponding to the gate electrodes 43G and 63G are formed in
such a manner that the gate electrode patterns 45G and 65G
are brought into contact with the gate electrodes 43G and
63G through contact holes 44G and 64G formed in the
interlayer insulating film 44.

[0131] InFIG. 10, the drain region 41D, the source region
418, the drain region 61D, and the source region 61S are
short-circuited by a polysilicon short-circuiting pattern
41SC formed on the glass substrate 40. Because of this, no
potential difference will be caused inside the TFT 11 and the
TFT 31, if plasma processing is performed during the step of
depositing the interlayer insulating film 44, the step of
patterning the contact holes 44S, 64S, 44D, 64D, 44G, and
64G in the insulating film 44, or the step of patterning the
electrode patterns 435S, 65S, 45D, 65D, 45G, and 65G.

[0132] In this embodiment, with the polysilicon short-
circuiting pattern 41SC, another interlayer insulating film 46
(not shown in the plan view of FIG. 10) is formed so as 1o
cover the source electrodes 45S and 65S, and the drain
electrodes 45D and 65D. On the interlayer insulating film
46, a transparent pixel electrode is formed in such a manner
that the transparent pixel electrode is in contact with the
drain region 41D of the TFT 11. At this point, the polysilicon
short-circuiting pattern 41SC is removed through an opening
46A formed in the interlayer insulating film 46. Thus, the
problem of short-circuiting due to the polysilicon short-
circuiting pattern 41SC can be eliminated.

[0133] FIGS. 11A to 12C illustrate the steps of producing
the liquid-crystal display device of the third embodiment of
the present invention. Each of FIGS. 11A to 12C is a
sectional view of the liquid-crystal display device taken
along the line A-A' in FIG. 10.

[0134] As shown in FIG. 11A, after the formation of the
TFT 11 and 31, the polysilicon pattern 41 is covered with the
SiN interlayer insulating film 44 having a thickness of 300
to 600 nm, more preferably 400 nm, formed by the plasma
CVD method. In the step shown in FIG. liB, the contact
holes 44S, 64S, 44D, and 64D for exposing the source
regions 41S and 618, and the drain regions 41D and 61D,
respectively, are formed in the interlayer insulating film 44.
In the step of forming the contact holes, an opening 44A for
exposing the polysilicon short-circuiting pattern 41SC is
formed at the same time. The TFT 11 and 31 have the LDD
structure, like the TFTs described in the foregoing embodi-
ments.

[0135] In the step shown in FIG. 11C, a conductive film
45 having a Ti/Al/Ti stacked structure is deposited on the
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interlayer insulating film 44 by sputtering, so that the contact
holes 44S, 64S, 44D, 64D, and the opening 44A are filled
with the conductive film 45. In the step shown in FIG. 11D,
the conductive film 45 is patterned by the RIE process using
a mixed gas of CF,, SF, and O, as an etching gas, thereby
forming the source electrodes 435S and 65S, and the drain
electrodes 45D and 65D. Although the gate contact holes
44G and 64G cannot be seen on the section taken along the
line A-A' in FIGS. 11C and 11D, they are included in the
sectional view of FIGS. 11C and 11D for ease of explana-
tion. After the patterning of the conductive film 45, the gate
wiring patterns 45G and 65G are formed on the contact holes
44G and 64G.

[0136] In the step shown in FIG. 11D, at the time of the
patterning of the conductive film 45, the conductive film 45
is removed through the opening 44A, thereby exposing the
polysilicon short-circuiting pattern 41SC through the open-
ing 44A. Unlike the foregoing embodiment, the polysilicon
short-circuiting pattern 41SC is not cut in the step of FIG.
11D in this embodiment.

[0137] In the step shown in FIG. 12A, a SiN interlayer
insulating film 46 having a thickness of 300 to 500 nm, more
preferably 350 nm, is formed on the resultant structure of
FIG. 11D by the plasma CVD method. In this interlayer
insulating film 46, the opening 46A for exposing the opening
44A and a contact hole 46B for exposing the drain electrode
45D are formed. In this embodiment, the polysilicon short-
circuiting pattern 41SC is cut through the opening 44A in the
step of forming the opening 46A. As a result, the polysilicon
short-circuiting pattern 41SC is divided into a polysilicon
pattern 41SC, that extends from the peripheral circuit TFT
31 to the opening 44A, and a polysilicon pattern 41SC, that
extends from the pixel TFT 11 to the opening 44A.

[0138] In this embodiment, prior to the deposition of the
interlayer insulating film 46 by the plasma CVD method in
the step of FIG. 12A, the TFT 31 and the TFT 11 are
electrically disconnected from each other by the polysilicon
short-circuiting pattern 41SC. Accordingly, there is no pos-
sibility of electrostatic damage in the TFT 31 or TFT 11,
even if plasma processing induces internal charges.

[0139] In the step shown in FIG. 12B, a transparent pixel
electrode 47 made of ITO (In,0,.Sn0,) is formed on the
interlayer insulating film 46 in such a manner that the
transparent pixel electrode 47 is brought into contact with
the drain electrode 45D through the contact hole 46B. In the
step shown in FIG. 12C, a molecular orientation film 48 is
formed on the interlayer insulting film 46 by spin coating in
such a manner that the molecular orientation film 48 covers
the transparent pixel electrode 47.

[0140] As described before, since the polysilicon short-
circuiting pattern 41SC is cut after the formation of the
interlayer insulating film 46, there is no possibility that
electrostatic damage is caused in the TFT 31 or TFT 11 even
though the interlayer insulating film 46 is formed by the
plasma CVD method.

[0141] [Fourth Embodiment)]

[0142] FIGS. 13A to 13C illustrate the steps of producing
a liquid-crystal display device in accordance with a fourth
embodiment of the present invention. It should be noted that
the step shown in FIG. 13A is a step that follows the step
shown in FIG. 11D of the third embodiment, and is equiva-
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lent to the step shown in FIG. 12A. In FIGS. 13A to 13C,
the same components as in the third embodiment are
denoted by the same reference numerals.

[0143] As shown in FIG. 13A, when the opening 46A is
formed in the interlayer insulating film 46 by the RIE
process, dry etching is performed under such conditions that
the polysilicon short-circuiting pattern 41SC is not fully
removed. As a result, the polysilicon short-circuiting pattern
41SC is exposed through the opening 44A exposed through
the opening 46A.

[0144] In the step shown in FIG. 13B, the transparent
pixel electrode 47 is deposed on the interlayer insulating
film 46 by the plasma CVD method using the ITO layer, and
then patterned by the RIE process. In FIG. 13C, which is
equivalent to the step shown in FIG. 12C, the polysilicon
short-circuiting pattern 41SC is cut through the opening
44A. After the cutting, the molecular orientation film 48 is
formed on the interlayer insulating film 46 in such a manner
that the molecular orientation film 48 covers the transparent
pixel electrode 47.

[0145] In this embodiment, an additional step is required
for cutting the polysilicon short-circuiting pattern 41SC as
shown in FIG. 13C. However, this step is performed after
the formation of the transparent pixel electrode 47. Accord-
ingly, the possibility of electrostatic damage in the TFT 11
or TFT 31 during the production of the liquid-crystal display
device can be eliminated.

[0146] [Fifth Embodiment]

[0147] In the foregoing embodiments, damage in the TFTs
is avoided by the polysilicon short-circuiting pattern 41SC
connecting the pixel TFT 11 and the peripheral circuit TFT
31 during the production of the liquid-crystal display device.
However, it is also possible to form a polysilicon short-
circuiting pattern in each pixel TFT 11 in the display region
as shown in FIG. 14. In FIG. 14 the same components as
described before are denoted by the same reference numer-
als.

[0148] As shown in FIG. 14, each of the TFTs 11 arranged
in the display region of the liquid-crystal display device
includes the N*- or p*-type source region 41S, the drain
region 41D having the same conductivity, and the polysili-
con pattern 41SC that short-circuits the source region 41S
and the drain region 41D. The polysilicon short-circuiting
pattern 41SC is exposed through the opening 44A and the
opening 46 A, which also exposes the opening 44A. After the
step of forming a contact hole for the transparent pixel
electrode 47 in the interlayer insulating film 46, which step
is equivalent to the step shown in FIG. 12A, or after the
patterning of the transparent pixel electrode 47, the poly-
silicon short-circuiting pattern 41SC is cut. Particularly, in
the case where the polysilicon short-circuiting pattern 41SC
is cut after the formation of patterning of the transparent
pixel electrode 47, even a great potential difference induced
between the source region 41S and the drain region 41D due
to the antenna effect during the patterning by the RIE
process can be immediately eliminated by the polysilicon
short-circuiting pattern 41SC. Thus, electrostatic damage in
the TFTs 11 can be avoided.

[0149] [Sixth Embodiment]

[0150] In the following, another embodiment of the
present invention applied to a TFT substrate of a liquid-
crystal display device will be described.
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[0151] FIG. 15 shows the structure of a TFT substrate of
a liquid-crystal display device in accordance with a sixth
embodiment of the present invention. In FIG. 15, the same
components as in the foregoing embodiments are denoted by
the same reference numerals.

[0152] As shown in FIG. 15, the display region on the
TFT substrate 1A is divided into a plurality of regions (1A),
to (LA),,. The signal-side peripheral circuit 12B is exter-
nally attached to the TFT glass substrate 1A, and includes a
shift register 12, having the same number of stages as the
regions (1A), to (1A),,, a buffer circuit 12, that receives an
output signal from each of the stages of the shift register 12,,
and a selector circuit 12, that selects a signal line 12 among
the plurality of regions (1A), to (LA),. The output of each
stage of the shift register 12, is supplied to an analog switch
circuit 12, constituted by TFT-CMOS circuits connected to
the respective signal lines 12. In accordance with a selected
signal from the selector circuit 12, the analog switch circuit
12, supplies the output signal of the shift register 12, to the
selected signal line 12 for each of the regions (1A), to
(1A

[0153] Additionally, the scanning-side peripheral circuit
13B is formed on the TFT substrate 1A in the structure
shown in FIG. 15.

[0154] FIG. 16 shows the structure of the scanning-side
peripheral circuit 13B of the sixth embodiment of the
present invention.

[0155] As shown in FIG. 16, the scanning-side peripheral
circuit 13B comprises a bidirectional switch unit 13, that
combines a p-channel TFT and an n-channel TFT; a shift
register unit 13, that consists of a D-type flip-flop, a NAND
gate, and an inverter; a multiplexer unit 135 constituted by
NAND gate; and an output buffer circuit 13, constituted by
inverters. In the p-channel TFT and the n-channel TFT that
constitute the bidirectional switch unit 13;, an internal
short-circuiting pattern equivalent to the polysilicon short-
circuiting pattern 21SC or 41SC of the foregoing embodi-
ments is formed so as to short-circuit the source region and
the drain region.

[0156] FIG. 17 shows the structure of the D-type flip-flop
in FIG. 16.

[0157] As shown in FIG. 17, the D-type flip-flop includes
TFT-CMOS circuits described in the foregoing embodi-
ments. In each of the TFTs that constitute each TFT-CMOS
circuit, a short-circuiting pattern equivalent to the polysili-
con short-circuiting pattern 21SC or 418C is formed so as to
short-circuit the source and the drain.

[0158] FIG. 18 shows a part of the output buffer unit 13,
in the structure shown in FIG. 16.

[0159] As shown in FIG. 18, the output buffer unit 13,
also includes TFT-CMOS circuits described in the foregoing
embodiments. In each of the TFTs that constitute each
TFT-CMOS circuit, a short-circuiting pattern equivalent to
the polysilicon short-circuiting pattern 21SC or 41SC is
formed between the source and the drain.

[0160] FIG. 19 shows the structure of the NAND circuit
in the structure shown in FIG. 16.

[0161] As shown in FIG. 19, a short-circuiting pattern
equivalent to the polysilicon short-circuiting pattern 21SC
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and 41SC is also formed between the source and drain in
each of the p-channel TFTs and n-channel TFTs that con-
stitute the NAND circuit.

[0162] FIG. 20 shows the structure of the analog switch
circuit 12, in the structure shown in FIG. 15.

[0163] As shown in FIG. 20, in each of the p-channel
TFTs and the n-channel TFTs that constitute the analog
switch circuit 12,, a short-circuiting pattern equivalent to the
polysilicon short-circuiting pattern 21SC or 41SC of the
foregoing embodiments is formed between the source and
drain.

[0164] FIG. 21 shows the structure of a memory cell
equivalent to the structure shown in FIG. 4.

[0165] As shown in FIG. 21, a short-circuiting pattern
similar to the polysilicon short-circuiting pattern 21SC or
41SC of the foregoing embodiments is formed between the
source and drain of the pixel TFT 11.

[0166] In the structures shown in FIGS. 16 to 21, each
short-circuiting pattern is removed at the same time as or
after the formation of the wiring pattern in the TFTs.

[0167] [Seventh Embodiment]

[0168] As described with reference to FIGS. 5A to 5C,
during the production of a liquid-crystal display device, a
resistance element 1, is interposed between each of the
connection pads 12A and 13A and a peripheral short-
circuiting ring 15S so as to enable the testing of the TFT
substrate being produced. In this structure, however, if there
is a difference in internal resistance between the connection
pads 12A and 13A, a potential difference is caused in each
connection pad, resulting in electrostatic damage of the
TFTs constituting the internal circuit connected to the con-
nection pads.

[0169] To avoid such a problem, a resistance value of each
resistance element that connects the connection pads 12A
and 13A to the peripheral short-circuiting ring 15S, as shown
in FIG. 22, is varied depending on the internal resistance
value of the internal circuit connected to cach of the con-
nection pads 12A and 13A, so that the apparent resistance
R _becomes constant in the connection pads 12A and 13A, as
shown in FIG. 23.

[0170] Asshown in FIG. 23, the apparent resistance value
R, is represented as

Ry=rxra(Direvra(h)]

[0171] where the value of the internal resistance of the
internal circuit connected to the connection pads 12A and
13Aisr, (i) (i=1,2,3,. . .), and r; represents the resistance
value of each resistance element interposed between the
peripheral short-circuiting ring 15S and the connection pads
12A and 13A. In this embodiment, the value R is is set as a
common value among the connection pads 12A and 13A.

[0172] FIG. 24 shows the structure of FIG. 23 in greater
detail.
[0173] As shown in FIG. 24, a resistance element having

a resistance value 1, is interposed between a contact pad
12A and the peripheral short-circuiting ring 158. Since the
internal circuit, to which the contact pad 12A, is connected,
has a great input impedance r;,(1) (r;,(1)>>r,), the apparent
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resistance value R, at the contact pad 12A,; is substantially
equal to the value r; (R =r).

[0174] On the other hand, the value r,5 of the internal
resistance between a contact pad 12A, and a contact pad
12A is smaller than the value r;,(1). Accordingly, the appar-
ent resistance values R, and R,g at the contact pads 12A,
and 12A, are represented as follows:

Ry=ryxrig(Dllratria(2)]

Ry=ryxrig(3rs+ria(3)]
[0175] where 1;,(2)=r,3+r5, and r;,(3)=r,5+r,. The resis-
tance values of the resistance elements r, and r; are set so
that the values of R, and R, become equal to the value R .

[0176] FIG. 25 shows the optimum setting of the resis-
tance values of the resistance elements r, and rs.

[0177] 1In FIG. 25, the optimum values of the resistance
elements 1, and 15 to satisfy the condition R*=R; =R, (=
1.0x10° Q) are represented by solid circles @ in the form of
a function of the internal resistance r,;. On the other hand,
squares [J represent a conventional case where the resis-
tance elements r, r,, and r, have the same resistance value,
as in the case shown in FIGS. 5A to 5C.

[0178] As shown in FIG. 25, if the value of the internal
resistance 1,4 is great, the difference between this embodi-
ment and the prior art is very small. However, if the value
of the internal resistance r,5 is small, the difference between
this embodiment and the prior art is great. In a liquid-crystal
display device that includes TFT-CMOS circuits, the differ-
ence in resistance value is a serious problem. In this embodi-
ment, however, such a problem can be effectively elimi-
nated.

[0179]

[0180] FIG. 26 shows example structures of resistance
elements 1, to 1, in the liquid-crystal display device of FIG.
7, in accordance with an eighth embodiment of the present
invention.

[0181] As shown in FIG. 26, each resistance element is
made up of conductive polysilicon patterns rp,, tp,, Ips, - -
. connected to the peripheral short-circuiting ring 15S. The
polysilicon pattern rp, has a length L, and a width W,.
Likewise, the polysilicon pattern rp, has a length L, and a
width W, and the polysilicon pattern rp; has a length L; and
a width W,.

[0182] InFIG. 26, the lengths L, L, and L, are the same
while the widths W, W,, and W are varied, due to the
positional relationship between the peripheral short-circuit-
ing ring 15S and the contact pads 12A, to 12A,. In this
embodiment, the widths W;, W,, and W are set so that the
polysilicon patterns rp, to rp; satisfy the relationship shown
in FIG. 25.

[0183] [Ninth Embodiment]

[0184] FIG. 27A shows the structures of resistance ele-
ments r, to r, in accordance with a ninth embodiment of the
present invention.

[0185] As shown in FIG. 27A, the resistance element r,
comprises diodes D, and D, that are arranged in opposite
directions and connected in parallel to each other. Likewise,
the resistance element r, comprises diodes D,, and D, that
are arranged in opposite directions and connected in parallel

[Eighth Embodiment]



US 2002/0197776 Al

to each other. In addition, the resistance element ry com-
prises diodes D5, and D, that are arranged in opposite
directions and connected in parallel to each other. With the
resistance elements r, to 15, the setting of the resistance
values Ry, R,, and R4 described with reference to FIG. 25
can be achieved by the structure shown in FIGS. 28A and
28B.

[0186] As shown in an equivalent circuit diagram of FIG.
28B, the structure shown in FIG. 28A has a TFT, and TFT,
that are diode-connected in parallel to each other, and each
have a gate length L. The channel widths W, and W, of the
TFT, and TFT, are varied so that the desired resistance
values can be obtained.

[0187] FIG. 27B shows a modification of the structure
shown in FIG. 27A, in which modification of the connected
TFT diodes is varied so as to obtain desired resistance
values.

[0188] [Tenth Embodiment]

[0189] FIGS. 29A and 29B show the structures of resis-
tance elements 1, to r, in accordance with a tenth embodi-
ment of the present invention.

[0190] Asshown in FIG.29B, each resistance element has
diodes connected in series to each other in this embodiment.
As shown in FIG. 29A, a diode-connected n-channel TFT
and a p-channel TFT are connected in series. In this struc-
ture, the variation of diode characteristics with the fluctua-
tion of the threshold voltage of the TFTs can be effectively
compensated.

[0191] Furthermore, as shown in FIG. 30, diode-con-
nected TFTs having a multiple gate structure can be used as
the resistance elements r; to r,.

[0192] The present invention is not limited to the specifi-
cally disclosed embodiments, but variations and modifica-
tions may be made without departing from the scope of the
present invention.

[0193] The present application is based on Japanese pri-
ority application No. 11-310409, filed on Oct. 29, 1999, the
entire contents of which are hereby incorporated by refer-
ence.

What is claimed is:
1. A method of producing a thin-film transistor on an
insulating substrate, comprising the steps of:

forming a polysilicon pattern on the insulating substrate,
the polysilicon pattern including a first region of a first
conductivity, a second region of the first conductivity,
a first bridging region that connects the first region and
the second region, and a second bridging region that
also connects the first region and the second region;

forming an insulating film on the insulating substrate in
such a manner that the insulating film covers the
polysilicon pattern;

forming a gate electrode pattern on the insulating film in
such a manner that the gate electrode pattern covers the
first bridging region,

forming a wiring pattern on the first region in such a
manner that the wiring pattern is in contact with the first
region; and
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cutting the second bridging region after the step of

forming the wiring pattern.

2. The method as claimed in claim 1, wherein the step of
forming the polysilicon pattern includes the step of provid-
ing conductivity to the second bridging region.

3. The method as claimed in claim 2, wherein:

the step of forming the polysilicon pattern includes the
step of providing the first conductivity to the first
region and the second region; and

the step of providing conductivity to the second bridging
region is performed at the same time as the step of
providing the first conductivity to the first region and
the second region.
4. The method as claimed in claim 1, further comprising
the steps of:

depositing a second insulating film on the insulating
substrate in such a manner that the second insulating
film covers the gate electrode pattern; and

forming an opening in the second insulating film so as to
expose the second bridging region,

the step of depositing the second insulating film and the
step of forming the opening being performed before the
step of forming the wiring pattern, but after the step of
forming the gate electrode pattern,

wherein the step of cutting the second bridging region
includes the step of removing the second bridging
region from the opening.

5. The method as claimed in claim 4, wherein:

the step of forming the wiring pattern is performed in such
a manner that the wiring pattern is formed on the
second insulating film; and

said method further comprising the steps of

depositing a third insulating film on the second insu-
lating film in such a manner that the third insulating
film covers the wiring pattern; and

forming another opening in the third insulating film so
as to expose the opening in the second insulating
film,

the step of depositing the third insulating film and the step
of forming said another opening being performed
before the step of cutting the second bridging region
but after the step of forming the wiring pattern, and

the step of cutting the second bridging region including
the step of removing the second bridging region from
the opening exposed through said another opening.

6. The method as claimed in claim 5, wherein the step of
cutting the second bridging region is performed substantially
at the time as the step of forming said another opening.

7. The method as claimed in claim 5, wherein the step of
cutting the second bridging region is performed after the
step of forming a contact hole in said another insulating film
S0 as to expose the wiring pattern.

8. A method of producing a liquid-crystal display device
including a thin-film transistor formed on a glass substrate,
said method comprising the steps of:

forming a polysilicon pattern on the glass substrate, the
polysilicon pattern including a first region of a first
conductivity, a second region of the first conductivity,
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a first bridging region that connects the first region and
the second region, and a second bridging region that
also connects the first region and the second region;

forming an insulating film on the glass substrate in such
a manner that the insulating film covers the polysilicon
pattern;

forming a gate electrode pattern on the insulating film in
such a manner that the gate electrode pattern covers the
first bridging region,

forming a wiring pattern on the first region in such a
manner that the wiring pattern is in contact with the first
region; and

cutting the second bridging region after the step of

forming the wiring pattern.

9. The method as claimed in claim 8, wherein the step of
forming the polysilicon pattern includes the step of provid-
ing conductivity to the second bridging region.

10. The method as claimed in claim 9, wherein:

the step of forming the polysilicon pattern includes the
step of providing the first conductivity to the first
region and the second region; and

the step of providing conductivity to the second bridging
region is performed at the same time as the step of
providing the first conductivity to the first region and
the second region.
11. The method as claimed in claim 8, further comprising
the steps of:

depositing a second insulating film on the glass substrate
in such a manner that the second insulating film covers
the gate electrode pattern; and

forming an opening in the second insulating film so as to
expose the second bridging region,

the step of depositing the second insulating film and the
step of forming the opening being performed before the
step of forming the wiring pattern but after the step of
forming the gate electrode pattern,

wherein the step of cutting the second bridging region
includes the step of removing the second bridging
region from the opening.

12. The method as claimed in claim 11, wherein:

the step of forming the wiring pattern is performed in such
a manner that the wiring pattern is formed on the
second insulating film; and

said method further comprises the steps of:

depositing a third insulating film on the second insu-
lating film in such a manner that the third insulating
film covers the wiring pattern, and

forming another opening in the third insulating film so
as to expose the opening in the second insulating
film,

the step of depositing the third insulating film and the step
of forming said another opening being performed
before the step of cutting the second bridging region
but after the step of forming the wiring pattern; and
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the step of cutting the second bridging region includes the
step of removing the second bridging region from the
opening exposed through said another opening.

13. The method as claimed in claim 12, wherein the step
of cutting the second bridging region is performed substan-
tially at the same time as the step of forming said another
opening.

14. The method as claimed in claim 12, wherein the step
of cutting the second bridging region is performed after the
step of forming a contact hole in the third insulating film to
expose the wiring pattern.

15. A thin-film transistor comprising:

an insulating substrate;

a polysilicon pattern formed on the insulating substrate,
the polysilicon pattern including a first region of a first
conductivity, a second region of the first conductivity,
and a channel region that connects the first region and
the second region,

a gate insulating film that covers the channel region; and
a gate electrode pattern formed on the channel region,

the polysilicon pattern further including a first extending
portion that extends from the first region to a first top
end, and a second extending portion that extends from
the second region to a second top end.

16. The thin-film transistor as claimed in claim 15,
wherein the first extending portion and the second extending
portion have the same conductivity.

17. The thin-film transistor as claimed in claim 15, further
comprising a second insulating film formed on the insulating
substrate in such a manner that the insulating film covers the
polysilicon pattern and the gate electrode pattern,

wherein the second insulating film has an opening expos-
ing the first top end and the second top end at a location
between the first extending portion and the second
extending portion.

18. A liquid-crystal display device comprising:

a first glass substrate;

a second glass substrate that faces the first glass substrate,
with a gap being maintained between the first glass
substrate and the second glass substrate;

a liquid-crystal layer enclosed in the gap between the first
glass substrate and the second glass substrate; and

a thin-film transistor formed on a surface of the first glass
substrate, the surface facing the second glass substrate,

wherein the thin-film transistor comprises:

a polysilicon pattern that is formed on the surface of the
first glass substrate, and includes a first region of a
first conductivity, a second region of the first con-
ductivity, and a channel region that connects the first
region and the second region;

a gate insulating film that covers the channel region;
and

a gate electrode pattern formed on the channel region,

the polysilicon pattern further comprising a first
extending portion that extends from the first region
to a first top end, and a second extending portion that
extends from the second region to a second top end.
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19. The liquid-crystal display device as claimed in claim
18, wherein the first extending portion and the second
extending portion have the same conductivity.

20. The liquid-crystal display device as claimed in claim
18, further comprising a second insulating film formed on
the surface of the first glass substrate in such a manner as to
cover the polysilicon pattern and the gate electrode pattern,

wherein the second insulating film has an opening that is
formed at a location between the first extending portion
and the second extending portion, and exposing the first
top end and the second top end.
21. The liquid-crystal display device as claimed in claim
20, wherein:

the second insulating film has a first contact hole, a second
contact hole, and a third contact hole so as to expose the
first region, the second region, and the gate electrode
pattern, respectively;

the second insulating film also has a first wiring pattern,
a second wiring pattern, and a third wiring pattern,
which are formed on the insulating film and are to be
electrically connected to the first region, the second
region, and the gate electrode pattern, through the first
contact hole, the second contact hole, and the third
contact hole, respectively; and

said liquid-crystal display device further comprises:

a third insulating film formed on the second insulating
film in such a manner that the third insulating film
covers the first wiring pattern, the second wiring
pattern, and the third wiring pattern;

a pixel electrode formed on the third insulating film;
and
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a molecular orientation film formed on the third insu-
lating film in such a manner that the molecular
orientation film covers the pixel electrode and is in
contact with the liquid-crystal layer,

the pixel electrode being connected to the first wiring
pattern through a contact hole formed in the third
insulating film,

the molecular orientation film filling the opening
through another opening formed in the third insulat-
ing film so as to expose the opening.
22. A thin-film transistor substrate comprising:

a glass substrate that has a panel region formed thereon;

a conductive peripheral short-circuiting ring that is
formed in the panel region on the glass substrate and
extends along the boundary of the panel region without

4 gap,

an internal circuit that is formed in the panel region on the
glass substrate, includes a plurality of thin-film tran-
sistors formed on the glass substrate, and is provided
with a plurality of connection terminals; and

a plurality of resistor elements that are formed in the panel
region on the glass substrate, each of the plurality of
resistor elements electrically connecting a respective
one of the connection terminals to the peripheral short-
circuiting ring, each of the resistor elements having a
resistance value such that the impedance at each of the
connector terminals is substantially constant.
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