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(57) ABSTRACT 

An active-matrix Substrate 1 of the present invention is 
provided with a protecting circuit 12 which connects adja 
cent Spare wires 7 in order to protect the Substrate from an 
undesired high Voltage which is applied to a plurality of the 
Spare wires 7 disposed on the active-matrix Substrate 1. 
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ACTIVE-MATRIX SUBSTRATE AND INSPECTING 
METHOD THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to an active-matrix 
Substrate and an inspecting method thereof, more specifi 
cally, relates to the active-matrix Substrate which is used for 
a device Such as an active-matrix liquid crystal display 
device in which driving Voltage is applied to a pixel elec 
trode via a Switching element and liquid crystal is driven in 
accordance with a potential difference between the pixel 
electrode and an opposing electrode So as to provide a 
display, and concerns the inspecting method thereof. 

BACKGROUND OF THE INVENTION 

0002 Conventionally, an active-matrix liquid crystal dis 
play device has been arranged in a State in which individual 
pixel portions are independently disposed in a matrix form, 
and each pixel portion is provided with a pixel electrode and 
a Switching element. 
0003. In the above-mentioned active-matrix liquid crystal 
display device, driving Voltage is applied to the pixel elec 
trode Via the Switching element, liquid crystal is driven in 
accordance with a potential difference between the pixel 
electrode and an opposing electrode which is disposed in a 
manner So as to oppose the pixel electrode Via the liquid 
crystal, and transmitted light or reflected light is Subjected to 
an optical modulation So as to display an image on the liquid 
crystal display panel. 
0004. In the above-mentioned liquid crystal display 
device, an MIM (Metal Insulator Metal) element or TFT 
(Thin Film Transistor) element has been used as the Switch 
ing element. Especially, a liquid crystal panel using the TFT 
element has been most widely used as the active-matrix 
liquid crystal display device thanks to its quality and cost 
efficiency. 
0005. In the above-mentioned liquid crystal display 
device in which the TFT element is used, with regard to the 
pixel portions arranged in a matrix form, Scanning lines for 
inputting a Scanning Signal which controls the Switching 
element and Signal lines for inputting a Signal of an image 
which is to be displayed on the liquid crystal panel are 
vertically and horizontally disposed. Further, a between 
layer insulating film is formed between the Scanning and 
Signal lines and the pixel electrode. 
0006. In the liquid crystal display device having the 
abovementioned construction, the between-layer insulating 
film allows the pixel electrode to be Stacked on the Scanning 
lines and the Signal lines. Further, for example, Japanese 
Published Unexamined Patent Application No. 172685/1983 
(Tokukaisho 58-172685, published on Oct. 11, 1983) dis 
closes a liquid crystal display device which has the above 
mentioned construction So as to improve an aperture rate of 
each pixel, and furthermore, So as to allow the insulating 
film to shield from electric field induced by a signal line, 
thereby reducing defects in alignment of liquid crystal. 
0007 Incidentally, a Switching element such as the TFT 
element is generally weak against Strong electric field. 
Therefore, Static electricity appearing during a manufactur 
ing process of the liquid crystal display device tends to 
destroy the TFT element. For example, the liquid crystal 
display device is provided with an alignment film made of 
polyimide that determines the alignment direction of the 
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liquid crystal on the Substrate. Further, the alignment film is 
rubbed with a cloth in one direction so as to determine the 
aligning direction of a liquid crystal molecule. At this time, 
Static electricity appears by the rubbing operation. 

0008. When the scanning lines and signal lines on the 
Substrate become charged by the Static electricity, an influ 
ence is given on a crystal Structure of a Semiconductive layer 
within the TFT element. Therefore, the threshold of the TFT 
element is shifted by Several volts. As a result, the Switching 
operation of the Switching element is not normally per 
formed So that a portion which has received Static electricity 
is recognized as a defected pixel. 

0009. In order to prevent the above-mentioned problem, 
in the manufacturing process of the Substrate, each input 
terminal of the Scanning lines and the Signal lines is gener 
ally short-circuited by a metal pattern referred to as a short 
ring. However, after the active-matrix Substrate and an 
opposing Substrate have been bonded to each other So as to 
form the liquid crystal panel, the short ring is removed 
before peripheral circuits Such as a driver have been 
installed on the input terminals. Therefore, the input termi 
nal of the short ring is not appropriate for a measure against 
Static electricity appearing during the installing process. 

0010 For this reason, in the vicinity of the input termi 
nals of the Scanning lines and/or the Signal lines, protecting 
circuits are provided So as to connect the adjacent Scanning 
lines and/or the adjacent Signal lines. 

0011 FIG. 9 is a plan view schematically showing the 
construction of a conventional active-matrix Substrate 51. 
The liquid crystal panel has a construction in which an 
active-matrix Substrate 51 and an opposing Substrate 52 are 
bonded to each other with a Sealing member(not shown), and 
liquid crystal(not shown) is sealed into a gap between the 
Substrates 51 and 52. 

0012. On the active-matrix substrate 51, a plurality of 
Scanning lines 53 and a plurality of Signal lines 54 are 
Vertically and horizontally disposed. Each of the areas 
divided by the scanning lines 53 and the signal lines 54 is 
referred to as a pixel portion 55, and an effective display area 
56 is constituted by the pixel portions 55 which are disposed 
in a matrix form. 

0013 Furthermore, on the active-matrix substrate 51, a 
plurality of Spare wires 57 are disposed on the input Side and 
the non-input Side of the Signal lines 54. 

0014. Additionally, on the active-matrix substrate 51, a 
Scanning-line input terminal 58 and a Signal-line input 
terminal 59 are respectively formed on each end of the 
scanning lines 53 and each end of the signal lines 54. And 
protecting circuits 60 are formed So as to connect the 
adjacent Scanning lines 53 and to connect the adjacent Signal 
lines 54 on the active-matrix Substrate 51. 

0015 The protecting circuit 60 is, for example, formed 
by using a Switching element adopting a diode. Namely, as 
shown in FIG. 10, the two switching elements are arranged 
in parallel in the opposite direction from each other So as to 
form a diode ring Structure, which Serves as the protecting 
circuit 60. The protecting circuits 60 are arranged in a 
manner So as to connect the adjacent Scanning lines 53 and 
to connect the adjacent Signal lines 54. 
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0016 For example, Japanese Published Unexamined 
Patent Application No. 106788/1988 (Tokukaisho 
63-106788, published on May 11, 1988) discloses the above 
mentioned construction. With this arrangement, even in the 
case when electric field exceeding a certain value is con 
centrated on a certain portion, the electric charge can be 
released to the adjacent Scanning line 53 and the adjacent 
Signal line 54; thus, it is possible to prevent defects caused 
by the aforementioned electroStatic destruction. 
0017 Moreover, as shown in FIG. 9, the active-matrix 
substrate 51 is provided with a plurality of terminals 61 for 
a lighting inspection. The active-matrix SubStrate 51 is cut 
along a division line 62 upon completion of the lighting 
inspection So that the terminals 61 are removed. 
0018) As shown in FIG. 9, the spare wires 57 are 
normally disposed outside the effective display area 56 So as 
to intersect the end portions of the signal lines 54 and/or the 
Scanning lines 53. Therefore, in many cases, terminal por 
tions 63 of the spare wires 57 are placed closer to the corners 
of the liquid crystal panel as compared with the terminals 58, 
59, and 60 of the scanning lines 53 and the signal lines 54. 
Hence, upon handling the panel, the terminal portions 63 of 
the spare wires 57 tend to come into contact with static 
electricity prior to other portions. Thus, in the case when the 
panel comes into contact with an object which is electro 
Statically charged, or in the case when the panel has been 
electroStatically charged and the terminal portions 63 of the 
spare wires 57 come into contact with the object so that the 
object is Subjected to an electric discharge, high Voltage 
tends to be applied to the spare wires 57. 
0.019 However, the conventional protecting circuits 60 
are provided in order to prevent an electroStatic destruction 
of the TFT elements so that the spare wires 57, which have 
no Semiconductor element thereon, are not provided with the 
protecting circuits 60. 
0020 Incidentally, the spare wires 57 are connected with 
the Signal lines 54 and the Scanning lines 53 by using laser, 
only after defects have been found on the signal lines 54 
and/or the scanning lines 53. Thus, the spare wires 57 are 
normally arranged So as not to be electrically connected with 
the signal lines 54 and the scanning lines 53. Therefore, the 
impedance is extremely high. In the case when high Voltage 
is applied from terminal portions 63, etc. due to Static 
electricity, puncture caused by the high Voltage appears at 
interSecting portions 64, which are the interSections of the 
spare wires 57 and the signal lines 54 and/or the scanning 
lines 53, and which is provided for a connection with laser. 
AS a result, electric problems appear in Some cases. 
0021 Further, even in the case when puncture does not 
occur at the interSecting portions 64, the potential of the 
signal lines 54 and/or the scanning lines 53 partially 
increases up to around the potential of the Spare wires 57. 
Consequently, a problem occurs in the operation of the TFT 
element disposed on each of the pixel portions 55. 

SUMMARY OF THE INVENTION 

0022. The objective of the present invention is to provide 
an active-matrix Substrate which prevents puncture from 
occurring at the interSections of Spare wires and Signal lines 
or Scanning lines and prevents degradation in a property of 
TFT elements that is caused by a Surge of potential, and to 
provide an inspecting method thereof. 
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0023. In order to achieve the above-mentioned objective, 
the active-matrix Substrate of the present invention is char 
acterized by: a Substrate, a plurality of Scanning lines which 
are disposed in parallel on the Substrate, Signal lines which 
are arranged in parallel So as to interSect the Scanning lines 
on the Substrate, a plurality of Spare wires which are 
arranged on the input Side and non-input Side of the Signal 
lines and/or the Scanning lines So as to interSect the Signal 
lines and/or the Scanning lines, and first protecting circuits 
which connect the adjacent Spare wires So as to prevent an 
undesired high Voltage from being applied to the Spare wire. 

0024. With the above-mentioned arrangement, in the case 
when an object which has been electroStatically charged 
comes into contact with one of the Spare wires, or in the case 
when one of the Spare wires comes into contact with an 
object which has been grounded or an object having a large 
capacity in a State in which the panel bears electric charge, 
the first protecting circuit allows the electric charge to be 
released to the adjacent Spare wire So that it is possible to 
prevent electric field from being concentrated on a certain 
spare wire. This effect is realized by the following function: 
relative to a certain amount of electric charge, the capaci 
tance increases in accordance with the number of Spare 
wires connected with the first protecting circuits So that the 
Voltage caused by the electric charge is effectively reduced. 
0025 Therefore, it is possible to prevent puncture from 
occurring at the interSections of the Spare wires and the 
Signal lines or the Scanning lines, and to prevent degradation 
in properties of the TFT elements that is caused by a Surge 
of potential. 

0026 Further, with the above-mentioned arrangement, 
the active-matrix Substrate of the present invention is also 
allowed to be provided with terminals connected with the 
Scanning lines for the lighting inspection, terminals con 
nected with the Signal lines for the lighting inspection, 
terminals connected with the Spare wires for the lighting 
inspection, and fourth protecting circuits for connecting the 
adjacent spare wires, in an area which is to be cut off upon 
completion of the lighting inspection. 

0027. The above-mentioned arrangement is provided 
with the fourth protecting circuit; therefore, it is possible to 
prevent puncture from occurring at the interSections of the 
Spare wires and the Signal lines or the Scanning lines, and to 
prevent degradation in property of the TFT elements that is 
caused by a Surge of the potential. 

0028. In the case when defects are found on lines in the 
lighting inspection, it is necessary to electrically inspect 
whether the Spare wires are connected with the Signal lines 
or the Scanning lines with Sufficiently low resistance by 
using laser. Thus, it is not possible to leave a short circuit 
among a plurality of the Spare wires and between the Spare 
wires and the Signal lines or the Scanning lines. Therefore, 
the conventional arrangement has the Spare wires which are 
electrically independent from each other, thereby offering 
leSS protection against Static electricity than the Signal lines 
and the Scanning lines. 
0029. The above-mentioned arrangement is provided 
with the fourth protecting circuits So that it is possible to 
effectively protect the Spare wires from Static electricity in a 
more positive manner. Further, the fourth protecting circuits 
are disposed in an area which is to be cut off upon comple 



US 2001/0045998 A1 

tion of the lighting inspection So that the fourth protecting 
circuits are cut off before a displaying operation; thus, the 
fourth protecting circuits are free from a restraint in which 
the resistance value needs to be not less than 2 MS2. Namely, 
the fourth protecting circuit merely needs to have a resis 
tance which is sufficiently high for determining whether the 
resistance at the connected portion is Sufficiently low or not 
upon correcting the above-mentioned defects on lines by 
using laser. High reliability is not required. Thus, any 
problems are not caused even when an extremely large 
channel width is arranged for releasing a large amount of 
Static electricity. 

0030) Furthermore, as described above, in the liquid 
crystal panel, a lighting inspection is performed before the 
external circuits have been installed. At this time, generally, 
Some or all the Signal lines are Supplied with the same Signal, 
or a plurality of the Scanning lines are electrically bundled 
in a simple manner So that the inspection is carried out in a 
Simpler manner with more efficiency. Therefore, an area, 
which is to be cut off upon completion of the lighting 
inspection, is provided with terminals which are connected 
with Some or all the Signal lines for the lighting inspection, 
and terminals which are connected with a plurality of the 
Scanning lines for the lighting inspection. Upon completion 
of the lighting inspection, these terminals are cut off from 
the Signal lines and the Scanning lines So as to allow each of 
the Signal lines and the Scanning lines to become electrically 
independent. 

0.031 Furthermore, an inspecting method of the active 
matrix Substrate is characterized by including a step of 
determining Voltage applied to a resistance measuring 
device, which measures loop resistance, So as to allow the 
resistance value of the fourth protecting circuit to be more 
than 20 times the resistance value of one Spare wire. 

0.032 The above-mentioned method makes it possible to 
readily determine whether the resistance is sufficiently low 
at the connecting portion upon correcting defects on lines by 
using laser. 

0033. In the case when defects are found on lines, it is 
necessary to electrically inspect whether the Spare wires are 
connected with Sufficiently low resistance after the Spare 
wires have been connected by using laser. In this case, this 
inspection is performed as follows: after a correction has 
been made by using the adjacent spare wires, loop resistance 
is measured between the adjacent Spare wires via a portion 
connected by using laser. 

0034) For this reason, the resistance value via the fourth 
protecting circuit needs to be Sufficiently larger than the loop 
resistance in order to find a correct resistance of the con 
nection. Therefore, Voltage applied to the resistance mea 
Suring device is determined So as to allow the resistance 
value of the fourth protecting circuit disposed between the 
Spare wires to exceed 20 times the resistance value of one 
Spare wire; thus, it is possible to Smoothly inspect the 
resistance. 

0035. For a fuller understanding of the nature and advan 
tages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 is a plan view schematically showing a 
construction of an active-matrix Substrate in accordance 
with one embodiment of the present invention. 
0037 FIG. 2 is a plan view showing a pixel portion of the 
active-matrix Substrate. 

0038 FIG. 3 is an A-A sectional view showing the pixel 
portion of FIG. 2. 
0039 FIG. 4 is a circuit diagram showing a protecting 
circuit disposed in the active-matrix Substrate. 
0040 FIG. 5 is a plan view showing the protecting circuit 
of the FIG. 4. 

0041 FIG. 6 is a B-B' sectional view showing the 
protecting circuit of FIG. 5. 
0042 FIG. 7 is a graph showing an electric property of 
the protecting circuit having a diode ring Structure. 
0043 FIG. 8 is a plan view schematically showing a 
construction of an active-matrix Substrate in accordance 
with another embodiment of the present invention. 
0044 FIG. 9 is a plan view schematically showing a 
construction of a conventional active-matrix Substrate. 

004.5 FIG. 10 is a circuit diagram showing a protecting 
circuit disposed in the conventional active-matrix Substrate. 

DESCRIPTION OF THE EMBODIMENTS 

0046 Embodiment 1 
0047 Referring to FIGS. 1 through 7, the following 
explanation describes one embodiment of the present inven 
tion. 

0048 FIG. 1 is a plan view schematically showing a 
construction of an active-matrix Substrate 1 in accordance 
with the present embodiment. The active-matrix substrate 1 
is used for a liquid crystal panel of a liquid crystal display 
device. The liquid crystal panel has a construction in which 
the active-matrix Substrate 1 and an opposing Substrate 2 are 
bonded to each other with a Sealing member(not shown), and 
liquid crystal(not shown) is sealed into a gap between the 
Substrates 1 and 2. 

0049. On the active-matrix substrate 1, a plurality of 
Scanning lines 3 and a plurality of Signal lines 4 are disposed 
So as to intersect one another, and furthermore, the inputside 
and the non-input Side of the Signal lines 4 are respectively 
provided with a plurality of spare wires 7. Each of the areas 
divided by the Scanning lines 3 and the Signal lines 4 is 
referred to as a pixel portion 5, and the pixel portions 5 are 
arranged in a matrix form So as to constitute an effective 
display area 6. 

0050. On the active-matrix substrate 1, the ends of the 
Scanning lines 3 and the Signal lines 4 are respectively 
provided with Scanning line input terminals 8 and Signal line 
input terminals 9. Each end of the spare wires 7 is provided 
with a terminal 13. Further, between the adjacent Scanning 
lines 3 and between the adjacent Signal lines 4 on the 
active-matrix Substrate 1, protecting circuits 10 are formed 
in a manner So as to connect the adjacent Scanning lines 3 
and to connect the adjacent Signal lines 4. 
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0051. The active-matrix substrate 1 of the present 
embodiment is further provided with protecting circuits 12 
between a plurality of the Spare wires 7, and protecting 
circuits 11 between the spare wire 7 and the scanning line 3 
and between the spare line 7 and the signal line 4. This 
arrangement will be described later. 
0.052 FIG. 2 is a plan view of the pixel portion 5 formed 
on the active-matrix Substrate 1. As shown in FIG. 2, within 
the pixel portion 5 formed by a division by the scanning line 
3 and the signal line 4, a TFT element 21, a pixel electrode 
22, an auxiliary capacity wire 23, a contact hole 24, and a 
transparent conductive film 25 are formed. 
0053. The scanning line 3 is connected with a gate 
electrode of the TFT element 21. The signal line 4 is 
connected with a source electrode of the TFT element 21. A 
drain electrode of the TFT element 21 is connected with the 
pixel electrode 22, and further, one terminal of the auxiliary 
capacity of the pixel portion 5 via the transparent conductive 
film 25. The auxiliary capacity wire 23 serves as the other 
terminal of the auxiliary capacity. The auxiliary capacity 
wire 23 is connected with an opposing electrode(not shown) 
which is disposed in a manner So as to oppose the pixel 
electrode 22. The pixel electrode 22 is connected with the 
drain electrode of the TFT element 21 via the contact hole 
24 formed in a manner So as to penetrate a between-layer 
insulating film 32, which will be described later. 

0054) The TFT element 21, which has a construction 
shown in FIG. 3, is formed as follows: A gate electrode 26 
is formed on a transparent insulating Substrate 31 made of 
glass and So on, and a gate insulating film 27 is formed in 
a manner So as to cover the insulating Substrate 31 and the 
gate electrode 26. Above the gate electrode 26, a Semicon 
ductive thin film 28 is formed via the gate insulating film 27. 
A source electrode 29a constituted by an n-silicon layer is 
formed on the Source Section of the Semiconductive thin film 
28, and a drain electrode 29b constituted by an n-silicon 
layer is formed on a drain Section of the Semiconductive thin 
film 28. 

0.055 The source electrode 29a is connected with a metal 
layer 30a Serving as a Source wire, and the drain electrode 
29b is connected with a metal layer 30b serving as a drain 
wire. The Surface of the TFT element 21 is covered with the 
between-layer insulating film 32. Further, the pixel electrode 
22 is formed on the between-layer insulating film 32. The 
pixel electrode 22 is connected with the metal layer 30b 
placed on the drain side of the TFT element 21, via the 
contact hole 24. 

0056. As shown in FIG. 4, each of the protecting circuits 
10 through 12 has a diode ring structure in which the 
Switching elements 12a and 12b (semiconductor element) 
are connected in parallel in the opposite direction from each 
other, each of the Switching elements 12a and 12b being 
connected with a diode. 

0057. As described above, the protecting circuits 10 are 
provided between the adjacent Scanning lines 3 and between 
the adjacent Signal lines 4, the protecting circuits 12 are 
provided between the adjacent Spare wires 7, and the pro 
tecting circuits 11 are provided between the Spare wire 7 and 
the Scanning line 3 and between the Spare wire 7 and the 
signal wire 4. Each of the protecting circuits 10 through 12 
has the same construction. Referring to FIGS. 4 through 6, 
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the following explanation shows a construction of the pro 
tecting circuit 12 as an example, that is provided between 
adjacent spare wires 7a and 7b of the spare wires 7 in order 
to describe the constructions of the protecting circuits 10 
through 12. 
0058. In the Switching element 12a, the source section 
and the gate Section are short-circuited, and the both Sections 
are electrically connected with the drain Section of the 
Switching element 12b and the spare wire 7a. The drain 
Section of the Switching element 12a is electrically con 
nected with the spare wire 7b and the source section and the 
gate Section of the Switching element 12b. 
0059) Meanwhile, in the switching element 12b, the 
Source Section and the gate Section are short-circuited, and 
both Sections are electrically connected with the drain Sec 
tion of the Switching element 12a and the spare wire 7b. The 
drain Section of the Switching element 12b is electrically 
connected with the Spare wire 7a and the Source Section and 
the gate Section of the Switching element 12a. 
0060. As shown in FIG. 5, the Switching element 12a has 
a construction in which the semiconductive thin film 17, etc. 
is provided on a metal film 15a which is integrally formed 
with the spare wire 7a. The source section of the semicon 
ductive thin film 17 is connected with a metal layer 19a 
Serving as a Source wire, and the drain Section is connected 
with a metal layer 19b serving as a drain wire. The metal 
layer 19b is connected with a metal film 15b which is 
integrally formed with the spare wire 7b. 
0061 Meanwhile, the Switching element 12b has a con 
struction in which the semiconductive thin film 17, etc. is 
provided on the metal film 15b which is integrally formed 
with the spare wire 7b. The source section of the semicon 
ductive thin film 17 is connected with the metal layer 19a 
Serving as a Source wire, the drain Section is connected with 
the metal layer 19b serving as a drain wire. The metal layer 
19b is connected with the metal film 15a. 

0062. As shown in FIG. 6, in the Switching elements 12a 
and 12b, the metal films 15a and 15b are separately formed 
on the insulating Substrate 31, and the gate insulating film 16 
is formed in a manner So as to cover the metal films 15a and 
15b. Above one of the metal films 15a and 15b serving as a 
gate electrode, the semiconductive thin film 17 is formed via 
the gate insulating film 16. A Source electrode 18a consti 
tuted by an n-silicon layer is formed on the Source Section 
of the semiconductive thin film 17, and a drain electrode 18b 
constituted by an n-Silicon layer is formed on the drain 
Section. 

0063. The metal layer 19a serving as a source wire is 
connected with the Source electrode 18a, and the metal layer 
19b serving as a drain wire is connected with the drain 
electrode 18b. And the between-layer insulating film 32 is 
formed in a manner So as to cover the Switching elements 
12a and 12b. 

0064. In the above-mentioned protecting circuit 12, in the 
case when the Spare wire 7a become charged with Static 
electricity, etc., the electric charge is released via the Switch 
ing element 12a to the spare wire 7b. In the case when 
electric charge appears on the Spare wire 7b, the electric 
charge is released via the Switching element 12b to the Spare 
wire 7a. Therefore, even when high Voltage is applied to one 
of the Spare wires 7 due to Static electricity, the protecting 
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circuit 12 allows the electric charge to be released to the 
neighboring spare wire 7, and it is possible to prevent 
electric field from being concentrated on a certain spare wire 
7. 

0065. In other words, with regard to a certain amount of 
electric charge appearing on the Spare wire 7, the Static 
electricity capacity which receives the electric charge 
increases proportionally to the number of the Spare wires 7 
connected by the protecting circuits 12, thus, the Voltage of 
the electric charge can be effectively reduced. 

0.066 Therefore, even in the case when the terminals 13, 
etc. of the Spare wires 7 come into contact with an object 
which is charged with Static electricity So that high Voltage 
is applied to the Spare wires 7 due to the Static electricity, or 
even in the case when the panel is charged with Static 
electricity which is discharged to an object when the termi 
nals 13 of the spare wires 7 come into contact with the object 
So that a large difference appears between electric potentials 
of the entire panel and the Spare wires 7 and a high Voltage 
is applied to the Spare wires 7, the protecting circuits 12 
make it possible to prevent high Voltage appearing at the 
interSections of the Spare wires 7 and the Signal lines 4 or the 
Scanning lines 3 from causing puncture, and further to 
prevent a Surge of electric potential from causing a degra 
dation in property of the TFT elements 21. 

0067. The active-matrix substrate 1 is provided with the 
protecting circuits 11 between the Spare wire 7 and the 
Scanning line 3 and between the Spare line 7 and the Signal 
wire 4 as well as between the adjacent spare wires 7. 
0068. This arrangement is much more effective in pre 
venting the puncture and other defects as compared with the 
case in which Static electricity is received in accordance with 
the number of the disposed spare wires 7. Specifically, the 
number of the spare wires 7 is generally limited to a few 
more than ten; meanwhile, the number of the Signal lines 4 
or the Scanning lines 3 ranges from Several hundreds up to 
Several thousands in accordance with the display area; thus, 
when all these lines are connected with the protecting 
circuits 10 through 12, the voltage can be reduced to from 
one several hundredths to one several thousandths with 
regard to the same amount of electric charge. 

0069. The protecting circuits 11 connects the spare wire 
7 and the Signal line 4 and connects the Spare wire 7 and the 
Scanning line 3 So that even when Static electricity is applied 
to one of the Spare wires 7, the electric charge is released to 
all the Signal lines 4 and Scanning lines 3 via the protecting 
circuits 11 with time; thus, no voltage is applied between the 
Spare wire 7 and the Signal line 4 and between the Spare wire 
7 and the scanning line 3. Therefore, it becomes possible to 
prevent defects caused by Static electricity. 

0070 Here, the protecting circuits 12 are disposed 
between the adjacent spare wires 7 in the vicinity of the 
terminals 13; however, the protecting circuits 12 are also 
allowed to be disposed between the adjacent terminals 13. 
The protecting circuits 10 and 11 are also allowed to be 
arranged in the same manner. 

0071 Next, the following explanation describes a manu 
facturing method of the active-matrix Substrate 1 and a 
manufacturing method of the liquid crystal display device in 
which the active-matrix Substrate 1 is adopted. 
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0072. On the insulating Substrate 31, a metal layer is 
formed into a predetermined pattern by using a method Such 
as a Sputtering method. The metal layer is made into the 
scanning lines 3, the spare wires 7, the metal films 15a and 
15b, and the gate electrode 26. And then, an insulating film 
is formed So as to Serve as the gate insulating films 16 and 
27. The following layers are successively formed into pre 
determined patterns by using a method Such as the Sputtering 
method: (1) a semiconductive layer which is made into 
semiconductive thin films 17 and 28, (2) n-silicon layer 
which is made into the Source electrodes 18a and 29a and 
the drain electrodes 18b and 29b, and (3) a metal layer which 
is made into the signal lines 4, the metal layers 19a and 30a, 
and the metal layers 19b and 30b. 
0073. Further, on the signal lines 4, etc., a photosensitive 
acrylic resin is formed into the between-layer insulating film 
32 with a thickness of 3 um by using a spin applying method. 
The photoSensitive acrylic resin is exposed in accordance 
with a predetermined pattern and is Subjected to an alkaline 
Solution So as to form the contact hole 24 which penetrates 
the between-layer insulating film 32. 
0074. Upon forming the between-layer insulating film 32, 
on the terminals 8 and 9 of the signal lines 4 and the 
Scanning lines 3, the between-layer insulating film 32 is not 
formed So that it is possible to keep an electric contact via 
TAB with an external circuit; meanwhile, the between-layer 
insulating film 32 is disposed on the upper layer of the 
protecting circuits 10 through 12. The objective is to prevent 
leakage from occurring between the Source and drain on the 
protecting circuits 10 through 12, and further to prevent a 
Substance stuck to the wires from applying an unnecessary 
Voltage between the diodes and giving an adverse effect on 
the display, after the external circuit has been installed and 
the display device has been achieved. 
0075) Furthermore, a transparent conductive film, which 
Serves as the pixel electrode 22, is formed by using the 
Sputtering method and is Subjected to a patterning operation. 
The pixel electrode 22 is connected with the drain electrode 
29b of the TFT element 21 via the contact hole 24 penetrat 
ing the between-line insulating film 32, and the metal layer 
3Ob. 

0076 On the effective display area 6 of the active-matrix 
Substrate 1 that is achieved in the above-mentioned process, 
a polyimide alignment film is formed and the aligning 
function is added thereon by performing a rubbing operation 
and So on. On the opposing Substrate 2, after a transparent 
common electrode made of ITO, etc. has been formed into 
a film thereon, a part corresponding to an effective display 
area 6 is Subjected to an aligning operation. 
0077 And then, on a peripheral part of the panel, a 
Sealing member is applied in a manner So as to Surround the 
panel except for an inlet for filling liquid crystal by using a 
method Such as a printing method. And on the active-matrix 
Substrate 1, a conductive material is bonded to the Signal 
input terminals for opposing electrodes, Spacers for keeping 
even the cell thickness of the liquid crystal layer are dis 
persed, the Sealing member is bonded to the opposing 
Substrate 2, and finally a heating operation is performed So 
as to harden the Sealing member. 
0078 Afterwards, liquid crystal is filled from the inlet for 
filling liquid crystal and the inlet is Sealed with a Sealing 
member So as to achieve a liquid crystal panel of the liquid 
crystal display device. And a driver, a control circuit, and a 
backlight and other members are installed So as to achieve 
the liquid crystal display device. 
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0079 Here, in the active-matrix substrate 1 of the present 
embodiment, each of the Switching elements 12a and 12b 
constituting the protecting circuit 12 has a channel length L 
and a channel width W(shown in FIG. 5) of L=5 um and 
W=50 lum. This arrangement is devised for the following 
reason. Note that, as shown in FIG. 5, the interval between 
the metal layers 19a and 19b corresponds to the channel 
length L, and the width of the semiconductive thin film 17 
corresponds to the channel width W. 

0080. In order to determine the values of the channel 
length L and the channel width W, with regard to the 
conventional liquid crystal display device in which the 
protecting circuits are disposed merely between the Signal 
lines and between the Scanning lines, the Signal wires are 
corrected by using the Spare wires. 
0.081 Firstly, in the vicinity of the input terminals of the 
Signal lines, the Signal lines are cut by using laser. And, in 
the normal process for the case in which defects are found 
on lines by inspection; namely, the Spare wires respectively 
disposed on the input Side and the non-input Side of the 
Signal lines are welded and connected with the disconnected 
Signal line at the interSection by using laser. The Spare wires 
disposed on the input Side and the non-input Side are 
respectively conducted by the external circuit So that 
between the non-input Side and the disconnected portion, a 
Signal applied from the terminal of the Signal line is given 
from the opposite Side of the panel, namely, from the 
opposite Side of the input terminals of the Signal lines, via 
the connected Spare wires. 
0082 In this case, the input terminals of the spare wires 
are grounded via resistance in order to confirm a margin for 
leakage current related to the Signal. As a result, the leakage 
current of not less than 1 MS2 causes no problem on the 
display as well as in a reliability test equivalent to 50,000 
hours of practical use. However, it is confirmed that Some 
corrected lines are visually observed when the leakage 
current is not more than 1 MS2. 

0.083. The protecting circuit 12 connects the adjacent 
wires with one wire So that it is necessary to set one 
resistance value at not less than 2 MS2. Therefore, the 
protecting circuit 12 is arranged as follows: 

0084. As shown in FIG. 4, in the protecting circuit 12, 
the gate electrode and the source electrode of the TFT are 
short-circuited so as to form the diode which has a forward 
direction from the gate/Source Side to the drain side. The 
construction unit of the protecting circuit 12 is constituted 
by the diodes which are connected in parallel in two direc 
tions. Even when any one of the spare wires 7a and 7b 
receives high electric potential, at least one of the diodes has 
a forward direction So as to release electric charge to the 
other. 

0085 FIG. 7 is a graph showing an electric property of 
a protecting circuit having the above-mentioned diode ring 
Structure, and showing current in accordance with Voltage 
applied between the adjacent wires in a linear Scale and a log 
scale. A curve P corresponds to the linear scale of the left 
axis and shows the property of current Ids-Voltage Vds of 
the protecting circuit in the linear Scale of -5 uA-5 uA. The 
curve Q corresponds to the log Scale of the right axis and 
shows the property of the current Ids-voltage Vds of the 
protecting circuit in the log scale of -10' A-10A. As 
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mentioned above, the log display by using the curve Q 
makes it possible to read the current value of the area 
(-5V<Vds<5V) which overlaps an axis of 0A in the linear 
display. However, the log display does not show a current 
value with regard to a Voltage value of not more than 0. 

0086 As shown in FIG. 7, the protecting circuit is a 
nonlinear element whose resistance value considerably 
decreases as the applied Voltage increases, namely, the 
resistance value and the Voltage are Symmetrical on the 
positive side and the negative side. 

0087. Note that, the property shown in FIG. 7 is a 
measured value on the assumption of W=15 um, L=5 um, 
SiNX (dielectric constant of 6.9) serving as the gate insu 
lating film with a thickness of 3440 A, and an anodic 
oxidation film (dielectric constant of 24) made of Ta with a 
thickness of 1500 A for forming the gate wire. On the 
assumption that the mobility of electric charge of amorphous 
silicon is 0.35 cm/VS and the threshold voltage is 10V, this 
property virtually corresponds to the following equation in 
the area of not less than a voltage of Vds 10V in a protecting 
circuit. The equation is a general approximate equation of 
current in a Saturated area of a MOS transistor. 

0088 According to the above-mentioned equation, for 
example, normally, in order to realize the above-mentioned 
resistance value of not less than 2 MS2 for the maximum 
voltage value of 4V between the spare wires 7, it is desirable 
to set W/L at not more than 80. However, in an actual 
arrangement, it is necessary to Set the W/L Smaller for the 
following reason: 

0089 Namely, in the case of the amorphous silicon, 
unlike mono-crystalline Si, the density of defects is high in 
the film, and a drift effect becomes dominant upon applying 
high Voltage So that the property readily tends to correspond 
to a theory equation; meanwhile, in a weak electric field, it 
becomes impossible to ignore the influence of an acquisition 
due to a diffusion and a trap level, and leakage current. Thus, 
the property cannot readily correspond to the theory. In fact, 
as shown in the property of FIG. 7, the resistance value at 
4V is 100 MS2. When a calculation is carried out in accor 
dance with the relationship between the resistance value and 
the W/L, the resistance value of not less than 2 MC2 requires 
the W/L of not more than 150, which is quite different from 
the calculated value. Such a difference in the numerical 
value may be above 0 or below 0 due to unevenness of 
products. It is virtually impossible to strictly control the 
density of defects in the Semiconductive layer in order to 
reduce the unevenness of the products. 

0090 Moreover, in view of unevenness of the thickness 
and the dielectric constant of the insulating film, the thresh 
old value, and the mobility of electric charge of amorphous 
Silicon, it is more desirable to inductively determine the 
arrangement of the protecting circuit 12 based on the mea 
Sured value rather than based on the theoretical value. 

0091. Therefore, when some of practically manufactured 
products are picked up at random and their properties are 
measured, it is understood that a diode arranged with W/L=3 
has an unevenness of 20 na-200 n upon applying Voltage of 
4V; namely, the resistance value ranges from 20 MS2 to 200 
MS2. In other words, it is desirable to set the W/L at not more 
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than 30 in order to achieve the resistance value of not less 
than 2 MS2 regardless of a degree of the unevenneSS in the 
production process. 

0092. The above-mentioned construction can be arranged 
as described above; however, for the different arrangement, 
it is quite necessary to Set a different value for the protecting 
circuit 12. For example, in the case of a construction in 
which anodization is not performed due to a change in 
materials of the gate and a change in the process, if the SiNX 
film thickneSS is not changed, the capacitance of the gate 
insulating film grows So as to increase the current value; 
accordingly, it is necessary to Set the W/L at not more than 
27 which is 0.89 times larger than the original value. In the 
case when the protecting circuits 12 are respectively 
arranged on the Side of Scanning lines and the Side of Signal 
lines, and anodization is performed on the Side of Scanning 
lines, meanwhile, it is difficult to Structurally anodize the 
Side of the Signal lines, it is necessary to carefully arrange 
the construction. 

0093. Furthermore, in the case when the mobility of the 
semiconductive layer and the threshold value of the diode 
are different in addition to the capacity and the film thickneSS 
of the insulating film, it is quite necessary to change the 
arrangement of the W/L. 
0094) For example, in the case when, instead of the 
amorphous Silicon, polycrystal Silicon with n-channel is 
used as a Semiconductive layer, the mobility increases by 
approximately 500 times; thus, it is necessary to set the W/L 
of the protecting circuit 12 at approximately /SOO as com 
pared with the case of the amorphous. In the case of Single 
crystal silicon which may be used as a light bulb for 
projection, the W/L of the protecting circuit 12 is Set at 
approximately /2000 as compared with the case of the 
amorphous. 

0095. In the latter case, the W/L is set at 0.015. Unlike the 
case of the amorphous, in the process, it is difficult to 
determine the W/L by changing the channel width W while 
maintaining the channel length L at 5 um. Therefore, in this 
case, a method in which, for example, Wis Set at 3 um and 
L is set at 200 um, can be adopted. The current value of the 
diode is related to the ratio of W and L; thus, whichever W 
or L is adjusted so as to realize the above-mentioned W/L, 
a Substantial change cannot be found. 
0096. Therefore, for example, in the case when it is 
necessary to Set L at 200 um as in the case of the Single 
crystal Silicon, the channel needs to be formed So as to 
meander due to insufficient intervals between the terminals. 
Generally, it is desirable to place the first priority on 
realizing an arrangement which allows defects to appear at 
the least likely possibility in the process, and then, each of 
the W and L is determined so as to satisfy the predetermined 
W/L ratio. 

0097. For example, as described above, in the case of the 
present embodiment in which the amorphous Silicon is used, 
the arrangement of L=5 um and W=50 um is adopted. For a 
reason that a gap between the metal films, that determines 
the channel length L, is 5 um So that defects caused by Short 
circuits readily occur, or for other reasons, the arrangement 
of L=10 um and W=10 um can be also adopted in order to 
achieve the same effect. 

0.098 However, in the production process of the liquid 
crystal display device, the process is generally controlled So 
as not to cause a problem by forming a gap of 5 um. 
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Contrary to that, if W becomes too large, the rate of defects 
becomes greater due to the enlargement of the diode. Thus, 
it is possible to set W at not more than 200 um. This 
assumption is based on the following calculation: 
0099. Upon examining a panel manufactured nowadays, 
in a 15-type XGA panel, a total distance between the pixel 
and the Signal lines is approximately 1400 m with a gap 
being approximately 5 lum. The largest number of dot 
defects, which is caused by a conductive foreign Substance 
and a remained pattern, is approximately 10 for each panel. 
Namely, when a non-defective panel is produced in a normal 
manufacturing process, one defect appears for each channel 
width of 140m. 

0100 Incidentally, between the signal lines and between 
the Scanning lines of the same panel, pairs of the diodes with 
L=5 um and W=200 um are respectively arranged in two 
directions as the protecting circuits. It is desirable that the 
protecting circuit disposed between the Spare lines have the 
Same construction as that of the diode disposed between the 
adjacent signal lines and between the adjacent Scanning lines 
in order to allow electric charge to be equally released to 
another line when any one of lines is Subjected to Static 
electricity, and in order to prevent the amount of charged 
electricity between the lines from being uneven for each 
protecting circuit upon applying electricity; thus, the chan 
nel width W is set at 200 um. 
0101 And then, the total of the channel widths W of these 
diodes is 200 umx(1024x3+768+the number of the spare 
wires)x2=(1536+) mm. It is understood that approxi 
mately 0.01 defect appears on lines of the protecting circuit 
for each panel. Namely, a reduction in non-defective prod 
ucts is approximately 1% with regard to manufactured 
panels. This is a guideline in arranging kinds of products and 
is a reason why the diode in the protecting circuit 12 is 
desirably arranged to have the channel width W of not more 
than 200 um in order to prevent the reduction in non 
defective products from exceeding 1%. 

0102 Naturally, in the case when a rate of defective 
products decreases due to improvement in a dust condition 
and production technology of the process, or in the case 
when some kinds of the panel have different numbers of the 
Signal lines and/or the Scanning lines, the following arrange 
ment is also adopted: after consideration of variety of factors 
including a predetermined rate of non-defective products, a 
cost arrangement, and resistance against Static electricity, if 
it is determined that it is favorable to place a higher priority 
on preventing Static electricity from causing destruction than 
decreasing a risk of defective diodes, it is possible to Set W 
larger as long as the resistance value is not less than 2 MS2. 
0103). Further, when a defect appears on the protecting 
circuit 12, it is desirable, for example, to constrict the 
predetermined portion which is to be cut by laser; thus, it is 
possible to cut between the protecting circuit 12 and the 
Spare wire 7 by laser if necessary. 
0104 Contrary to that, with regard to defects appearing 
in the process, it is possible to arrange the larger channel 
length L as long as the channel length L is not formed in an 
exceptional arrangement including the meandering pattern; 
however, it is not desirable to arrange the Smaller channel 
length L because the Smaller channel length L directly 
causes an increase in a rate of defective products. Specifi 
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cally, in the case when the channel length L is produced on 
a glass Substrate in accordance with a normal production 
flow of the liquid crystal panel, the channel length L needs 
to be at least not less than 3 um. 
0105. As described above, it is possible to determined the 
lowest limit of the resistance value of the protecting circuit 
12; however, it is difficult to determined the upper limit 
value. This is because it is favorable to Set the resistance 
value of the protecting circuit 12 as low as possible in order 
to prevent defects caused by Static electricity, and an opti 
mum value cannot be specified. In this Sense, it is the most 
proper to Set the resistance value at the lowest limit. 
0106 With regard to the resistance value of the protecting 
circuit 12 upon applying Static electricity, it is virtually 
impossible to specify the resistance value for the following 
reasons: Since Static electricity is applied under a wide 
variety of conditions, it is not possible to Specify the applied 
Voltage value when a destruction mechanism of Static elec 
tricity is analyzed for considering a measure, meanwhile, the 
diode consisting of the protecting circuit 12 is a nonlinear 
element whose resistance value varies in accordance with 
the Voltage, moreover, the Voltage of the Static electricity is 
Sufficiently high to change the electric property of the 
Semiconductor of the diode disposed in the protecting circuit 
12, and the total time period of applying this high Voltage 
and the total amount of electric charge change in a variety 
of ways depending upon the environment in which the Static 
electricity appears, furthermore, the diode property changes 
with time upon applying high electric field, and a degree of 
degradation in the diode cannot be readily estimated. 
0107 Therefore, it is merely possible to specify one 
Voltage and arrange the shape of the diode, on the assump 
tion that the aforementioned general equation of the diode is 
established when Static electricity appears. And then, it is 
understood that the diode whose resistance value is 10 MS2 
upon applying 100V has W/L=0.4. Thus, with regard to the 
resistance value of the diode when the voltage is 4V, the 
diode is arranged So as to have the resistance value ranging 
from 2 MSD to 400 MSD. 

0108) Additionally, the 10 MC2 upon applying the voltage 
of 100V is a value which is experimentally obtained based 
on a fact in which: when Several kinds of Voltages which are 
not less than 50V are charged in a condenser having not leSS 
than 100 uF, and the spare wires which connect high 
resistance between the adjacent wires are discharged, no 
effect for preventing destruction caused by Static electricity 
can be given on the wires connected with the resistance of 
not less than 10 MS2. 

0109 Naturally, when the resistance value becomes 
Smaller, the possibility of destruction caused by Static elec 
tricity is reduced; thus, any S2 is not always accepted even 
if the resistance value is not more than 10 MS2. To the 
contrary, in the case when it is desirable to discharge Voltage 
of 30V even at a slow pace(in the case when the objective 
is to prevent a direct current applied to the liquid crystal for 
a long time from reducing reliability), the resistance value 
does not always need to be not more than 10 MS2. In some 
cases, the same effect can be obtained with the resistance 
value of more than 10 MS2. 

0110. Further, in the present embodiment, the diode is 
used upon forming the protecting circuit 12, thus, the 
resistance value is regulated to range from 2 MS2 to 400 MS2 
when Voltage of 4V is applied. For example, in the case 
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when the protecting circuit 12 is formed by using a linear 
element Such as a Single layer of n+layer, the resistance 
value can be within the range from 2 MS2 to 10 MS2 
regardless of the amount of Voltage. Even in the case of a 
non-linear element, due to a Voltage and current property, the 
upper limit of the resistance value is not less than 2 MS2, 
however, the upper limit value may be different from the 
abovementioned case upon applying the Voltage of 4V. 

0111. In the active-matrix substrate 1 of the present 
embodiment, the W/L of the protecting circuit 12 disposed 
between the spare wires 7 is set at W/L=50/5 as described 
above. Furthermore, the protecting circuit 10 disposed 
between the Signal line 4 and the Scanning line 3 is arranged 
to have W/L=50/5, and the protecting circuit 11 disposed 
between the Spare wire 7 and the Scanning line 3 is arranged 
to have W/L=15/5. The respective protecting circuits have 
different values because the Voltage applied to the protecting 
circuits 10 through 12 varies in a normal operation. The 
protecting circuits 10 and 12 are normally applied Voltage at 
a maximum of 4V, and the protecting circuit 11 is normally 
applied Voltage at a maximum of 14V. Additionally, based 
on the calculation, it is found that the W/L needs to be not 
more than 14 in order to set the resistance value at 2 MS2 
upon applying the Voltage of 14V; thus, the protecting circuit 
11 is allowed to have the same W/L as those of the other 
circuits. Here, the W/L of the protecting circuit 11 is 
arranged So as to increase a margin for the event of a change 
in a property of the diode. 
0112 A trial liquid crystal display device, in which the 
active-matrix Substrate 1 of the present embodiment is used, 
is manufactured and evaluated. As a result, no problem is 
found with regard to confirmation of operation as well as 
reliability. 
0113 Additionally, upon manufacturing the liquid crystal 
display device, members are disposed So as to Shield light on 
the protecting circuits 10 through 12. This arrangement 
prevents light Shedding on the Semiconductive layers con 
Sisting of the protecting circuits 10 through 12 from causing 
a pair of an electron and a hole. The pair of an electron and 
a hole increases leakage of current which allows the resis 
tance value to be different from the predetermined value. At 
the same time, this arrangement also prevents light energy 
from accelerating a degradation of the Semiconductive lay 
CS. 

0114. The liquid crystal display device, which is manu 
factured by using the active-matrix Substrate 1 having the 
protecting circuits 12 between the Spare wires 7 as well as 
between the Scanning lines 3 and between the Signal lines 4, 
has a strong resistance against Static electricity. AS compared 
with the conventional liquid crystal display device which is 
manufactured in the same proceSS and which causes 2% 
defective products due to Static electricity, the rate of defec 
tive products is no more than 0.3% with regard to the liquid 
crystal display device using the active-matrix Substrate 1. 

0115 Embodiment 2) 
0116 Referring to FIG. 8, the following explanation 
describes another embodiment of the present invention. 
Additionally, for convenience, members having the same 
functions as those indicated in Figures of the First Embodi 
ment are given the Same reference numerals and explana 
tions thereof are omitted. 
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0117. As shown in FIG. 8, an active-matrix substrate 41 
of the present embodiment is provided with an area 43 which 
is removed from the active-matrix substrate 41 by cutting 
the active-matrix substrate 41 on a division line 42 upon 
completion of the lighting inspection. Except for this 
arrangement, the active-matrix Substrate 41 has the same 
construction as an active-matrix Substrate 1. 

0118. Further, the active-matrix substrate 41 has termi 
nals 8, 9, and 13 which are respectively provided with a 
plurality of terminals 44, 45, and 46 for the lighting inspec 
tion. The terminals 44, 45, and 46 are disposed in the area 
43 which is provided for mounting external circuits outside 
the terminals 8,9, and 13. In order to carry out the lighting 
inspection more easily, a plurality of Scanning lines 3 are 
electrically bundled and connected with each of the termi 
nals 44 by using a short-circuit wiring. The terminal 45 is, 
for example, constituted by a plurality of terminals 45R, 
45G, and 45B corresponding to each colors of red(R), 
green(G), and blue(B) So as to carry out the lighting inspec 
tion more easily. A plurality of Signal lines 4 for R, G, and 
B are electrically bundled and are respectively connected 
with the terminals 45R, 45G, and 45B by using the short 
circuit wiring. Meanwhile, each of the terminals 46 is 
connected with a corresponding terminal 13 of a spare wire 
7. 

0119 Furthermore, in the same manner as the active 
matrix substrate 1, the active-matrix substrate 41 is provided 
with protecting circuits 10 through 12, and protecting cir 
cuits 47 through 49 in the external area 43. The protecting 
circuits 47 are provided between the adjacent terminals 44 
and 45 on the area 43 So as to connect the Scanning lines 3 
and to connect the Signal lines 4. The protecting circuits 49 
are provided between the adjacent terminals 46 on the area 
43 So as to connect the adjacent spare wires 7. The protecting 
circuits 48 are provided between the terminal 44 and the 
terminal 46 and between the terminal 45 and the terminal 46 
So as to connect the Spare wire 7 and the Scanning line 3 and 
to connect the Spare wire 7 and the Signal line 4. 
0120 Here, as described above, the protecting circuits 49 
disposed between the Spare wires 7 are cut off upon comple 
tion of the lighting inspection So that this arrangement is free 
from a restriction that the resistance value needs to be not 
less than 2 MS2. Therefore, the protecting circuits 49 are 
allowed to have wider channel widths in order to increase 
the resistance against Static electricity. The Same arrange 
ment is adopted in the protecting circuits 48 as well. In the 
active-matrix Substrate 41, the channel widths and the chan 
nel lengths of the protecting circuits 48 and 49 are respec 
tively set at 2500 um and 5 lum. 
0121 Aliquid crystal panel is manufactured by using the 
active-matrix Substrate 41 and the lighting inspection is 
carried out as follows: 

0122). As described above, short-circuit wires are pro 
vided outside the terminals 9 of the signal lines 4 so as to 
bundle the Signal lines 4 corresponding to red, green, and 
blue. Signals are respectively inputted to the terminals 45R, 
45G, and 45B which are connected with the bundled wires 
So as to provide a display of each of the colors upon 
inspecting the operation. 

0123. Here, when a defect is found on a certain signal line 
4 or Scanning line 3, as described above, a correction is 
performed by connecting the two spare wires 7 with the 
disconnected line by using laser. Afterwards, it is necessary 
to electrically inspect whether the breaking line is connected 
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with Sufficiently low resistance or not; thus, loop resistance 
between the two spare wires 7 is measured via the portion 
connected with laser. Therefore, if the resistance value Via 
the protecting circuits 48 and 49 is not sufficiently larger 
than the loop resistance, a correct connecting resistance 
cannot be obtained. 

0.124 Generally, when the connection is successfully 
performed, the resistance of the portion connected with laser 
can be regarded Smaller by not less than two digits as 
compared with the resistance value of one spare wire; 
therefore, if the loop resistance is the same as the resistance 
value of the two spare wires connected in Series, the con 
nection is recognized to be Successful. Thus, the resistance 
of the protecting circuits 48 and 49 is acceptable if it is larger 
than the resistance value of the two Spare wires by one digit. 
The resistance of the protecting circuits 48 and 49 is 
equivalent to 20 times the resistance value of one Spare wire. 
Therefore, in the present embodiment, the channel widths 
and the channel lengths of diodes, which constitute the 
protecting circuits 48 and 49, are respectively set at 2500 um 
and 5 lim. 
0.125 Naturally, if the substrate is mounted on the panel 
with the protecting circuits 48 and 49 being installed, the 
resistance value between the Spare wires 7 is no more than 
120 kS2 at a minimum upon applying Voltage of 4V; thus, 
Some problems occur on the display. However, as described 
above, the inputting protecting circuits 48 and 49 as well as 
common lines for inputting a simple inspection Signal are 
removed together with glass, therefore, the arrangement of 
the panel in the actual mounting is the same as that of the 
first Embodiment, thereby causing no difficulty. 
0.126 AS described above, in the active-matrix substrate 
41, the W/L of the protecting circuits 48 and 49 is set at 
W/L=500, and the upper limit value is 3000, which is found 
as follows: 

0127. The W/L of the conventional protecting circuit is 3, 
and the static property is shown in FIG. 7. When the voltage, 
which is shown by the horizontal axis of the graph, is around 
OV, the current is an extremely slight Signal which is called 
a Subthreshold current and is greatly affected by the crys 
tallizing State or the density of defects of the Semiconductive 
layer; thus, it is generally difficult to Suitably obtain an 
approximate equation of this area. 
0128. Therefore, in order to inspect the detail of the 
current of approximately OV in the diode, the accumulated 
data, which have been collected from the past on the Static 
property of the transistor, are reexamined. The diode is 
arranged based on the transistor. Now, it is understood that 
the Subthreshold current ranges from 1 p.A to no more than 
100 pA at a maximum in the vicinity of OV, in accordance 
with an amount of a gate threshold Voltage. 
0129. Meanwhile, the resistance of the spare wire 7 is set 
at not more than 2 kS2 So as to keep an impedance to a 
minimum between the corrected line and a normal line; thus, 
the desired resistance value is not less than 40 kS2 for the 
protecting circuits 48 and 49. 
0130 Here, the W/L, which allows the resistance of the 
protecting circuits 48 and 49 to be 40 kS2, is found. On the 
assumption that the current value provided from a constant 
power Source of a tester is 1 uA upon measuring, the loop 
resistance, which is appropriately corrected, is approxi 
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mately 4 kS2. Thus, a Voltage applied between the terminals 
is not more than 4 mV. When the corrected portion is not 
connected, the applied Voltage is determined by the product 
of the resistance value of the protecting circuits 48 and 49 
and the constant current Source (1 uA in this case) Namely, 
when the diode is arranged So as to allow the resistance to 
be set at 40 kS2, which is the minimum resistance value for 
measuring the loop resistance, it is understood that the 
applied voltage is 40 mV. 

0131 On the assumption that the subthreshold current of 
the W/L=3 diode is at 100 p.A, which is the maximum value, 
the current increase by one digit allows the current value to 
be 1 nA and the resistance to be 40 MS2. Therefore, when the 
W/L of the diode, that allows the resistance value to be 40 
kS2, is calculated back, it is understood that the value of the 
W/L needs to be not more than 3000, which is 1000 times 
as many as W/L=3. 

0.132. As described above, it is concluded that the W/L of 
the protecting circuits 48 and 49 should be set at not more 
than 3000. As described in the explanation on the first 
Embodiment, in the case of a change in the construction of 
the diode, the film thickness of the insulating film, and the 
electric property of the Semiconductive layer, the construc 
tions of the protecting circuits 48 and 49 naturally need to be 
changed. For example, in the case when a low-temperature 
polycrystal Silicon, which has been currently developed, is 
used So as to constitute a diode, it should be noted that the 
leakage current of the Subthreshold area may increase by 
two digits. 

0.133 AS described above, the lower limit of the resis 
tance value of the protecting circuits 48 and 49 is deter 
mined; however, it is difficult to specify the upper limit value 
as described in the first embodiment. AS the resistance value 
increases, the effect of the protecting circuits 48 and 49 is 
decreased. Here, one of the objectives of the construction of 
the present embodiment is to increase the effect of the first 
Embodiment; therefore, it is naturally desirable to set the 
upper limit value Smaller than the resistance values of the 
protecting circuits 11 and 12, which are not cut off after the 
inspection. 

0134) Further, the effect obtained by omitting an anodic 
oxidation on the gate is described in the first Embodiment. 
In the present embodiment, even if the density of SiNX 
defects is high, the defects on the protecting circuits 47 
through 49 do not remain on the display device when the 
products are shipped. The protecting circuits 47 through 49 
are disposed on the area 43 which is cut off after the 
inspection. Therefore, the difficulties diminish with regard to 
the appearance of the defects. Additionally, in order to 
realize a protecting circuit which is greatly effective with a 
Smaller area, with regard merely to the protecting circuits 47 
through 49 on the area 43 which are cut off after the 
inspection, it is favorable to adopt the construction which 
does not use the anodic oxidation on the gate So as to reduce 
the resistance value. 

0135 Now, as shown in the aforementioned calculations, 
Since the diode is a non-linear element, during the lighting 
inspection, it is necessary to pay attention to the applied 
Voltage upon measuring in order to obtain the appropriate 
resistance value. 

0136. Usually, for a commercial tester for measuring a 
Slight current, the following method is adopted in many 
cases: a constant current is applied to an element and a 
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Voltage is measured on both ends So as to obtain the 
resistance. Therefore, in the present embodiment as well, the 
constant current receives attention upon controlling the 
applied voltage. With regard to the diode with W/L=3000, as 
described above, the current is Set at not more than 1 uA So 
as to Set the Voltage at not more than 40 mV; consequently, 
the resistance value of 40 kS2 can be obtained. Therefore, it 
is possible to find the correct connecting resistance for the 
spare wires. In the present embodiment, the W/L is 500. 
Upon measuring with the current of 1 uA in the same manner 
as that of the above-mentioned diode, it is possible to obtain 
a favorable result: not less than 1 MS2 for a loop in which the 
Spare wires are not corrected, and 3 kS2-4 kS2 for a loop in 
which the Spare wires are corrected. 
0.137 The measured current is not particularly limited to 
1 uA. It is possible to Select one of any current values Such 
as 100 nA and 10 nA in accordance with a tester range for 
measuring as long as the current value is not more than 1 uA. 
However, note that the protecting circuits 48 and 49 should 
not be Subjected to external light upon measuring the 
resistance because the diode is a Semiconductor element 
which dramatically increases the current in response to light 
entering the Semiconductive layer. 

0.138 Furthermore, in the present embodiment, there are 
concerns about Securing a margin for the external incident 
light, an area for mounting the protecting circuits 48 and 49, 
and the possibility of a reduction in a yield when the channel 
width is too large; thus, the W/L is set at 500. However, 
naturally, as long as the W/L is not more than 3000, 
increasing the W/L is more effective against Static electricity. 

0.139 Moreover, in order to prevent defects on the pro 
tecting circuits 48 and 49 from hampering the inspection on 
the panel, it is desirable to have a construction in which the 
protecting circuits 48 and 49 are disposed away from the 
Spare wires 7 So as to be cut off by laser, etc. at any moment, 
and for example, constricted portions are formed between 
the protecting circuits 48 and 49 and the spare wires 7 so as 
to be cut off more easily. This arrangement can be adopted 
for the protecting circuits 11 and 12 as well. 
0140. The liquid crystal panel which is manufactured by 
using the above-mentioned active-matrix Substrate 41 makes 
it possible to dramatically reduce the rate of defects which 
are caused by Static electricity before the short-circuit lines 
of the Signal lines 4 and the Scanning lines 3 have been cut 
in the production line and the inspection line. The rate of 
defects is reduced to not more than /100 as compared with 
the conventional liquid crystal panel which is manufactured 
in the same line. 

0.141. Additionally, a static electricity destruction test, in 
which after the entire panel has been charged, the Spare 
wires 7 are grounded, also proves that the conventional 
product causes puncture at the interSections of the Spare 
wires 7 and the signal wires 4 when the voltage is 1 kV; 
meanwhile, the present embodiment causes no puncture 
even when the voltage is 5 kV. 

0142. As described above, an active-matrix substrate of 
the present invention, which has, on the Substrate, a plurality 
of Scanning lines disposed in parallel, a plurality of Signal 
lines disposed in parallel So as to interSect the Scanning lines, 
and a plurality of Spare wires disposed So as to interSect the 
Signal lines and/or the Scanning lines on the input Sides and 
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the non-input Sides of the Signal lines and/or the Scanning 
lines, is characterized by a first protecting circuit for con 
necting the adjacent spare wires in order to protect the 
Substrate from undesirable application of high Voltage. 
0143 With the above-mentioned arrangement, (a) in the 
case when one of the Spare wires comes into contact with an 
object which is electrostatically charged, or (b) in the case 
when, in a State in which the panel is charged, one of the 
Spare wires comes into contact with an object which is 
grounded, or an object which has a large capacity, the first 
protecting circuit allows the electric charge to be released to 
the neighboring Spare wire So that it is possible to prevent 
electric field from being concentrated on a certain Spare 
wire. This effect is realized by the following function: 
relative to a certain amount of electric charge, the capaci 
tance is increased in accordance with the number of Spare 
wires connected with the first protecting circuits So that the 
Voltage caused by the electric charge is effectively reduced. 
0144. Therefore, it is possible to prevent puncture from 
occurring at the interSections of the Spare wires and the 
Signal lines or the Scanning lines, and to prevent degradation 
in property of the TFT elements that is caused by a surge of 
the potential. 
0.145) Further, it is preferable to set the resistance value of 
the first protecting circuit at between 2 MS2 and 400 MS2 in 
the active-matrix Substrate. 

0146) With the above-mentioned arrangement, the resis 
tance value of the first protecting circuit is Set within the 
above-mentioned range So that electric charge is released to 
another spare wire and a displaying operation is performed 
without causing any problems in a use for a display device. 
Therefore, it is possible to positively prevent the puncture 
and degradation in property of the TFT elements, and 
reliability is ensured for the device in a use for a display 
device. 

0147 For instance, static electricity, which is applied to 
one of the Spare wires, is discharged to the neighboring Spare 
wire in accordance with a time constant which is determined 
by the capacitance of the Spare wire and the resistance value 
of the first protecting circuit. In this case, it is significant to 
discharge the Static electricity as Soon as possible and to 
Shorten the duration of the applying high Voltage to a 
minimum. For this reason, it is desirable to Set the resistance 
value of the first protecting circuit to a minimum. 
0148 Meanwhile, in order to allow the liquid crystal 
display device to positively provide a display and to ensure 
reliability without any problems, the present invention deter 
mines the lower limit of the resistance value between the 
Spare wires as well as between the Signal lines and between 
the Scanning lines. And in View of this arrangement, the 
resistance value of the first protecting circuit is Set within the 
above-mentioned range. 
0149 Furthermore, it is desirable that the active-matrix 
Substrate be provided with Second protecting circuits for 
connecting between the adjacent Scanning lines and/or 
between the adjacent Signal lines, and third protecting cir 
cuits for connecting the Spare wire and the Scanning line 
and/or for connecting the Spare wire and the Signal wire. 
0150. With the above-mentioned arrangement, as com 
pared with the case in which Static electricity is received in 
accordance with the number of the disposed spare wires, it 
is possible to further prevent puncture occurring at the 
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interSections of the Spare wires and the Signal lines or the 
Scanning lines and to prevent degradation in property of the 
TFT elements that is caused by a surge of the potential. 
0151. This is because the number of the spare wires is 
generally limited merely to a few more than ten; meanwhile, 
the number of the Signal lines and the Scanning lines is 
arranged So as to be Several hundreds to Several thousands 
in accordance with the display capacity. Thus, when all these 
lines are connected with the first through third protecting 
circuits, the Voltage is reduced to from one Several hun 
dredths to one Several thousandths with regard to the same 
amount of electric charge. 
0152. Furthermore, the spare wires and the signal lines 
and/or the Scanning lines are connected via the third pro 
tecting circuits So that with regard to any one of the Spare 
wires, applied Static electricity is released to all the Signal 
lines and/or the Scanning lines via the Second protecting 
circuits and the third protecting circuits with time; therefore, 
Voltage is not applied between the Spare wires and the Signal 
lines and/or between the Spare wires and the Scanning lines. 
For this reason, it is possible to positively prevent defects 
caused by Static electricity. 
0153. Moreover, in the active-matrix substrate, it is desir 
able that the first through third protecting circuits be pro 
vided with two diode-type semiconductor elements which 
are parallel-connected in the opposite direction from each 
other. 

0154 With the above-mentioned arrangement, the first 
through third protecting circuits have diode ring structures. 
With regard to any one of the adjacent spare wires, the first 
protecting circuit allows applied Static electricity to be 
released to another spare wire. 
0.155. Additionally, in the case when the first through 
third protecting circuits are arranged as described above, it 
is possible to form the diode-type Semiconductor elements 
by making use of a process for forming the TFT elements on 
the Substrate; consequently, it is possible to prevent an 
increase in the number of the Steps. 
0156 Further, in the active-matrix substrate, it is prefer 
able to Set a ratio of a channel width to a channel length at 
between 0.4 and 30 with regard to the diode-type semicon 
ductor element in the first protecting circuit. 
O157 With the above-mentioned arrangement, with 
regard to the diode-type Semiconductor element, the ratio of 
the channel width to the channel length is set within the 
abovementioned range in order to release electric charge to 
another spare wire and in order to provide a display without 
any problems in a use for a display device. Therefore, it is 
possible to positively prevent the puncture and degradation 
in property of the TFT elements, and the reliability of the 
device is ensured in a use for a display device. 
0158. Furthermore, in the active-matrix substrate, it is 
desirable that in the first protecting circuit, the channel width 
be set at not more than 200 um and the channel length be set 
at not leSS than 3 um with regard to the diode-type Semi 
conductor element. 

0159. With the above-mentioned arrangement, the chan 
nel width and the channel length are set within the above 
mentioned range with regard to the diode-type Semiconduc 
tor element So that it is possible to release electric charge to 
another spare wire and to provide a display without any 
problems in a use for a display device. 
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0160 Moreover, in the active-matrix substrate, with 
regard to the third protecting circuit which connects the 
Spare wire and the Scanning line, it is desirable to Set the 
smaller ratio of the channel width to the channel length of 
the diode-type Semiconductor element as compared with 
those of other protecting circuits. 
0.161 With the above-mentioned arrangement, in a use 
for a display device, the ratio of the channel width to the 
channel length is set low in accordance with Voltage applied 
in a displaying operation of the third protecting circuit; 
therefore, the reliability of the device can be further 
increased. 

0162 The active-matrix substrate is allowed to be pro 
Vided with terminals which are connected with the Scanning 
lines for inspecting the operation, terminals which are con 
nected with the Signal lines for inspecting the operation, 
terminals which are connected with the Spare wires for 
inspecting the operation, and the fourth protecting circuits 
which connect the adjacent spare wires, in an area which is 
to be cut off upon completion of the lighting inspection. 
0163 The above-mentioned arrangement is provided 
with the fourth protecting circuits, therefore, it is possible to 
prevent puncture from occurring at the interSections of the 
Spare wires and the Signal lines or the Scanning lines, and to 
prevent degradation in property of the TFT elements that is 
caused by a Surge of the potential. 

0164. In the case when defects are found on lines in the 
lighting inspection, it is necessary to electrically inspect 
whether the Spare wires are connected with the Signal lines 
or the Scanning lines by laser with Sufficiently low resis 
tance. Thus, it is not possible to leave a short circuit in a 
plurality of the Spare wires or between the Spare wires and 
the Signal lines or the Scanning lines. Therefore, the con 
ventional arrangement has the Spare wires which are elec 
trically independent from each other, thereby offering leSS 
protection against Static electricity than the Signal lines and 
the Scanning lines. 

0.165 Since the above-mentioned arrangement is pro 
Vided with the fourth protecting circuits, the Spare wires are 
effectively protected from Static electricity in a more posi 
tive manner. Further, Since the fourth protecting circuits are 
disposed in an area which is to be cut off upon completion 
of the lighting inspection, the protecting circuits have been 
cut off when a displaying operation is performed. Therefore, 
this arrangement is free from the restraint in which the 
resistance value needs to be not less than 2 MS2. Namely, the 
fourth protecting circuit merely needs to Satisfy a condition 
in which the resistance is Sufficiently high for determining 
whether the resistance is sufficiently low or not at the 
connected portions, upon correcting the above-mentioned 
defects on lines by using laser. And high reliability is not 
required. Thus, any problems are not caused even when a 
large channel width is arranged in order to release a large 
amount of Static electricity. 

0166 Furthermore, as described above, in the liquid 
crystal panel, the lighting inspection is performed before the 
external circuits have been installed. At this time, generally, 
Some or all the Signal lines are Supplied with the same Signal 
or a plurality of the Scanning lines are electrically bundled 
in a simple manner So that the inspection is readily carried 
out with more efficiency. Therefore, an area, which is to be 
cut off upon completion of the lighting inspection, is pro 
vided with terminals which are connected with Some or all 
the Signal lines for the lighting inspection, and terminals 
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which are connected with a plurality of the Scanning lines for 
the lighting inspection. Upon completion of the lighting 
inspection, these terminals are cut off from the Signal lines 
and the Scanning lines So as to allow each of the Signal lines 
and the Scanning lines to be electrically independent. 

0.167 Furthermore, in the active-matrix substrate, it is 
desirable that the resistance value of the fourth protecting 
circuit be set Smaller than that of the first protecting circuit 
and be more than 20 times the resistance value of one Spare 
WC. 

0168 With the above-mentioned arrangement, the resis 
tance value of the fourth protecting circuit is Set within the 
above-mentioned range So that electric charge can be 
released to another Spare wire in a more positive manner, 
and it is possible to determine whether the resistance is 
Sufficiently low or not at the connecting portions upon 
correcting defects on lines by using laser. 

0169 Moreover, in the active-matrix substrate, it is desir 
able that an area, which is to be cut off upon completion of 
the lighting inspection, be provided with fifth protecting 
circuits which connect the terminals for the lighting inspec 
tion of the Scanning lines and/or which connect the terminals 
for the lighting inspection of the Signal lines, and Sixth 
protecting circuits for connecting the Spare wires and the 
Scanning lines and/or for connecting the Spare wires and the 
Signal lines. 
0170 Since the above-mentioned arrangement is pro 
vided with the fourth and the fifth protecting circuits, it is 
possible to further prevent puncture from occurring at the 
intersections of the spare wires and the signal lines or the 
Scanning lines as compared with the case in which Static 
electricity is received in accordance with the number of the 
disposed spare wires, and to prevent degradation in property 
of the TFT elements that is caused by a surge of the 
potential. 

0171 This is because the number of the spare wires is 
generally limited merely to a few more than ten; meanwhile, 
the number of the Signal lines and the Scanning lines is 
arranged So as to range from Several hundreds to Several 
thousands in accordance with the display capacity. There 
fore, when all these lines are connected with the first through 
third protecting circuits, the Voltage is reduced to from one 
Several hundredths to one Several thousandths with regard to 
the same amount of electric charge. 
0172 Further, in the case when each of the terminals for 
the lighting inspection of the Scanning lines is connected 
with a plurality of the Scanning lines in a manner So as to 
bundle a plurality of the Scanning lines, and each of the 
terminals for the lighting inspection of the Signal lines is 
connected with a plurality of the Signal lines in a manner So 
as to bundle a plurality of the Signal lines, the fifth protecting 
circuits make it possible to prevent puncture more effec 
tively. In the arrangement in which the protecting circuits are 
provided between the lines, Voltage is reduced in accordance 
with a time constant, which is determined by the same 
resistance value as that of the resistance of the protecting 
circuits that is inserted in a Series between the lines, mean 
while, in the above-mentioned arrangement, the Scanning 
lines and the Signal lines have been electrically bundled So 
that electric charge expands merely depending upon the 
resistance value of the fifth protecting circuits which are 
disposed between the bundled wires. Further, electric charge 
rapidly expands into all the bundled wires, consequently, 
this arrangement does not cause potential gradient due to a 



US 2001/0045998 A1 

distance from the electroStatically charged spare wire So that 
it is possible to positively prevent puncture, etc. from 
occurring. 

0173 Furthermore, in the active-matrix substrate, it is 
desirable that the fourth through sixth protecting circuits be 
provided with two diode-type Semiconductor elements 
which are parallel-connected in the opposite direction from 
each other. 

0.174 With the above-mentioned arrangement, the fourth 
through Sixth protecting circuits have So called diode ring 
Structures, and the fourth protecting circuit is capable of 
releasing electric charge to another spare wire with regard to 
any one of the adjacent spare wires that is Subjected to Static 
electricity. 

0175 Moreover, in the case when the fourth through 
Sixth protecting circuits are arranged as described above, it 
is possible to form the diode-type Semiconductor elements 
by making use of a process for forming the TFT elements on 
the Substrate; thus, it is possible to prevent an increase in the 
number of Steps. 
0176 Furthermore, in the active-matrix substrate, with 
regard to the fourth protecting circuit, it is desirable to Set a 
larger ratio of the channel width to the channel length of the 
diode-type Semiconductor element as compared with the 
ratio of the first protecting circuit, and it is desirable to Set 
the ratio at not more than 3000. 

0177. With the above-mentioned arrangement, the ratio 
of the channel width to the channel length of the diode-type 
Semiconductor element is Set within the above-mentioned 
range So as to release electric charge to another spare wire 
and So as to determine whether the resistance is Sufficiently 
low at the connecting portions upon correcting defects on 
lines by using laser. Therefore, it is possible to positively 
prevent the puncture and degradation in property of the TFT 
elements, and it is further possible to Smoothly inspect the 
resistance at the connecting portions upon correcting defects 
on lines. 

0.178 Furthermore, with regard to the active-matrix sub 
Strate, in the fourth protecting circuit, it is desirable that a 
gate insulating film of the Semiconductor element include no 
anodic oxide film of gate electrodes, and in the first pro 
tecting circuit, it is desirable that a gate insulating film of the 
Semiconductor element include an anodic oxide film of gate 
electrodes. 

0179 With the above-mentioned arrangement, the semi 
conductor element of the fourth protecting circuit includes 
no anodic oxide film of the gate electrodes, therefore, it is 
possible to reduce the resistance value. 
0180. The fourth protecting circuits are cut off after the 
lighting inspection So that a degree of SeriousneSS is lower 
with regard to defects. For this reason, in order to realize an 
effective protecting circuit with a Smaller area, it is effective 
to reduce the resistance value without anodic oxide film of 
gate electrodes, as described above. 
0181 Furthermore, in the active-matrix substrate, it is 
preferable to Shield the first through fourth protecting cir 
cuits from light. 
0182. With the above-mentioned arrangement, in the case 
when the first through fourth protecting circuits are provided 
with the Semiconductive layers, it is possible to prevent light 
Shedding on the Semiconductive layers from causing a pair 
of an electron and a positive hole that increases leakage 
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current and allows the actual resistance value to shift from 
the predetermined resistance value, and it is possible to 
prevent light energy from accelerating a degradation in the 
Semiconductive layer. 
0183. Further, an inspecting method of the active-matrix 
Substrate is characterized by determining Voltage applied to 
a resistance measuring device, which measures loop resis 
tance, So as to allow a resistance value of the fourth 
protecting circuit to exceed 20 times a resistance value of 
one spare wire. 
0.184 The above-mentioned arrangement makes it pos 
sible to readily determine whether the resistance is suffi 
ciently low at the connecting portions upon correcting 
defects on lines by using laser. 
0185. In the case when defects are found on lines, it is 
necessary to electrically inspect whether the Spare wires are 
connected with Sufficiently low resistance after having been 
connected by using laser. In this case, this inspection is 
performed as follows: after a correction has been made by 
using the adjacent spare wires, loop resistance is measured 
between the adjacent spare wires via a portion connected by 
using laser. 
0186 For this reason, the resistance value via the fourth 
protecting circuit needs to be Sufficiently larger than the loop 
resistance in order to find a correct resistance of the con 
nection. Therefore, Voltage applied to the resistance mea 
Suring device is determined So as to allow the resistance 
value of the fourth protecting circuit disposed between the 
Spare wires to exceed 20 times the resistance value of one 
spare wire; thus, it is possible to Smoothly inspect the 
resistance. 

0187 Furthermore, with regard to the inspecting method 
of the active-matrix Substrate, it is preferable to pass a 
current of not more than 1 uA through a plurality of the 
corrected Spare wires and to measure a Voltage between the 
terminals, So that the loop resistance is measured. 
0188 With the above-mentioned method, an inspecting 
method, in which a current of not more than 1 uA passes 
through the Spare wires So as to measure Voltage between the 
terminals, is adopted; thus, it is possible to confirm whether 
the Spare wires are connected with Sufficiently low resis 
tance by using laser in a more positive manner. 
0189 The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
Spirit and Scope of the invention, and all Such modifications 
as would be obvious to one skilled in the art are intended to 
be included within the scope of the following claims. 

What is claimed is: 

1. An active-matrix Substrate comprising: 

a Substrate, a plurality of Scanning lines which are dis 
posed in parallel on Said Substrate, Signal lines which 
are arranged in parallel So as to interSect Said Scanning 
lines on Said Substrate, a plurality of Spare wires which 
are arranged on an input Side and a non-input Side of 
Said Signal lines and/or said Scanning lines So as to 
interSect Said Signal lines and/or said Scanning lines, 
and a first protecting circuit which connects Said adja 
cent spare wires So as to prevent an undesired high 
Voltage from being applied to the Spare wire. 
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2. The active-matrix Substrate as defined in claim 1, 
wherein Said first protecting circuit has a resistance value 
ranging from 2 MS2 to 400 MS2. 

3. The active-matrix Substrate as defined in claim 1, 
further comprising a Second protecting circuit for connecting 
Said adjacent Scanning lines and/or said adjacent Signal 
lines, and a third protecting circuit for connecting Said Spare 
wire and Said Scanning line and/or for connecting Said spare 
wire and Said Signal line. 

4. The active-matrix Substrate as defined in claim 2, 
further comprising a Second protecting circuit for connecting 
Said adjacent Scanning lines and/or Said Signal lines, and a 
third protecting circuit for connecting Said Spare wire and 
Said Scanning line and/or for connecting Said spare wire and 
Said Signal line. 

5. The active-matrix Substrate as defined in claim 3, 
wherein each of Said first through third protecting circuits 
includes two diode-type Semiconductor elements which are 
parallel-connected in the opposite direction from each other. 

6. The active-matrix Substrate as defined in claim 4, 
wherein each of Said first through third protecting circuits 
includes two diode-type Semiconductor elements which are 
parallel-connected in the opposite direction from each other. 

7. The active-matrix Substrate as defined in claim 5, 
wherein in Said first protecting circuit, Said diode-type 
Semiconductor element has a ratio of a channel width to a 
channel length that ranges from 0.4 to 30. 

8. The active-matrix Substrate as defined in claim 6, 
wherein in Said first protecting circuit, Said diode-type 
Semiconductor element has a ratio of a channel width to a 
channel length that ranges from 0.4 to 30. 

9. The active-matrix Substrate as defined in claim 7, 
wherein in Said first protecting circuit, Said diode-type 
Semiconductor element has a channel width of not more than 
200 um and a channel length of not less than 3 lim. 

10. The active-matrix Substrate as defined in claim 8, 
wherein in Said first protecting circuit, Said diode-type 
Semiconductor element has a channel width of not more than 
200 um and a channel length of not less than 3 lim. 

11. The active-matrix Substrate as defined in claim 5, 
wherein in Said third protecting circuit for connecting Said 
Spare wire and Said Scanning line, Said diode-type Semicon 
ductor element has a lower ratio of a channel width to a 
channel length as compared with other protecting circuits. 

12. The active-matrix Substrate as defined in claim 6, 
wherein in Said third protecting circuit for connecting Said 
Spare wire and Said Scanning line, Said diode-type Semicon 
ductor element has a lower ratio of a channel width to a 
channel length as compared with other protecting circuits. 

13. The active-matrix Substrate as defined in claim 1, 
further comprising a terminal connected with Said Scanning 
line for a lighting inspection, a terminal connected with Said 
Signal line for the lighting inspection, a terminal connected 
with Said spare wire for the lighting inspection, and a fourth 
protecting circuit for connecting Said adjacent spare wires, in 
an area which is to be cut off upon completion of the lighting 
inspection. 

14. The active-matrix Substrate as defined in claim 13, 
wherein the fourth protecting circuit has a resistance value 
which is Smaller than that of Said first protecting circuit and 
is larger than 20 times the resistance value of one Spare wire. 
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15. The active-matrix Substrate as defined in claim 13, 
further comprising a fifth protecting circuit which connects 
the terminals of Said Scanning lines for the lighting inspec 
tion and/or the terminals of Said Signal lines for the lighting 
inspection, and a sixth protecting circuit which connects Said 
Spare wire and Said Scanning line and/or which connects Said 
Spare wire and Said Signal line. 

16. The active-matrix Substrate as defined in claim 15, 
wherein each of Said fourth through Sixth protecting circuits 
includes two diode-type Semiconductor elements which are 
parallel-connected in the opposite direction from each other. 

17. The active-matrix Substrate as defined in claim 16, 
wherein in Said fourth protecting circuit, Said diode-type 
Semiconductor element has a ratio of a channel width to a 
channel length that is larger than that of Said first protecting 
circuit and is not more than 3000. 

18. The active-matrix Substrate as defined in claim 16, 
wherein: in Said fourth protecting circuit, Said Semiconduc 
tor element has a gate insulating film that is formed without 
including an anodic oxide film of a gate electrode, and in 
Said first protecting circuit, Said Semiconductor element has 
a gate insulating film that is formed, including an anodic 
oxide film of a gate electrode. 

19. The active-matrix Substrate as defined in claim 1, 
wherein Said first or fourth protecting circuit is shielded 
from light. 

20. The active-matrix Substrate as defined in claim 13, 
wherein Said first or fourth protecting circuit is shielded 
from light. 

21. An inspecting method of an active-matrix Substrate, 
said active-matrix Substrate comprising: a Substrate, a plu 
rality of Scanning lines which are disposed in parallel on Said 
Substrate, Signal lines which are arranged in parallel So as to 
interSect Said Scanning lines on Said Substrate, a plurality of 
Spare wires which are arranged on an input Side and a 
non-input Side of Said Signal lines and/or Said Scanning lines 
So as to intersect Said Signal lines and/or said Scanning lines, 
and a first protecting circuit which connects Said adjacent 
Spare wires So as to prevent an undesired high Voltage from 
being applied to the Spare wire, 

Said active-matrix Substrate, further comprising: a termi 
nal connected with Said Scanning line for a lighting 
inspection, a terminal connected with Said Signal line 
for the lighting inspection, a terminal connected with 
Said spare wire for the lighting inspection, and a fourth 
protecting circuit for connecting Said adjacent spare 
wires, in an area which is to be cut off upon completion 
of the lighting inspection, 

Said method comprising the Step of determining Voltage 
applied to a resistance measuring device, which mea 
Sures loop resistance, So as to allow a resistance value 
of said fourth protecting circuit to be more than 20 
times a resistance value of one spare wire. 

22. The inspecting method of the active-matrix Substrate 
as defined in claim 21, further comprising the Step of 
applying a current of not more than 1 uA to a plurality of 
Spare wires which have been corrected and measuring 
Voltage between the terminals So as to measure the loop 
resistance. 


