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(57) ABSTRACT 

A liquid crystal display is fabricated which has buS wires 
disposed in a grid shape, Switching elements coupled to the 
buS wires, and pixel electrodes which are disposed on an 
interlayer insulating film formed by coating and which are 
coupled with the Switching elements. In fabricating the 
liquid crystal display, when a transparent conductive film is 
formed on the interlayer insulating film which is formed by 
coating, the temperature of the Substrate is controlled to 
become 100° C.-170° C. In other way, when the transparent 
conductive film is formed on the interlayer insulating film in 
a non-heated condition, an oxygen flow rate ratio is Set to 1% 
or lower, and annealing is performed after forming the film. 
Thereby, when etching the ITO film on the interlayer insu 
lating film, etching residue is not produced. Further, contact 
resistance between the ITO film and the lower layer metal 
can be uniformly decreased, and display defects can be 
obviated. 
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LIQUID CRYSTAL DISPLAY HAVING 
TRANSPARENT CONDUCTIVE FILM ON 

INTERLAYER INSULATING FILM FORMED BY 
COATING 

FIELD OF THE INVENTION 

0001. The present invention relates generally to a liquid 
crystal display and a method of manufacturing the same. 
More particularly, the present invention relates to a liquid 
crystal display having a high resolution display panel in 
which an insulating film formed by coating Such as an 
organic film and the like is used as an interlayer insulating 
film. 

BACKGROUND OF THE INVENTION 

0002 Conventionally, a transmission type liquid crystal 
display is widely used in which a thin film transistor (TFT) 
or a metal insulator metal (MIM) device is used as a 
Switching element for driving and controlling each pixel 
electrode. 

0.003 FIG. 22A is a partial enlarged plan view showing 
a pixel portion of an active matrix Substrate in a conven 
tional transmission type liquid crystal display which uses 
TFTs and which is disclosed in Japanese patent laid-open 
publication No. 9-152625. FIG. 22B is a cross sectional 
view taken along the line B-B of FIG. 22A. In the active 
matrix Substrate of this transmission type liquid crystal 
display, a plurality of pixel electrodes are formed in a matrix. 
0004 As shown in FIG.22A, around a pixel electrode 1, 
there are disposed Scanning lines 2a and Signal lines 2b. The 
Scanning lines 2a are disposed parallel to each other and are 
used for Supplying Scanning Signals to the pixel electrodes 1. 
The Signal lines 2b are disposed parallel to each other and 
perpendicular to the Scanning lines 2a. The Signal lines 2b 
are used for Supplying display Signals to the pixel electrodes 
1. The Scanning lines 2a and the Signal lines 2b are disposed 
Such that a portion of each Scanning line 2a and a portion of 
each Signal line 2b overlap the peripheral portion of the pixel 
electrode 1. In the proximity of each of interSections 
between the Scanning lines 2a and the Signal lines 2b, there 
is disposed a thin film transistor (TFT) 3 which is coupled 
with the pixel electrode 1. 
0005. The gate electrode of the TFT3 is coupled with the 
scanning line 2a, and the source electrode of the TFT 3 is 
coupled with the signal line 2b. The drain electrode of the 
TFT3 is coupled with the pixel electrode 1 via a connecting 
electrode 4a and further via a contact hole 5, and is also 
coupled with an additional capacitance electrode 4b via the 
connecting electrode 4a. 
0006. As shown in FIG.22B, on a transparent insulating 
Substrate 6, a gate electrode 3a, a gate insulating film 7a, and 
a Semiconductor layer 8a are Stacked in this order. On the 
central portion of the Semiconductor layer 8a, a channel 
protection layer 8b is provided. Further, there is provided an 
amorphous Silicon (na-Si) layer which covers the Semicon 
ductor layer 8a and which is Segmented on the channel 
protection layer 8b into a source electrode 3b and a drain 
electrode 3c. 

0007 On an end portion of the source electrode 3b, there 
is disposed the Signal line 2b having a two layer Structure 
comprising a transparent conductive film and a metal layer. 
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Also, on an end portion of the drain electrode 3c, there are 
disposed a transparent conductive film and a metal layer, and 
the transparent conductive film is extended as the connecting 
electrode 4a to couple the drain electrode 3c and the pixel 
electrode 1 together. The connecting electrode 4a is also 
connected to the additional capacitance electrode 4b. Fur 
ther, an interlayer insulating film (passivation film) 9 is 
provided to cover the TFT3, the Scanning line 2a, the Signal 
line 2b, and the connecting electrode 4a. 
0008 An explanation will now be made on a manufac 
turing process of the active matrix Substrate having the 
above-mentioned Structure. First, on a transparent insulating 
Substrate 6 made, for example, of glass and the like, a gate 
electrode 3a is formed. On an area including the gate 
electrode 3a and the like, a gate insulating film 7a and an 
amorphous Silicon (a-Si) layer are formed one after another 
in this order. The amorphous Silicon (a-Si) layer is patterned 
to form a Semiconductor layer 8a. Next, on the Semicon 
ductor layer 8a and over the gate electrode 3a, a channel 
protection film 8b is formed. An amorphous silicon (na-Si) 
layer is then formed to cover the channel protection layer 8b 
and the Semiconductor layer 8a, and is patterned to form the 
Source electrode 3b and the drain electrode 3c. 

0009. On the source electrode 3b and the drain electrode 
3c, an interlayer insulating film 9 comprising an organic film 
is formed, and a contact hole 5 is opened in the interlayer 
insulating film 9. Thereafter, an indium-tin-oxide (ITO) film 
is formed to cover the interlayer insulating film 9 by 
Sputtering, and is patterned to form a plurality of transparent 
pixel electrodes 1 made of ITO. 
0010. In the above-mentioned process, it is preferable 
that, after forming the contact hole 5, the surface of the 
interlayer insulating film 9 comprising an organic film is 
ashed by using oxygen plasma. Thereby, it is possible to 
improve adhesion between the ITO film and the organic film 
and to avoid defective coupling between the ITO film and 
the metal film of the additional capacitance electrode. 
0011. The reason why the organic film having a lower 
relative permittivity value than that of an inorganic film is 
used as the interlayer insulating film 9 in place of the 
inorganic film hitherto used is to reduce croSS talk between 
the Signal lines and the pixel electrodes. That is, by using the 
organic film as the interlayer insulating film 9, it is possible 
to reduce capacitive coupling between the Signal lines and 
the pixel electrodes when the pixel electrodes and the Signal 
lines are partially overlapped to improve aperture ratio, and 
thereby it becomes possible to reduce the croSS talk. 
0012 Conventionally, when the ITO film is formed on 
the interlayer insulating film 9 comprising the organic film, 
a high temperature Sputtering method is used in which the 
transparent insulating Substrate 6 is heated to improve 
patterning characteristics of the ITO film. 
0013 An example of a method of forming an ITO film 
which uses the high temperature Sputtering is disclosed in 
Japanese patent No. 2520399. In this patent, it is described 
that a condition for forming an ITO film having good quality 
without causing deterioration of color filters is to Set the 
temperature of a substrate between 180° C. and 250 C. In 
Japanese patent laid-open publication No. 9-152625 men 
tioned before, a condition of forming the ITO film is not 
described at all. 
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0014) However, when the ITO film is formed by using the 
high temperature Sputtering, the ITO film deteriorates due to 
outgassing from the organic insulating film, and patterning 
can not be done well, due to the generation of etching 
residue. This is especially prominent when wet etching is 
used. 

0.015. In order to obviate such defects, it is conceivable to 
form the ITO film on the organic insulating film by using a 
low temperature Sputtering or Sputtering in a non-heated 
condition. However, when the low temperature Sputtering is 
used, contact resistance between the ITO film and the metal 
film of lower layer becomes large. 
0016. When the contact resistance becomes large, it 
becomes impossible to realize sufficient uniformity of the 
contact resistance in the Substrate area. Insufficient unifor 
mity of the contact resistance causes vertical Striped uneven 
neSS of an image displayed on a display panel Surface. The 
insufficient uniformity of the contact resistance has large 
influence on the displayed image especially in a high reso 
lution liquid crystal display panel in which, because of a 
narrow Space between respective signal lines, Signal termi 
nals coupled with the Signal lines are disposed on opposite 
Sides alternately or disposed on opposite sides every plural 
ity of Signal terminals. 
0.017. Also, when the contact resistance increases, a lat 
eral cross talk phenomenon occurs in a twisted nematic (TN) 
type liquid crystal display panel having a common Storage 
Structure, or in an in-plane Switching (IPS) type liquid 
crystal display panel. 
0.018 That is, in the TN type liquid crystal display panel 
having the common Storage Structure, a common Voltage 
potential is applied to common wiring conductors for con 
Stituting Storage capacitors. Therefore, it is necessary to 
mutually couple the common wiring conductors. When a 
TFTSubstrate structure is used in which the common wiring 
conductors are mutually coupled by using an ITO film on an 
interlayer insulating film (passivation film), the contact 
resistance becomes high because the interlayer insulating 
film is made of an organic insulating film. Therefore, it is 
inevitable that the overall resistance of the common wiring 
conductors becomes high. 

SUMMARY OF THE INVENTION 

0019. Therefore, it is an object of the present invention to 
provide a liquid crystal display and a method of manufac 
turing the same in which, when an ITO film is formed on an 
interlayer insulating film formed by coating, Such as an 
organic insulating film, etching residue is not produced and 
the ITO film can be formed and patterned appropriately. 
0020. It is another object of the present invention to 
provide a liquid crystal display and a method of manufac 
turing the same in which an ITO film is formed on an 
interlayer insulating film formed by coating, Such as an 
organic insulating film and in which contact resistance 
between an ITO film and a lower metal film can be reduced. 

0021. It is still another object of the present invention to 
provide a liquid crystal display and a method of manufac 
turing the Same in which contact resistance between an ITO 
film and a lower metal film can be reduced, thereby obvi 
ating display defects of an image displayed in a liquid crystal 
display panel. 
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0022. It is still another object of the present invention to 
provide a liquid crystal display and a method of manufac 
turing the Same in which contact resistance between an ITO 
film and a lower metal film can be reduced, thereby obvi 
ating vertical Striped unevenness of an image displayed in a 
liquid crystal display panel. 

0023. It is still another object of the present invention to 
provide a liquid crystal display and a method of manufac 
turing the Same in which contact resistance between an ITO 
film and a lower metal film can be reduced, thereby obvi 
ating lateral croSS talk phenomenon in a liquid crystal 
display panel. 

0024. It is still another object of the present invention to 
obviate the disadvantages of the conventional liquid crystal 
display and method of manufacturing the same. 
0025. According to an aspect of the present invention, 
there is provided a method of manufacturing a liquid crystal 
display which has buS wires disposed on a Substrate in a grid 
shape, Switching elements coupled to the buS wires, and 
pixel electrodes formed of a transparent conductive film 
disposed on an interlayer insulating film formed by coating, 
the pixel electrodes being coupled with the Switching ele 
ments via contact through holes formed through the inter 
layer insulating film, Said method comprising: controlling 
the temperature of the Substrate to 100-170° C., when the 
transparent conductive film is formed on the interlayer 
insulating film. 

0026. In this case, it is preferable that the substrate is 
previously heated in a heating chamber and then transferred 
to a chamber for forming the transparent conductive film. 
0027. It is also preferable that the substrate is previously 
heated and Sputter etched in a heating chamber and then 
transferred to a chamber for forming the transparent con 
ductive film. 

0028. It is further preferable that heating of the Substrate, 
Sputter etching after the heating, and forming the transparent 
conductive film thereafter are performed in the same 
Vacuum condition. 

0029. It is advantageous that the interlayer insulating film 
formed by coating is an organic insulating film. 

0030. It is also advantageous that the liquid crystal dis 
play has a metal film coupled with the transparent conduc 
tive film, the transparent conductive film is made of ITO, 
and the metal film coupled with the transparent conductive 
film is made of chromium or an alloy containing chromium 
as the main constituent. 

0031. According to another aspect of the present inven 
tion, there is provided a method of manufacturing a liquid 
crystal display which has bus wires disposed on a Substrate 
in a grid shape, Switching elements coupled to the bus wires, 
and pixel electrodes formed of a transparent conductive film 
disposed on an interlayer insulating film formed by coating, 
the pixel electrodes being coupled with the Switching ele 
ments via contact through holes formed through the inter 
layer insulating film, Said method comprising: forming the 
transparent conductive film on the interlayer insulating film 
in a non-heated condition and in a condition in which an 
oxygen flow rate ratio is 1% or Smaller; and annealing after 
forming the transparent conductive film. 



US 2002/O140895 A1 

0032. In this case, it is preferable that the annealing is 
performed at a temperature of 200-240 C. 
0033. It is also preferable that the interlayer insulating 
film formed by coating is an organic insulating film. 
0034. It is further preferable that the liquid crystal display 
has a metal film coupled with the transparent conductive 
film, the transparent conductive film is made of ITO, and the 
metal film coupled with the transparent conductive film is 
made of chromium or an alloy containing chromium as the 
main constituent. 

0035. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
liquid crystal display which has bus wires disposed on a 
Substrate in a grid shape, Switching elements coupled to the 
buS wires, and pixel electrodes formed of a transparent 
conductive film disposed on an interlayer insulating film 
formed by coating, the pixel electrodes being coupled with 
the Switching elements via contact through holes formed 
through a passivation film and the interlayer insulating film, 
Said method comprising: when forming the contact through 
holes formed through the passivation film and the interlayer 
insulating film, forming openings of the passivation film by 
plasma etching. 
0036). In this case, it is preferable that the interlayer 
insulating film formed by coating is an organic insulating 
film. 

0037. It is also preferable that the liquid crystal display 
has a metal film coupled with the transparent conductive 
film, the transparent conductive film is made of ITO, and the 
metal film coupled with the transparent conductive film is 
made of chromium or an alloy containing chromium as the 
main constituent. 

0.038 According to still another aspect of the present 
invention, there is provided a liquid crystal display com 
prising: a transparent Substrate; a plurality of parallel Scan 
ning lines disposed on the transparent Substrate; a plurality 
of parallel Signal lines which croSS the plurality of parallel 
Scanning lines, Switching elements coupled to the Scanning 
lines and the Signal lines, and pixel electrodes formed from 
a transparent conductive film disposed on an interlayer 
insulating film formed by coating, the pixel electrodes being 
coupled with the Switching elements via contact through 
holes formed through the interlayer insulating film; wherein 
the transparent conductive film formed on the interlayer 
insulating film has portions contacting a lower layer metal 
film and the interlayer insulating film has crystallinity at the 
portions contacting the lower layer metal film. 
0039. In this case, it is preferable that the interlayer 
insulating film formed by coating is an organic insulating 
film. 

0040. It is also preferable that the transparent conductive 
film is made of ITO, and the lower layer metal film con 
tacting the transparent conductive film is made of chromium 
or an alloy containing chromium as the main constituent. 
0041 According to still another aspect of the present 
invention, there is provided a liquid crystal display com 
prising: a transparent Substrate; a plurality of parallel Scan 
ning lines disposed on the transparent Substrate; a plurality 
of parallel Signal lines which croSS the plurality of parallel 
Scanning lines, Switching elements coupled to the Scanning 
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lines and the Signal lines, pixel electrodes formed from a 
transparent conductive film disposed on an interlayer insu 
lating film formed by coating, the pixel electrodes being 
coupled with the Switching elements via contact through 
holes formed through the interlayer insulating film; and 
Signal line terminals each of which is coupled to one end of 
the respective Signal lines and comprises a Stacked portion 
of the transparent conductive film and a lower layer metal 
film and which are disposed on opposite sides of the 
Substrate alternately or every plurality of terminals, wherein 
contact resistance between the transparent conductive film 
and the lower layer metal film differs between the signal line 
terminals on opposite Sides of the Substrate by a value of 
1500 S2 or Smaller. 

0042. In this case, it is preferable that the interlayer 
insulating film formed by coating is an organic insulating 
film. 

0043. It is also preferable that the transparent conductive 
film is made of ITO, and the lower layer metal film coupled 
with the transparent conductive film is made of chromium or 
an alloy containing chromium as the main constituent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044) These and other features, and advantages, of the 
present invention will be more clearly understood from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which like reference numerals 
designate identical or corresponding parts throughout the 
figures, and in which: 
004.5 FIG. 1 is a schematic plan view illustrating a 
Structure of a TFT Substrate in a transmission type liquid 
crystal display according to the first embodiment of the 
present invention; 
0046 FIG. 2 is a plan view showing a liquid crystal 
display panel which uses the TFT substrate 10 of FIG. 1; 
0047 FIG. 3 is an enlarged plan view showing a portion 
of one pixel of the TFT substrate of FIG. 1; 
0048 FIG. 4 includes a cross sectional view taken along 
the line A-A of FIG. 2, and a cross sectional view taken 
along the line BB of FIG. 3; 
0049 FIGS. 5A-5D are cross sectional views each illus 
trating Structures of workpieces during a manufacturing 
process of a liquid crystal display panel which uses the TFT 
Substrate of FIG. 1; 
0050 FIGS. 6E-6G are cross sectional views each illus 
trating Structures of workpieces during a manufacturing 
process of a liquid crystal display panel which uses the TFT 
Substrate of FIG. 1 obtained after the structures shown in 

0051 FIGS. 7A-7C are cross sectional views each illus 
trating Structures of workpieces during a fabrication process 
of a contact hole of a pixel portion shown in FIG. 4; 
0.052 FIGS. 8D-8E are cross sectional views each illus 
trating Structures of workpieces during a fabrication process 
of a contact hole of a pixel portion shown in FIG. 4 obtained 
after the structures shown in FIGS. 7A-7C; 

0053 FIGS. 9A-9C are cross sectional views each illus 
trating Structures of workpieces during a manufacturing 
process of a signal line terminal portion FIG. 4; 
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0.054 FIG. 10 is a schematic plan view illustrating a 
structure of a TFT substrate 50 in a transmission type liquid 
crystal display according to the Second embodiment of the 
present invention; 
0.055 FIG. 11 is an enlarged plan view showing a portion 
of one pixel of the TFT substrate of FIG. 10; 

0056 FIGS. 12A-12D are cross sectional views each 
illustrating Structures of workpieces during a manufacturing 
process of a TFT substrate of FIG. 10; 

0057 FIGS. 13E-13F are cross sectional views each 
illustrating Structures of workpieces during a manufacturing 
process of a TFT substrate of FIG. 10 obtained after the 
structures shown in FIGS. 12A-12D; 

0.058 FIG. 14 is a cross sectional view illustrating a 
Structure of a workpiece during a manufacturing process of 
a TFT Substrate of FIG. 10 obtained after the structures 
shown in FIGS. 13E-13F; 

0059 FIG. 15 is a graph showing an example of a 
relationship between a Substrate temperature and a rate of 
occurrence of vertical striped unevenness, when the ITO 
film was formed by Sputtering in accordance with the first 
embodiment; 

0060 FIG. 16 is a graph showing an example of a 
relationship between a oxygen flow rate ratio and a layer 
resistance, when the ITO film is formed by sputtering in a 
non-heated condition; 

0061 FIGS. 17A-17C are illustrations each showing an 
example of distribution of layer resistance within a Sub 
strate, after annealing at 200 C. after the sputtering of the 
ITO film in the non-heated condition; 

0.062 FIG. 18 is an illustration showing by a table a 
relationship between the Substrate temperature when the 
ITO film is sputtered and the condition of etching residue; 

0063 FIG. 19 is an illustration showing by a table a 
relationship between annealing temperature and ITO line 
width uniformity within the substrate and between annealing 
temperature and coloring of the organic insulating film, after 
the Sputtering of the ITO film in the non-heated condition; 

0.064 FIG. 20 is an illustration showing by a table a 
relationship between a difference in contact resistance Val 
ues of upside and downside Signal terminals and a condition 
of occurrence of Vertical Striped unevenness, in the first 
embodiment; 

0065 FIG.21A and FIG.21B are schematic illustrations 
showing examples of observation result by the TEM of the 
coupling portion between the transparent conductive film 
and the lower layer metal film in the liquid crystal display 
fabricated by the manufacturing method according to the 
present invention; and 

0.066 FIG. 22A is a partial enlarged plan view showing 
a pixel portion of an active matrix Substrate in a conven 
tional transmission type liquid crystal display which uses 
TFTs and which is disclosed in Japanese patent laid-open 
publication No. 9-152625; and 

0067 FIG.22B is a cross sectional view taken along the 
line BB of FIG. 22A. 
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DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0068. With reference to the drawings, embodiments of 
the present invention will be described in detail. 
0069 (First Embodiment) 
0070 FIG. 1 is a schematic plan view illustrating a 
Structure of a TFT Substrate in a transmission type liquid 
crystal display according to the first embodiment of the 
present invention. The TFT substrate 10 shown in FIG. 1 is 
opposed to an opposing Substrate 17 mentioned later, and the 
gap between the TFT substrate 10 and the opposing substrate 
17 is filled with liquid crystal material to form a liquid 
crystal display panel of a liquid crystal display (see FIG. 2 
and FIG. 4). 
0071. On the surface of the TFT substrate 10 on the side 
of the opposing Substrate 17, there are disposed a plurality 
of Signal lines 11 and a plurality of Scanning lines 12 which 
interSect the Signal lines 11, in a grid shaped arrangement. In 
the proximity of each interSection between one of the Signal 
lines 11 and one of the scanning lines 12, a TFT 13 is 
formed. Therefore, the TFT's 13 are disposed in a matrix. 
0072. In this embodiment, the TFT 13 constitutes a high 
resolution liquid crystal display panel having a CF on TFT 
(color filter on thin film transistor) structure in which color 
filters are disposed on or over the TFT's 13. 
0073. In a high resolution liquid crystal display panel, 
Since the Space between adjacent signal lines 11 which are 
disposed along vertical direction of the panel becomes 
narrow, Signal terminals 14 each of which is provided at one 
end of the Signal line 11 are located on the opposite sides of 
the TFT substrate 10 such that the signal terminals 14 are 
disposed on opposite sides alternately or disposed on oppo 
site sides every plurality of signal lines 11. With respect to 
the Scanning lines 12 which are disposed along lateral 
direction of the panel, Scanning line terminals 15 each of 
which is provided at one end of the Scanning line 12 are 
disposed on one side of the TFT substrate 10. 
0074 Each of the signal lines 11 is coupled with the 
Source electrodes of the TFT's 13 disposed in a correspond 
ing column of the TFT matrix, and used for inputting a data 
Signal to the Source electrodes. Each of the Scanning lines 12 
is coupled with the gate electrodes of the TFT's 13 disposed 
in a corresponding row of the TFT 13 matrix. A Scanning 
Signal is Supplied from each of the Scanning lines 12 to the 
corresponding gates of the TFT's 13. Thereby, each TFT 13 
is driven and the data Signal is written into a pixel electrode 
coupled with the drain electrode of the TFT 13. 
0075 FIG. 2 is a plan view showing a liquid crystal 
display panel which uses the TFT substrate 10 of FIG. 1. 
FIG. 3 is an enlarged plan view showing a portion of one 
pixel of the TFT substrate of FIG. 1. FIG. 4 includes a cross 
sectional view taken along the line A-A of FIG. 2, and a 
cross sectional view taken along the line B-B of FIG. 3. 
0076. As shown in FIG. 2 and FIG. 4, a liquid crystal 
display panel 16 has the TFT substrate 10 and an opposing 
Substrate 17 each of which comprises a transparent insulat 
ing Substrate made of glass and the like and each of which 
has a rectangular shape. In the gap between the TFT Sub 
Strate 10 and the opposing Substrate 17, liquid crystal 
material L (see FIG. 4) is inserted to form the liquid crystal 
display panel 16. 
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0077 On the upper surface of the TFT substrate 10, there 
is formed a black matrix 18. The black matrix 18 has a 
plurality of openings 19 (see FIG. 2) which correspond to 
pixel electrodes 33 (see FIG. 4). The openings 19 comprise, 
for example, openings 19R for red color filters, openings 
19G for green color filters and openings 19B for blue color 
filters, which are repetitively disposed in order. 
0078. The TFT substrate 10 and the opposing substrate 17 
are opposed to each other via a predetermined gap between 
them, and are fixed to each other by a Sealing material 20 
which is disposed along the peripheral portion of the Sub 
strates 10 and 17. On the outer peripheral portions of the 
TFTSubstrate 10 along three sides thereof, signal terminals 
are disposed. That is, a plurality of horizontal (H) Side 
terminals 21, i.e., Signal line terminals 14, are disposed 
along two of lateral edge portions of the panel and extend in 
a vertical direction, and a plurality of vertical (V) side 
terminals 22, i.e., Scanning line terminals 15, are disposed 
along one of Vertical edge portions of the panel and extend 
in lateral direction. The horizontal (H) side terminals 21 and 
the vertical (V) side terminals 22 are not covered by the 
opposing Substrate 17. 
0079 At a portion of the sealing material 20 on the side 
opposite to the Side along which the terminals 22 are 
disposed, there is disposed an infusion inlet 23 for infusing 
the liquid crystal material L into the gap between the TFT 
substrate 10 and the opposing substrate 17. The infusion 
inlet 23 is Sealed with a Sealing material or Sealant 24, after 
infusing the liquid crystal material L into the gap between 
the TFT substrate 10 and the opposing substrate 17. 
0080. As shown in FIG. 3 and FIG. 4, on the TFT 
substrate 10, a gate electrode 25 is formed, and, further, a 
gate insulating film 26 is formed So as to cover the gate 
electrode 25. On the gate insulating film 26, a Semiconductor 
layer 27 is formed such that the semiconductor layer 27 
overlaps the gate electrode 25 via the gate insulating film 26. 
Also, a source electrode 28 and a drain electrode 29 are 
disposed which are separated via the Space on the central 
portion of the Semiconductor layer 27 and which are coupled 
with the semiconductor layer 27. 
0081) A passivation film 30 is formed to cover the 
semiconductor layer 27, the source electrode 28, the drain 
electrode 29 and the like. Thereby, a TFT 13 is formed. 
0082 On the passivation film 30, a black matrix 18 as a 
light shield film is formed at portions corresponding to the 
TFT 13 and the like. Also, a picture frame black matrix 18a 
is shown which is formed in the proximity of the H side 
terminals 21 and the V side terminals 37. Although not 
shown in detail in the drawing, the picture frame light Shield 
film 18a is formed around the picture display area. Further, 
red color filters 46R, blue color filters 46B and green color 
filters (not shown in the drawing) are formed at portions 
corresponding to the pixel areas. 

0.083. An overcoat film 32 is formed to cover these color 
filters 31 and the passivation film 30. A plurality of trans 
parent pixel electrodes 33 are disposed on the overcoat film 
32. The pixel electrodes 33 are made, for example, of an ITO 
film and are disposed in a matrix. 
0084. When the above-mentioned TFT 13 is used as a 
Switching element, the drain electrode 29 functions as a lead 
electrode for coupling the pixel electrode 33 with the 
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Switching element. The drain electrode 29 and the pixel 
electrode 33 are coupled with each other via a contact 
through hole 34 which is formed so as to penetrate the 
overcoat film 32 and the passivation film 30. 

0085. The gate electrode 25 of the TFT 13 is coupled with 
the scanning line 12, the source electrode 28 of the TFT 13 
is coupled with the signal line 11, and the drain electrode 29 
is coupled with the pixel electrode 33 via the contact through 
hole 34. A Switching Signal is Supplied to the gate electrode 
25 of the TFT 13 via the scanning line 12, and an image 
signal is supplied to the source electrode 28 of the TFT 13 
via the Signal line 11, thereby electric charges are injected or 
written to the pixel electrode 33. 

0086) The black matrix 18 and the color filter 31 are 
formed without covering the portion of the contact through 
hole 34. 

0087. On the inner surface of the TFT substrate 10 having 
the pixel electrodes 33 formed thereon, there is formed an 
alignment film 35 which covers the pixel electrodes 33. 
Also, on the inner Surface of the opposing Substrate 17 
which opposes the alignment film 35 formed on the surface 
of the TFT substrate 10, there is formed an alignment film 
37. These TFT substrate 10 and the opposing substrate 17 
are opposed via the liquid crystal material L, and, between 
the TFTSubstrate 10 and the opposing substrate 17, there are 
also disposed spacers 36 to keep the gap between both 
Substrates 10 and 17 constant. 

0088. The alignment film 37 on the opposing Substrate 17 
is formed such that the alignment film 37 covers a trans 
parent common electrode 38 formed on the opposing Sub 
strate 17. The transparent common electrode 38, each of the 
pixel electrodes 33 and the liquid crystal material L disposed 
therebetween (see FIG. 4) constitute pixel capacitance. 
0089. Further, on the outside surfaces of the TFT sub 
strate 10 and the opposing substrate 17, that is, on the lower 
surface of the TFT substrate 10 and the upper surface of the 
opposing Substrate 17, there are formed a TFT side polarizer 
film 39 and an opposing substrate side polarizer film 40, 
respectively. 

0090 FIGS. 5A-5D and FIGS. 6E-6G are cross sectional 
Views each illustrating Structures of workpieces during a 
manufacturing process of a liquid crystal display panel 
which uses the TFT Substrate of FIG. 1. Each of FIGS. 
5A-5D and FIGS. 6E-6G includes a cross sectional view 
taken along the line A-A of FIG. 2, a croSS Sectional view 
taken along the line B-B of FIG. 3, and a cross sectional 
view taken along the line C-C of FIG. 2. FIGS. 6E-6G 
illustrate manufacturing Steps performed after manufactur 
ing steps illustrated by FIGS. 5A-5D. 

0091. As shown in FIGS. 5A-5D and FIGS. 6E-6G, first, 
a glass Substrate 10a which has a thickness of approximately 
0.7 mm and which is made of alkalifree glass is prepared. On 
the glass substrate 10a, a conductive film made of Cr, Mo, 
Cr/Al Stacked film, Mo/Al Stacked film and the like is 
formed to a film thickness of approximately 100-300 nm by 
Sputtering. By using a photolithography method, the con 
ductive film is patterned to form gate electrodes 25, Scanning 
lines (not shown in the drawing) and V side terminals (not 
shown in the drawing) which are terminals of the Scanning 
lines. 
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0092. Thereafter, by using a plasma CVD (chemical 
vapor deposition) method, a gate insulating film 26 made of 
silicon nitride (SiNx) is formed to a film thickness of 
approximately 300-500 nm. Further, a layer of amorphous 
Silicon (a-Si) is formed to a film thickness of approximately 
150-300 nm, and then a layer of phosphorus doped amor 
phous silicon (n'a-Si) is formed to a film thickness of 
approximately 30-50 nm. By using a photolithography 
method, these layers are patterned to form a Semiconductor 
layer 27. 

0093. A conductive film made of Cr, Mo, Cr/Al/Cr 
stacked film, Mo/Al/Mostacked film and the like is formed 
to a film thickness of approximately 100-400 nm by sput 
tering. By using a photolithography method, the conductive 
film is patterned to form Source electrodes 25, drain elec 
trodes 29, signal lines (not shown in the drawing) and Hside 
terminals which are terminals of the Signal lines. 
0094. By using plasma CVD method, a passivation film 
30 is formed which is made of an inorganic film such as a 
silicon nitride (SiNx) film and the like to a film thickness of 
approximately 100-200 nm (see FIG. 5A). 
0.095 Next, a black matrix 18 and a picture-frame black 
matrix 18a are formed by using negative type acrylic 
photoresist in which pigment is dispersed, or by using 
photoresist of carbon system. The black matrix 18 and the 
picture-frame black matrix 18a are formed to have a film 
thickness of approximately 1-3 lum, an optical density (OD 
value) of 3 or larger, and a sheet resistance value of 1x10' 
S2/O or larger (see FIG. 5B). 
0096. Further, by using negative type acrylic photoresist 
in which pigment is dispersed, red color filters 31R are 
formed which have a film thickness of approximately 1.0- 
1.5 lim. Similarly to the red color filters 31R, each color 
layer of blue color filters 31B and green color filters (not 
shown in the drawing) is formed (see FIG.5C). 
0097. Then, by using positive type novolac photoresist, 
an overcoat film 32 which is an organic insulating film 
having a film thickness of approximately 2.0-3.5 um is 
formed and patterned Such that an opening is formed in each 
portion where a contact through hole is to be formed. 
0098. Thereafter, plasma etching is performed by using a 
photolithography process, and the passivation film 30 is dry 
etched to form a contact through hole 34. In this case, 
Simultaneously with the formation of the contact through 
hole 34, the passivation film 30 on the H side terminals 21, 
and the passivation film 30 and the gate insulating film (not 
shown in the drawing) on the V Side terminals are also 
removed. 

0099 Here, in the plasma etching, a gas of fluorine 
system such as SF, CF, CHF and the like is high fre 
quency discharged, and etching is performed by using 
radicals of these gases. In this case, pressure of the gas, flow 
rate, discharge power and the like are optimized to obtain 
desired preferable profile of each contact through hole (see 
FIG. 5D). 
0100 Next, on the portion of the drain electrode 29 which 

is exposed via the Over coat film 32 and the contact through 
hole 34, a transparent conductive film made of an ITO film 
and having a film thickness of approximately 40-120 nm is 
formed by using Sputtering mentioned later. The transparent 
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conductive film is patterned by a photolithography process 
to form pixel electrodes 33. In this case, the transparent 
conductive film is also formed on the H side terminals 21 
and the V Side terminals (not shown in the drawing), and 
patterned simultaneously with the pixel electrodes 33 to 
form connecting electrodes 41 coupled to the H Side termi 
nals 21 which are terminals for the Signal lines and con 
necting electrodes (not shown in the drawing) coupled to the 
V side terminals which are terminals for the Scanning lines 
(see FIG. 6E). 
0101. On the TFT substrate 10, an alignment film 35 is 
formed which is made of alignment material of polyimide 
system and which has a film thickness of 30-60 nm, and 
aligning treatment is performed. Thereafter, a Sealing mate 
rial 20 made of adhesive of epoxy resin System is applied 
along the periphery of the TFT substrate 10 (see FIG. 6F). 
0102 Similarly to the TFT substrate 10, in order to 
fabricate an opposing Substrate 17, first, a glass Substrate 
which has a thickness of approximately 0.7 mm and which 
is made of alkalifree glass is prepared. On the glass Sub 
Strate, a transparent conductive film is formed which is made 
of an ITO film having a film thickness of approximately 
80-150 nm and which has a sheet resistance value of 20-40 
S2/O, thereby a transparent common electrode 36 on the 
opposing Substrate Side is formed. Further, on the transpar 
ent common electrode 36, an alignment film 37 is formed 
which is made of alignment material of polyimide System 
and which has a film thickness of 30-60 nm, and aligning 
treatment is performed. Thereby, the opposing Substrate 17 
is fabricated. 

0103) Then, the TFT substrate 10 and the opposing 
Substrate 17 are opposed and fixed via the Sealing material 
20 and Spacers (not shown in the drawing) therebetween. A 
liquid crystal material L comprising a compound of fluorine 
System is infused from an infusing inlet 23 into the gap 
between the TFT substrate 10 and the opposing Substrate 17. 
Thereafter, the infusing inlet 23 is Sealed by using a Sealing 
material 24 which is made of UV curable type resin of 
acrylate System. Thereby, a liquid crystal display panel 
having a predetermined gap between the TFT substrate 10 
and the opposing Substrate 17 is obtained. 
0104 Finally. on the outside surfaces of the TFT sub 
strate 10 and the opposing substrate 17, that is, on the lower 
surface of the TFT substrate 10 and the upper surface of the 
opposing Substrate 17, there are formed a TFT side polarizer 
film 39 comprising a polarizer film of iodine System and an 
opposing Substrate Side polarizer film 40 comprising a 
polarizer film of iodine System, respectively. Thereby, a 
liquid crystal display panel 16 is fabricated which uses the 
TFT substrate 10 (see FIG. 6G). 
0105 FIGS. 7A-7C and FIGS. 8D-8E are cross sectional 
Views each illustrating Structures of workpieces during a 
fabrication process of a contact hole of a pixel portion shown 
in FIG. 4. Each of FIGS. 7A-7C and FIGS. 8D-8E includes 
a croSS Sectional view taken along the line perpendicular to 
the line B-B of FIG. 3. FIGS. 8D-8E illustrate manufactur 
ing Steps performed after manufacturing Steps illustrated by 
FIGS. 7A-7C. 

0106) As shown in FIGS. 7A-7C and FIGS. 8D-8E, first, 
a glass Substrate 10a is prepared. On the glass Substrate 10a, 
a gate insulating film 26 is formed, and a drain electrode 29 
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is formed thereon. Then, a passivation film 30 is formed to 
cover the drain electrode 29 (see FIG. 7A). 
0107 Thereafter, a color layer comprising, for example, 
a blue color filter 31B is formed on the passivation film 30 
except the central portion thereof on the drain electrode 29 
(see FIG. 7B). Further, an overcoat film 32 is formed and 
patterned such that the overcoat film 32 coats the color layer 
and has an opening at the portion where a contact through 
hole is to be formed (see FIG. 7C). 
0108. Thereafter, by using a photolithography process, 
the passivation film 30 is etched to form a contact through 
hole 34 through which the drain electrode 29 is exposed (see 
FIG. 8D). 
0109) Next, on the portion of the drain electrode 29 which 

is exposed via the contact through hole 34, and on the 
overcoat film 32, a transparent conductive film made of an 
ITO film is formed by using a sputtering method. The 
transparent conductive film is patterned by a photolithogra 
phy process to form pixel electrodes 33 (see FIG. 8E). 
Thereby, the drain electrode 29 and the pixel electrode 33 is 
coupled with each other via the contact through hole 34. 

0110 FIGS. 9A-9C are cross sectional views each illus 
trating Structures of workpieces during a manufacturing 
process of a signal line terminal portion FIG. 4. Each of 
FIGS. 9A-9C includes a cross sectional view taken along the 
direction of a short Side of a Signal line terminal. 

0111. As shown in FIG. 9A, first, a glass substrate 10a is 
prepared. On the glass Substrate 10a, by using a plasma 
CVD (chemical vapor deposition) method, a gate insulating 
film 26 is formed. Then, on the gate insulating film 26, an H 
Side terminal 21 which is a Signal line terminal portion is 
formed. Thereafter, a passivation film 30 is formed to cover 
the H side terminal 21 (see FIG. 9A). In a process of 
forming the black matrix and in a process of forming the 
color layer, the above-mentioned layers are not formed. 
0112 Thereafter, by using a photolithography process, 
the passivation film 30 is etched to form a contact through 
hole 34 which exposes the Hside terminal 21 (see FIG. 9B). 
0113. Next, on the H side terminal 21 which is exposed 
via the contact through hole 34 and on the portion of the 
passivation film 30 at the peripheral portion of the contact 
through hole 34, a transparent conductive film made of an 
ITO film is formed by sputtering. The transparent conduc 
tive film is patterned by a photolithography process to form 
a connecting electrode 41 (see FIG. 9C). Thereby, the 
connecting electrode 41 is formed which is coupled, via the 
contact through hole 34, with the H side terminal 21 as the 
Signal terminal portion. Here, formation of the transparent 
conductive film of the connecting electrode 41 is performed 
Simultaneously with formation of the transparent conductive 
film of the pixel electrode 33. 

0114. When the transparent conductive film made of an 
ITO film is formed on an organic interlayer insulating film, 
the TFT substrate 10 is heated such that the temperature of 
the TFT substrate 10 becomes approximately 100-170 
degrees Celsius (C.). Also, when the transparent conduc 
tive film is formed, the film can be formed in a non-heated 
condition and an oxygen flow rate ratio (O/Ar) is adjusted 
to approximately 1% or lower, preferably to 0.5% or lower, 
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and more preferably to 0.2% or lower. Further, after forming 
the film, an annealing process is performed at a temperature 
of 200-240 degrees Celsius. 
0115 (Second Embodiment) 
0116 FIG. 10 is a schematic plan view illustrating a 
structure of a TFT substrate 50 in a transmission type liquid 
crystal display according to the Second embodiment of the 
present invention. As shown in FIG. 10, on the surface of the 
TFT substrate 50 on the side of an opposing substrate not 
shown in the drawing, there are disposed a plurality of Signal 
lines 11 and a plurality of Scanning lines 12 which intersect 
the Signal lines 11, in a grid shaped arrangement. In the 
proximity of an interSection between one of the Signal lines 
11 and one of the scanning lines 12, a TFT 13 is formed. 
Therefore, the TFT's 13 are disposed in a matrix. 
0117. Also, there are disposed common wiring conduc 
tors, i.e., common lines, 51 between adjacent Scanning lines 
12. The common wiring conductors 51 and the pixel elec 
trodes form Storage capacitance in a common Storage type 
liquid crystal display. 

0118. The common wiring conductors 51 are mutually 
coupled to apply a common Voltage potential thereto. There 
fore, there are disposed common coupling wire lines 52 
which extend in vertical direction on both sides of the TFT 
Substrate 50 shown in FIG. 10. That is, one of the common 
coupling wire lines 52 is disposed along the left Side of the 
TFT substrate 50, and the other of the common coupling 
wire lines 52 is disposed along the right side of the TFT 
substrate 50. Both end portions of the common wiring 
conductorS 51 are respectively coupled to the common 
coupling wire lines 52. The Storage capacitance is formed 
between the common wiring conductorS 51 and the pixel 
electrodes coupled with the drain electrodes of the TFT's 13. 
At one or both end portions of each of the common coupling 
wire lines 52, there are provided common wiring terminals 
53. 

0119 FIG. 11 is an enlarged plan view showing a portion 
of one pixel of the TFT substrate of FIG. 10. As shown in 
FIG. 11, in an area on the TFT substrate 50 surrounded by 
the Signal lines 11 and the Scanning lines 12 which intersect 
the Signal lines 11, there are disposed a comb shaped pixel 
electrode 54 and a comb shaped common electrode 55 which 
are interdigitated with each other. 

0120) The gate electrode 25 of the TFT 13 is formed by 
commonly using a portion of each Scanning line 12. The 
drain electrode 29 of the TFT 13 is coupled with the pixel 
electrode 54 via a contact through hole for pixel electrode 
56. The common wiring conductors 51 are coupled with the 
common electrode 55 via a contact through hole for com 
mon electrode 57. The source electrode 28 is coupled with 
the Signal line 11. 
0121. In this TFT 13, a Switching signal is supplied to the 
gate electrode 25 via the Scanning line 12, and an image 
Signal is Supplied to the Source electrode 28 via the Signal 
line 11, thereby electric charges are injected or written to the 
pixel electrode 54. 

0122 FIGS. 12A-12D, FIGS. 13E-13F and FIG. 14 are 
croSS Sectional views each illustrating Structures of work 
pieces during a manufacturing process of a TFT Substrate of 
FIG. 10. Each of FIGS. 12A-12D, FIGS. 13E-13F and FIG. 
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14 includes a croSS Sectional view taken along the line A-A 
of FIG. 11, a cross sectional view taken along the line B-B 
of FIG. 11, and a cross sectional view taken along the line 
C-C of FIG. 11. In these drawings, the cross sectional view 
taken along the line A-A shows a TFT portion, the croSS 
Sectional view taken along the line B-B shows a pixel 
portion, and the croSS Sectional view taken along the line 
C-C shows a contact through hole portion for common 
electrode (ITO-COM portion). FIGS. 13E-13F illustrate 
manufacturing Steps performed after manufacturing Steps 
illustrated by FIGS. 12A-12D. Also, FIG. 14 illustrates 
manufacturing Steps performed after manufacturing Steps 
illustrated by FIGS. 13E-13F. 
0123. As shown in FIGS. 12A-12D, FIGS. 13E-13F and 
FIG. 14, first, a glass substrate 10a is prepared. On the glass 
Substrate 10a, a conductive film made of Cr, Mo, Cr/Al 
stacked film, Mo/Al Stacked film and the like is formed to a 
film thickness of approximately 100-300 nm by sputtering. 
By using a photolithography process, the conductive film is 
patterned to form gate electrodes 25, Scanning lines (not 
shown in the drawing), the common wiring conductors 51, 
and Scanning line terminals (not shown in the drawing) (see 
FIG. 12A). 
0124. Thereafter, by using a plasma CVD (chemical 
vapor deposition) process, a gate insulating film 26 made of 
silicon nitride (SiNx) is formed to a film thickness of 
approximately 300-500 nm. Further, a layer of amorphous 
Silicon (a-Si) is formed to a film thickness of approximately 
150-300 nm, and then a layer of phosphorus doped amor 
phous silicon (na-Si) is formed to a film thickness of 
approximately 30-50 nm. By using a photolithography pro 
ceSS, these layers are patterned to form a Semiconductor 
layer 27 (see FIG. 12B). 
0125. A conductive film made of Cr, Mo, Cr/Al/Cr 
stacked film, Mo/Al/Mostacked film and the like is formed 
to a film thickness of approximately 100-400 nm by sput 
tering. By using a photolithography process, the conductive 
film is patterned to form Source electrodes 28, drain elec 
trodes 29, pixel electrodes of signal line layer 58, signal lines 
11 which are adjacent to each other via the pixel electrode 
58 therebetween, and signal line terminals (not shown in the 
drawing) (see FIG. 12C). 
0.126 By using a plasma CVD process, a passivation film 
30 is formed which is made of an inorganic film such as a 
silicon nitride (SiNx) film and the like to a film thickness of 
approximately 100-300 nm (see FIG. 12D). 
0127. Then, by using positive type novolac photoresist, 
an organic insulating film 59 having a film thickness of 
approximately 2.0-3.5 um is formed and patterned Such that 
an opening is formed in each portion where a contact 
through hole is to be formed (see FIG. 13E). 
0128. Thereafter, plasma etching is performed by using a 
photolithography process, and the passivation film 30 is dry 
etched to form a contact through hole for pixel electrode 56 
which exposes the drain electrode 29, and a contact through 
hole which exposes a signal line terminal portion (not shown 
in the drawing). Also, the passivation film 30 and the gate 
insulating film 26 are etched to form a contact through hole 
for common wiring conductors 57 which exposes the com 
mon wiring conductor 51, and a contact through hole which 
exposes a signal line terminal portion (not shown in the 

Oct. 3, 2002 

drawing). Here, plasma etching is performed in a manner 
similar to that of the first embodiment (see FIG. 13F). 
0129. Next, on the contact through holes 56 and 57, and 
on the organic insulating film 59, a transparent conductive 
film made of an ITO film is formed by sputtering. The 
transparent conductive film is patterned by a photolithogra 
phy process to form a pixel electrode 54, a common elec 
trode 55, and connecting electrodes (not shown in the 
drawing) on the Signal line terminal and the Scanning line 
terminal. In this case, the pixel electrode 54 is located on the 
organic insulating film 59 corresponding to the location of 
the pixel electrode of the signal line layer 58. Also, the 
common electrode 55 is located on the organic insulating 
film 59 corresponding to the location of the signal line 11 
(see FIG. 14). 
0.130. Thereby, a structure is obtained in which the pixel 
electrode 54 is coupled with the source electrode 28 via the 
contact through hole for pixel electrode 56, the common 
electrode 55 is coupled with the common wiring conductors 
51 via the contact through hole for common electrode 57, 
and the connecting electrodes are coupled with the Signal 
line terminal and the Scanning line terminal via the contact 
through hole for Signal line and the contact through hole for 
Scanning line, respectively. 
0131 When the transparent conductive film made of an 
ITO film is formed on an organic interlayer insulating film, 
the TFT substrate 50 is heated such that the temperature of 
the TFT substrate 50 becomes approximately 100-170 
degrees Celsius, in a manner Similar to the first embodiment. 
In other way, when the transparent conductive film is 
formed, the film is formed in a non-heated condition, i.e., at 
room temperature, and an oxygen flow rate ratio (O/Ar) is 
adjusted to approximately 1% or lower, preferably to 0.5% 
or lower, and more preferably to 0.2% or lower. Further, 
after forming the film, an annealing proceSS is performed at 
a temperature of 200-240 degrees Celsius. 
0132) Thereafter, similarly to the first embodiment, an 
alignment film 35 is formed on the Surface of the TFT 
Substrate 50, and aligning treatment is performed. Also, an 
opposing Substrate 17 is prepared on which a black matrix 
18, color filters 31 and an alignment film 37 is formed and 
in which aligning treatment is performed. Then, the TFT 
substrate 50 and the opposing Substrate 17 are opposed and 
fixed via the sealing material 20 and spacers 36 therebe 
tween. Aliquid crystal material L is infused from an infusing 
inlet into the gap between the TFT substrate 50 and the 
opposing Substrate 17. Thereafter, the infusing inlet is Sealed 
by using a Sealing material. Thereby, a liquid crystal display 
panel having a wide viewing angle and a high aperture ratio 
is obtained. 

0.133 AS mentioned above, in the first embodiment and 
the Second embodiment, it is important that, when the 
transparent conductive film made of an ITO film is formed 
on an organic interlayer insulating film, the TFT Substrate is 
heated Such that the temperature of the TFT substrate 
becomes approximately 100-170 degrees Celsius. As 
another way, when the transparent conductive film is 
formed, the film is formed in a non-heated condition and an 
oxygen flow rate ratio (O/Ar) is adjusted to approximately 
1% or lower, preferably to 0.5% or lower, and more pref 
erably to 0.2% or lower. Further, after sputtering the film, an 
annealing process is performed at a temperature of 200-240 
degrees Celsius. 
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0134) The above conditions were obtained based on the 
following consideration on the relationship between Sub 
Strate temperature and a rate of occurrence of vertical Striped 
unevenness, the relationship between an oxygen flow rate 
ratio (O/Ar) and layer resistance, and the relationship of 
etching residue and coloring of an organic insulating film, 
and the like, when the transparent conductive film was 
Sputtered. 
0135 FIG. 15 is a graph showing an example of a 
relationship between a Substrate temperature and a rate of 
occurrence of vertical striped unevenness, when the ITO 
film was formed by Sputtering in accordance with the first 
embodiment. As shown in FIG. 15, when the ITO film is 
sputtered while heating the TFT substrate 10, and when the 
Substrate temperature is raised from a room temperature to 
50° C., 100° C., 150° C. and further to 200° C., the rate of 
occurrence of Vertical Striped unevenneSS gradually 
becomes Small. The rate of occurrence of Vertical Striped 
unevenneSS was approximately 40% at the room tempera 
ture, but the rate of occurrence of Vertical Striped unevenneSS 
became approximately 5% at 100 C., and became approxi 
mately zero at 150° C. 
0136. In this case, it is preferable that the heating of the 
Substrate was done previously in a heating chamber which is 
Separate from a chamber for forming the film Such that the 
organic insulating film is Sufficiently outgassed. Also, in this 
case, in order to keep the temperature of the Substrate, 
heating of the substrate in the chamber for forming the film 
may be or may not be done. 
0.137 FIG. 16 is a graph showing an example of a 
relationship between a oxygen flow rate ratio and a layer 
resistance, when the ITO film is formed by sputtering in a 
non-heated condition, i.e., at room temperature. AS Shown in 
FIG. 16, when the ITO film is sputtered, and when an 
oxygen flow rate ratio (O/Ar) is raised from approximately 
0% to 2.5%, the layer resistance value gradually increases. 
The layer resistance value became approximately 65 S2/O at 
0.5%, approximately 80 S2/O at 1%, and approximately 110 
C2/O at 1.5%. At the same time, dispersion 3O of the layer 
resistance value also gradually increased, and became 
approximately 8 S2/O at 0.5%, approximately 23 S2/O at 1%, 
and approximately 39 S2/O at 1.5%. 
0138 FIGS. 17A-17C are illustrations each showing an 
example of distribution of layer resistance within a Sub 
strate, after annealing at 200 C. after the sputtering of the 
ITO film in the non-heated condition. As shown in FIGS. 
17A-17C, when the oxygen flow rate ratio (O/Ar) at the 
sputtering of the ITO film is raised from 0.05% to 0.8% and 
to 2.1%, the condition of distribution of the layer resistance 
within the Substrate becomes worse in accordance with the 
increase in the layer resistance. 
0139 FIG. 18 is an illustration showing by a table a 
relationship between the Substrate temperature when the 
ITO film is sputtered and the condition of etching residue. 
Here, the etching of the ITO film was performed by using 
etchant of ferric chloride System and of aqua regia System. 
As shown in FIG. 18, when the substrate temperature was 
100° C., 150° C. and 170° C., the condition of etching 
residue was quite Satisfactory or Satisfactory. However, 
when the substrate temperature was 200 C., quantity of 
etching residue of ITO became large and it was impossible 
to perform etching of the ITO film. 
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0140. This is because the ITO film is deteriorated or 
changes in quality due to outgassing from the organic 
insulating film. Therefore, it is preferable that the substrate 
temperature when the ITO film is sputtered should be lower 
than or equal to 170° C. 
0141 FIG. 19 is an illustration showing by a table a 
relationship between annealing temperature and ITO line 
width uniformity within the substrate and between annealing 
temperature and coloring of the organic insulating film, after 
the Sputtering of the ITO film in the non-heated condition. 
As shown in FIG. 19, with respect to the ITO line width 
uniformity, when the annealing temperature is 150° C. in the 
Second embodiment, display condition became defective. 
With respect to the coloring of the organic insulating film, 
when the annealing temperature is 240 C., it is permissible, 
but when the annealing temperature is 250 C., transmit 
tance is considerably deteriorated. 
0142. This is because the photoresist material of the 
organic insulating film is decomposed at a temperature of 
240 C. or higher. Therefore, it is preferable that the anneal 
ing temperature after the ITO Sputtering is in a range from 
200° C. to 240° C., and it is more preferable that the 
annealing temperature is in a range from 200 C. to 230 C. 
0.143 FIG. 20 is an illustration showing by a table a 
relationship between a difference in contact resistance Val 
ues at portions of upside and downside Signal terminals 
(FIG. 1) and a condition of occurrence of vertical striped 
unevenness, in the first embodiment. As shown in FIG. 20, 
when the difference in contact resistance values between the 
upside and downside signal terminal portions is 0 S2 or 1000 
S2, Vertical Striped unevenneSS is not observed. However, 
when the difference in contact resistance values between the 
upside and downside signal terminals is 1500 S2, vertical 
Striped unevenneSS is slightly observed, and when the dif 
ference in contact resistance values between the upside and 
downside signal terminals is 3000 S2, vertical striped 
unevenness is clearly observed. Therefore, it is preferable 
that the difference in contact resistance values between the 
upside and downside Signal terminals is 1500 S2 or Smaller, 
and it is more preferable that the difference is 1000 S2 or 
Smaller. 

0144. Also, in the liquid crystal display which is fabri 
cated by the manufacturing method mentioned above and in 
which pixel electrodes are formed on the organic interlayer 
insulating film, it is preferable that the transparent conduc 
tive film has crystallinity at each coupling portion between 
the transparent conductive film and the lower layer metal 
film. The reason for this is as follows. That is, when it is 
possible to decide that a portion of the transparent conduc 
tive film contacting the lower layer metal film has crystal 
linity from the result of observation by using transmission 
electron microscope (TEM), it is deemed that defects such 
as the Vertical Striped unevenneSS are not observed. 

0145 FIG.21A and FIG.21B are schematic illustrations 
showing examples of observation result by the TEM of the 
coupling portion between the transparent conductive film 
and the lower layer metal film in the liquid crystal display 
fabricated by the manufacturing method according to the 
present invention. 
0146). As shown in FIG. 21A, when crystallinity is 
observed at the coupling portion between the transparent 
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conductive film and the lower layer metal film, that is, when 
atomic disposition reaches the interface portion, lattice of 
ITO connects to Cr portion and vertical Striped unevenneSS 
does not occur. On the other hand, as shown in FIG. 21B, 
when crystallinity is hardly observed at the coupling portion 
between the transparent conductive film and the lower layer 
metal film, lattice of ITO does not connect to Crportion and 
Vertical Striped unevenneSS occurs. In this way, it is possible 
to judge whether the liquid crystal display is a good product 
or a defective product, based on the detailed Structure at the 
ITO/Cr interface portion. 

0147 Therefore, it is preferable that the liquid crystal 
display having pixel electrodes which are formed on the 
organic interlayer insulating film and which are separated 
from the Scanning lines and the Signal lines is fabricated on 
at least one of the following various conditions. 

0.148 1. Sputtering of the transparent conductive 
film is performed at the Substrate temperature of 
100-170° C. 

0149 2. Before performing the sputtering of the 
transparent conductive film, the Substrate is heated in 
the same vacuum condition and thereafter Sputter 
etching is performed. That is, the Substrate is heated 
and outgassed previously in a heating chamber, 
before transporting the Substrate into a chamber for 
forming a film. Further, by Sputter etching, oxides 
and fluorides on the surface of the lower layer metal 
film at each contact through hole portion are 
removed. 

0.150) 3. The Sputtering of the transparent conduc 
tive film is performed in a non-heated condition, and 
an oxygen flow rate ratio is set to 1% or lower. 
Further, annealing is performed after the Sputtering. 
In this case, annealing is performed at a temperature 
in a range of 200-240° C. 

0151. These conditions are especially effective when the 
transparent conductive film is the ITO film, and when the 
lower layer metal is made of Cr or an alloy containing Cras 
the main constituent. 

0152 Etching of the contact through hole formed in the 
passivation film or the gate insulating film is usually per 
formed by using a gas of CF, CF and the like. In case the 
lower layer metal is made of Cr or an alloy containing Cras 
the main constituent, when over-etching is performed, Cr or 
an alloy containing Cr as the main constituent is not etched 
and fluorine (F) elements remain on the Surface of the metal 
layer, thereby the contact resistance between the transparent 
conductive film and the lower layer metal becomes large. 

0153. It is preferable that the above-mentioned etching of 
the contact through hole is performed by plasma etching 
which useS radicals having a low energy. The reactive ion 
etching which is usually used for etching contact through 
holes and which uses ions has a high etching energy and, as 
a result of an analysis of the ITO/Cr interface, it was found 
that a large amount of fluorine (F) elements remain on the 
Surface of the Cr film. 

0154 As mentioned above, by the experiment performed 
by the inventors of the present invention, it has been 
confirmed that the above-mentioned conditions according to 
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the present invention are quite effective as a way of Sup 
pressing an increase in the contact resistance value. 
O155 In this way, according to the present invention, in 
a high resolution liquid crystal display panel which has an 
organic interlayer insulating film Structure or in a liquid 
crystal display panel which has a common Storage Structure 
and the like, the conditions of forming an ITO film which 
constitutes pixel electrodes, for example, a heating tempera 
ture, a oxygen flow rate ratio and the like are optimized. 
0156 That is, after previously performing outgassing of 
a Substrate by heating the Substrate in a heating chamber, the 
Substrate is transported into a chamber for forming a film 
and the Substrate temperature at the ITO Sputtering is 
controlled to become 100-170° C. Also, the Sputtering is 
done in a non-heated condition Such as room temperature, 
and an oxygen flow rate ratio is Set to 1% or lower. Further, 
annealing is performed after the Sputtering. In this case, 
annealing is performed at a temperature in a range of 
200-240 C. Thereby, it is possible to obtain a structure in 
which whole portion of the ITO film on the lower layer metal 
at the contact through hole portion has crystallinity. 
O157 Thereby, influence of outgassing from the organic 
interlayer insulating film can be obviated, and film quality of 
an ITO film is improved such that it has crystallinity. Also, 
contact resistance between the ITO film and the lower layer 
metal can be decreased and uniformed, without causing an 
increase in a contact resistance value and unevenness thereof 
within a Substrate Surface. 

0158 As a result, it is possible to suppress vertical striped 
unevenneSS in a high resolution liquid crystal display panel. 
It is also possible to decrease lateral cross talk in a TN or IPS 
type liquid crystal display panel having a common Storage 
Structure. 

0159. In the above-mentioned embodiments, as an 
example, an organic insulating film Such as a photosensitive 
novolac type photoresist film is used as an insulating film 
formed by coating. However, the present invention is not 
limited to Such film. It is of course possible to use polyimide 
resin, acrylic resin and the like, and also to use inorganic 
resin material Such as Silicon oxide, Silicon nitride and the 
like. Also, it is possible to use materials which are not 
photosensitive. In Such case, it is necessary to perform an 
etching process and a resist removing process after devel 
opment, in a manner Similar to a usual photolithography 
proceSS. 

0160 Also, in the above-mentioned embodiments, a pro 
ceSS of forming an insulating film which is applied by 
coating and a process of forming an opening in a passivation 
film use Separate photolithography processes. However, it is 
also possible to use the same process to form Such opening. 
0.161 Further, in the above-mentioned embodiments, a 
liquid crystal display is described which uses inverted 
Staggered channel etching type TFTS. However, it is also 
possible to use TFTs of channel protection type or non 
inverted staggered type TFT's. Further, it is also possible to 
apply the present invention not only to TFT of Staggered 
type but also to coplanar type TFTS. Also, the present 
invention can be applied not only to amorphous Silicon 
(a-Si) TFT's but also to polysilicon (p-Si) TFT's. Still 
further, each of the Switching elements may be an MIM 
(metal-insulator-metal) type element. 
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0162 AS mentioned above, according to the present 
invention, there is provided a liquid crystal display which 
has bus wires disposed in a matrix or in the shape of a grid, 
Switching elements coupled to the buS wires, and pixel 
electrodes which are disposed on an interlayer insulating 
film formed by coating and which are coupled with the 
Switching elements via contact through holes formed via the 
interlayer insulating film. In the process of fabricating the 
liquid crystal display, when a transparent conductive film is 
formed on the interlayer insulating film which is formed by 
coating, the temperature of the Substrate is controlled to 
become 100° C.-170° C. In other way, when the transparent 
conductive film is formed on the interlayer insulating film in 
a non-heated condition, an oxygen flow rate ratio is Set to 1% 
or lower, and annealing is performed after forming the film. 
0163 Thereby, the ITO film on the lower layer metal at 
the contact through hole portion has crystallinity. Also, when 
etching the ITO film on the interlayer insulating film, 
etching residue is not produced. Further, contact resistance 
between the ITO film and the lower layer metal can be 
uniformly decreased, and display defects on the display 
Screen of the liquid crystal display can be obviated. 
0164. In the foregoing specification, the invention has 
been described with reference to specific embodiments. 
However, one of ordinary skill in the art appreciates that 
various modifications and changes can be made without 
departing from the Scope of the present invention as Set forth 
in the claims belo. Accordingly, the Specification and figures 
are to be regarded in an illustrative Sense rather than a 
restrictive sense, and all Such modifications are to be 
included within the scope of the present invention. There 
fore, it is intended that this invention encompasses all of the 
variations and modifications as falling within the Scope of 
the appended claims. 

What is claimed is: 
1. A method of manufacturing a liquid crystal display 

which has bus wires disposed on a Substrate in a grid shape, 
Switching elements coupled to the buS wires, and pixel 
electrodes formed of a transparent conductive film disposed 
on an interlayer insulating film formed by coating, the pixel 
electrodes being coupled with the Switching elements via 
contact through holes formed through the interlayer insu 
lating film, Said method comprising: 

controlling the temperature of the substrate to 100-170 
C., when the transparent conductive film is formed on 
the interlayer insulating film. 

2. A method of manufacturing a liquid crystal display as 
Set forth in claim 1, wherein the Substrate is previously 
heated in a heating chamber and then transferred to a 
chamber for forming the transparent conductive film. 

3. A method of manufacturing a liquid crystal display as 
Set forth in claim 1, wherein the Substrate is previously 
heated and Sputter etched in a heating chamber and then 
transferred to a chamber for forming the transparent con 
ductive film. 

4. A method of manufacturing a liquid crystal display as 
Set forth in claim 1, wherein heating of the Substrate, Sputter 
etching after the heating, and forming the transparent con 
ductive film thereafter are performed in the same vacuum 
condition. 
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5. A method of manufacturing a liquid crystal display as 
Set forth in claim 1, wherein the interlayer insulating film 
formed by coating is an organic insulating film. 

6. A method of manufacturing a liquid crystal display as 
Set forth in claim 1, wherein the liquid crystal display has a 
metal film coupled with the transparent conductive film, the 
transparent conductive film is made of ITO, and the metal 
film coupled with the transparent conductive film is made of 
chromium or an alloy containing chromium as the main 
constituent. 

7. A method of manufacturing a liquid crystal display 
which has bus wires disposed on a Substrate in a grid shape, 
Switching elements coupled to the bus wires, and pixel 
electrodes formed of a transparent conductive film disposed 
on an interlayer insulating film formed by coating, the pixel 
electrodes being coupled with the Switching elements via 
contact through holes formed through the interlayer insu 
lating film, Said method comprising: 

forming the transparent conductive film on the interlayer 
insulating film in a non-heated condition and in a 
condition in which an oxygen flow rate ratio is 1% or 
Smaller; and 

annealing after forming the transparent conductive film. 
8. A method of manufacturing a liquid crystal display as 

Set forth in claim 7, wherein the annealing is performed at 
a temperature of 200-240° C. 

9. A method of manufacturing a liquid crystal display as 
Set forth in claim 7, wherein the interlayer insulating film 
formed by coating is an organic insulating film. 

10. A method of manufacturing a liquid crystal display as 
Set forth in claim 7, wherein the liquid crystal display has a 
metal film coupled with the transparent conductive film, the 
transparent conductive film is made of ITO, and the metal 
film coupled with the transparent conductive film is made of 
chromium or an alloy containing chromium as the main 
constituent. 

11. A method of manufacturing a liquid crystal display 
which has bus wires disposed on a Substrate in a grid shape, 
Switching elements coupled to the bus wires, and pixel 
electrodes formed of a transparent conductive film disposed 
on an interlayer insulating film formed by coating, the pixel 
electrodes being coupled with the Switching elements via 
contact through holes formed through a passivation film and 
the interlayer insulating film, Said method comprising: 
when forming the contact through holes formed through 

the passivation film and the interlayer insulating film, 
forming openings of the passivation film by plasma 
etching. 

12. A method of manufacturing a liquid crystal display as 
Set forth in claim 11, wherein the interlayer insulating film 
formed by coating is an organic insulating film. 

13. A method of manufacturing a liquid crystal display as 
Set forth in claim 11, wherein the liquid crystal display has 
a metal film coupled with the transparent conductive film, 
the transparent conductive film is made of ITO, and the 
metal film coupled with the transparent conductive film is 
made of chromium or an alloy containing chromium as the 
main constituent. 

14. A liquid crystal display comprising: 

a transparent Substrate; 
a plurality of parallel Scanning lines disposed on the 

transparent Substrate; 
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a plurality of parallel Signal lines which croSS the plurality 
of parallel Scanning lines, 

Switching elements coupled to the Scanning lines and the 
Signal lines, and 

pixel electrodes formed from a transparent conductive 
film disposed on an interlayer insulating film formed by 
coating, the pixel electrodes being coupled with the 
Switching elements via contact through holes formed 
through the interlayer insulating film; 

wherein the transparent conductive film formed on the 
interlayer insulating film has portions contacting a 
lower layer metal film and the interlayer insulating film 
has crystallinity at the portions contacting the lower 
layer metal film. 

15. A liquid crystal display as Set forth in claim 14, 
wherein the interlayer insulating film formed by coating is 
an organic insulating film. 

16. A liquid crystal display as Set forth in claim 14, 
wherein the transparent conductive film is made of ITO, and 
the lower layer metal film contacting the transparent con 
ductive film is made of chromium or an alloy containing 
chromium as the main constituent. 

17. A liquid crystal display comprising: 
a transparent Substrate; 
a plurality of parallel Scanning lines disposed on the 

transparent Substrate; 
a plurality of parallel Signal lines which croSS the plurality 

of parallel Scanning lines; 
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Switching elements coupled to the Scanning lines and the 
Signal lines, 

pixel electrodes formed from a transparent conductive 
film disposed on an interlayer insulating film formed by 
coating, the pixel electrodes being coupled with the 
Switching elements via contact through holes formed 
through the interlayer insulating film; and 

Signal line terminals each of which is coupled to one end 
of the respective Signal lines and comprises a Stacked 
portion of the transparent conductive film and a lower 
layer metal film and which are disposed on opposite 
sides of the substrate alternately or every plurality of 
terminals, 

wherein contact resistance between the transparent con 
ductive film and the lower layer metal film differs 
between the Signal line terminals on opposite Sides of 
the substrate by a value of 1500 S2 or smaller. 

18. A liquid crystal display as set forth in claim 17, 
wherein the interlayer insulating film formed by coating is 
an organic insulating film. 

19. A liquid crystal display as set forth in claim 17, 
wherein the transparent conductive film is made of ITO, and 
the lower layer metal film coupled with the transparent 
conductive film is made of chromium or an alloy containing 
chromium as the main constituent. 


