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(57) ABSTRACT 

A simple method for preventing oxidiZation of an aluminum 
surface of terminal electrode, increase of pressure contact 
resistance, unstability and reduction of connection reliability 
is provided. In a terminal electrode part on a reactive matrix 
substrate, for being connected to an external drive circuit, 
connecting electrodes are formed by using aluminum or an 
aluminum alloy, at least their surfaces connected to TCP are 
covered With an insulating ?lm of aluminum oxide or 
consisting of a laminate ?lm of aluminum oxide aluminum 
hydroxide, and the insulating ?lm is selectively removed in 
a step subsequent to the ?nal step in a cell formation process. 
In this Way, adverse effects of the heat treatment processes 
such as the annealing in the array formation process and the 
orientation ?lm sintering of the cell formation process and 
the oxidiZation of the connecting electrode surface in the 
Washing. 
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LIQUID CRYSTAL DISPLAY PANEL AND 
METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to liquid crystal dis 
play panels for liquid crystal displays and, more particularly, 
the structure of and method of preparing terminal or con 
necting electrodes for connecting such a display panel to an 
external drive circuit. 

[0002] Up to date, liquid crystal displays Which feature 
small thickness and light Weight, particularly active matrix 
liquid crystal displays Which have sWitching elements each 
provided for each pixel, have been extensively used. The 
extensive use of active matrix liquid crystal displays is 
attributable to their general features that they are capable of 
readily providing gradations, quickly responsive and suited 
for displaying moving images. As the sWitching element are 
used thin ?lm transistors (TFT) and MIM elements. 

[0003] FIG. 14 is a sectional vieW shoWing an active 
matrix liquid crystal display. The illustrated active matrix 
liquid crystal display comprises an active matrix substrate 1 
having sWitching elements, another substrate 2 parallel to 
and spaced apart by about 5 m from the substrate 1, and 
liquid crystal 4 ?lling a space de?ned by the substrates 1 and 
2 and a seal 3. Polarizing sheets 5 are each bonded to the 
outer surface of each of the substrates 1 and 2. 

[0004] FIG. 15 is a vieW shoWing the electric con?gura 
tion of an active matrix liquid crystal display panel using 
TFTS. The illustrated active matrix liquid crystal display 
panel using the TFTS, comprises pluralities of scan lines 12 
and signal lines 13, Which are formed in crossing relation to 
one another on a transparent substrate 11, and the TFTs 14 
provided at the intersections of the lines 12 and 13. The TFT 
4 is a three-terminal element, Which comprises a sWitching 
semiconductor layer and a gate, a source and a drain 
electrodes. Pixel electrodes 15, each connected to each TFT 
14, are provided in a matrix array. For connecting the display 
panel to an external drive circuit, scan line terminals 16 are 
provided on the leading ends (i.e., one side) of the scan lines 
12, and signal line terminals 17 are provided on the leading 
ends (i.e., one side) of the signal lines 13. The external drive 
circuit is usually electrically connected to the display panel 
by press bonding the tWo via a tape carrier package (TCP) 
and an isotropic conductive ?lm (ACF), the TCP being 
provided on the circuit side, the ACF being provided on the 
terminal surface side. 

[0005] Referring to FIG. 15, for instance, When a scan line 
Xi among the scan lines 12 is selected and activated by 
voltage pulse application, the TFTs 14 connected to this scan 
line are simultaneously turned on With a resultant increase of 
their gate voltage beyond a threshold voltage, and signal 
voltage corresponding to image data is transmitted from 
each signal line 13 through the source of each “on” TFT 14 
to the drain thereof. The signal voltage transmitted to the 
drain produces a voltage difference betWeen the pixel elec 
trode 15, Which is connected to the drain, and the opposed 
electrode 19 facing the pixel electrode 15 via the intervening 
liquid crystal layer 18, thus changing the light permeability 
thereof for image display. 

[0006] In a liquid crystal display of lateral electric ?eld 
type, the opposed electrode 19 is provided on the TFT 
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substrate side. In this display, When the selected scan line Xi 
is restored to the non-selected state so that the gate voltage 
becomes loWer than the threshold voltage, the gates of all the 
TFTs 14 connected to this scan line are turned off at a time, 
and then the next scan line Xi+1 is selected, and the gates of 
the TFTs 14 connected to this scan line are turned on, thus 
bringing about an operation like that described above. 

[0007] After the gates have been turned off, the voltage 
difference betWeen the pixel electrode 15 and the opposed 
electrode 19 is accumulated in the inter-electrode electro 
static capacitance and held in the liquid crystal layer 18 until 
the same scan line is selected and activated afresh by voltage 
pulse application. 

[0008] In the active matrix substrate Which uses amor 
phous silicon (a-Si) for the semiconductor layer and utiliZes 
TFTs or MIM elements, connecting terminals (i.e., scan line 
terminals 16 and signal line terminals 17) are provided on 
the leading ends of the scan lines and signal lines for 
connecting the display panel to the external drive circuit. In 
the case of utiliZing TFTS, the above operation is brought 
about. 

[0009] Requirements for the connecting terminals are that 
the connection resistance at the terminal part is loW and 
stable, that high reliability can be ensured against intrusion 
of Water or the like from the outside and that a press bonding 
process can be readily carried out afresh. 

[0010] By Way of example, Japanese Patent Laid-Open 
No. 60-260920 discloses a method, in a liquid crystal 
display of thermal Write type, of forming an aluminum 
hydroxide cover ?lm on heating electrodes by using alumi 
num or an alloy thereof. 

[0011] FIG. 17 shoWs the method described in the J apa 
nese Patent Laid-Open No. 60-260920. In this method, after 
formation on a transparent substrate 11 of stripe-like heating 
electrodes 171 of aluminum or an alloy thereof, the resultant 
substrate is hot Water treated in pure Water at 50 to 100 
degrees C., and then an aluminum hydroxide cover ?lm is 
formed to a thickness of 0.1 to 1 pm on the surface of the 
heating electrodes 171. In the hot Water treatment, on the 
terminal electrode Was formed the photo resist pattern and 
the aluminum hydroxide is not formed thereon. 

[0012] Japanese Patent Laid-Open No. 3-280021 discloses 
an electro-optical apparatus, Which uses aluminum or like 
corrosion-resistant metal for the terminal electrode part. 
FIG. 18 shoWs the discloses electro-optical apparatus. As 
shoWn in the Figure, on a transparent substrate 11 are formed 
a pixel electrode (not shoWn), a non-linear resistance layer 
181, an upper electrode (not shoWn) of chromium, a column 
electrode 182 a terminal electrode 184 of aluminum. 

[0013] Aluminum and its alloys is usually readily subject 
to corrosion. HoWever, even by directly forming the terminal 
electrode in this Way, relatively satisfactory reliability can be 
maintained against external Water intrusion. 

[0014] As a further example, Japanese Patent Laid-Open 
No. 8-12282 discloses a technique concerning a thin ?lm 
transistor substrate, Which has scan lines and gate electrodes 
formed by using aluminum or an alloy thereof and covered 
by an anodic oxidiZation ?lm. This technique features sat 
isfactory anodic oxidiZation ?lm boundary controllability 
With respect to the gate terminal part. FIG. 19 illustrates this 
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technique. As shown in the Figure, on a transparent substrate 
11 are formed a scan line 12, a signal line 13, a TFT 14 and 
a pixel electrode 15. The scan line 12 and the gate of the TFT 
14 are formed by using aluminum or an alloy thereof. Scan 
line terminal part 16 is formed by laminating aluminum or 
an alloy thereof, titanium or tantalum and indium tinoxide 
(ITO). The scan line 12 and gate electrode are covered by an 
anodic oxidiZation ?lm of aluminum, Which is formed by an 
anodic oxidiZation process in the presence of a titanium 
layer having been formed. 

[0015] Japanese Patent Laid-Open No. 43-232274 also 
discloses a method, Which is used for a thin ?lm transistor 
substrate using aluminum or an alloy thereof for scan lines 
and gate electrodes for covering these desired parts With an 
anodic oxidiZation ?lm. 

[0016] The prior art techniques disclosed in the Japanese 
Patent Laid-Opens No. 60-260920 and No. 3-280021, hoW 
ever, have a problem that an additional photo-lithographic 
process is necessary for the folloWing reasons. According to 
the Japanese Patent Laid-Open No. 60-260920, it is neces 
sary to carry out the hot Water process by forming a 
photo-resist pattern on the terminal electrode part. Accord 
ing to the Japanese Patent Laid-Open No. 3-280021 it is 
necessary to convert chromium loW electrodes in the termi 
nal electrode part to aluminum. 

[0017] Another problem posed in these techniques is that 
the electric connection betWeen the terminal electrode part 
and the TCP may not be obtained or result in high and 
unstable connection resistance (or forced contact resistance). 
This is so because in either technique an insulating layer 
may be formed on aluminum, as a result of possible oxi 
diZation of the aluminum surface in annealing that is carried 
out in the ?nal step of an array process or orientation ?lm 
sintering carried out in a cell formation process (due to 
highly possible exposure of the substrate at a high tempera 
ture to air for temperature reduction after the thermal pro 
cess), or possible oxidiZation or hydroxidiZation of the 
aluminum surface in Washing carried out in the cell forma 
tion process (due to highly provable rinsing With hot Water 
or steam drying the substrate after the Washing). 

[0018] A further problem is possible irregular display or 
reduction of the yield and reliability. This is so because it is 
impossible to use alkali or acid in the Washing carried out in 
the cell formation process (for the aluminum of the terminal 
electrode part is etched by alkali or acid), thus resulting in 
insuf?cient removal of alkali ions or acid ions so that the 
residual ions migrate into and remain in the liquid crystal. 

[0019] A still further problem is the generation of hillocks 
in the aluminum of the terminal electrode part, resulting in 
damages to the orientation ?lm of the element part or 
contamination of rubbing roll in rubbing carried out in the 
cell formation process. This is so because the hillocks Which 
have been generated during the annealing in the alloy 
process or the orientation ?lm sintering in the cell formation 
process, are squeeZed and to be droWn up to the element part 
and attached to the rubbing roll during the rubbing. 

[0020] The techniques disclosed in the Japanese Patent 
Laid-Opens No. 8-122822 and No. 3-232274 have a prob 
lem that an additional photo-lithographic process is neces 
sary, thus leading to a cost increase. This is so because 
according to the Japanese Patent Laid-Open No. 8-122822 
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the titanium or tantalum ?lm in the terminal electrode part 
should be patterned, and according to the Japanese Patent 
Laid-Open No. 3-232274 the aluminum scan lines in the 
terminal electrode part should be converted to chromium or 
tantalum. 

SUMMARY OF THE INVENTION 

[0021] An object of the present invention is to provide a 
liquid crystal display panel, Which can ensure loW and stable 
resistance of forced contact of the terminal electrode part 
With the TCP and high connection reliability, and requires no 
additional process, and also a method of manufacturing the 
same. 

[0022] According to a ?rst aspect of the present invention, 
there is provided a liquid crystal display panel including an 
active matrix substrate, another substrate facing the active 
matrix substrate and liquid crystal intervening betWeen the 
tWo substrates, Wherein: 

[0023] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of scan lines, a 
plurality of signal lines crossing the scan lines, 
sWitching elements provided at the intersections of 
the scan lines and signal lines, pixel electrodes 
connected to the sWitching elements and connecting 
electrodes provided on leading end portions of the 
scan lines and signal lines are formed; and 

[0024] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof. 

[0025] According to a second aspect of the present inven 
tion, there is provided a liquid crystal display panel includ 
ing an active matrix substrate, another substrate facing the 
active matrix substrate and liquid crystal intervening 
betWeen the tWo substrates, Wherein: 

[0026] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of scan lines, a 
plurality of signal lines crossing the scan lines, 
sWitching elements provided at the intersections of 
the scan lines and signal lines, pixel electrodes 
connected to the sWitching elements, opposite elec 
trodes and connecting electrodes provided on lead 
ing end portions of the scan lines and signal lines are 
formed; and 

[0027] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof. 

[0028] According to a third aspect of the present inven 
tion, there is provided a liquid crystal display panel includ 
ing an active matrix substrate, another substrate facing the 
active matrix substrate and liquid crystal intervening 
betWeen the tWo substrates, Wherein: 

[0029] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of signal lines, 
sWitching elements provided on the signal lines, 
pixel electrodes connected to the sWitching elements 
and connecting electrodes provided on leading end 
portions of the signal lines are formed; and 

[0030] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof. 
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[0031] According to a fourth aspect of the present inven 
tion, there is provided a liquid crystal display panel includ 
ing an active matrix substrate, another substrate facing the 
active matrix substrate and liquid crystal intervening 
betWeen the tWo substrates, Wherein: 

[0032] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of scan lines, a 
plurality of signal lines crossing the scan lines, 
sWitching elements provided at the intersections of 
the scan lines and signal lines, pixel electrodes 
connected to the sWitching elements and connecting 
electrodes provided on leading end portions of the 
scan lines and signal lines are formed; 

[0033] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof; and 

[0034] in an active matrix substrate area With the 
intervening liquid crystal present therein, an insulat 
ing ?lm covers the surfaces of uppermost layer scan 
lines, signal lines and electrodes of the sWitching 
elements. 

[0035] According to a ?fth aspect of the present invention, 
there is provided a liquid crystal display panel including an 
active matrix substrate, another substrate facing the active 
matrix substrate and liquid crystal intervening betWeen the 
tWo substrates, Wherein: 

[0036] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of scan lines, a 
plurality of signal lines crossing the scan lines, 
sWitching elements provided at the intersections of 
the scan lines and signal lines, pixel electrodes 
connected to the sWitching elements, opposite elec 
trodes and connecting electrodes provided on lead 
ing end portions of the scan lines and signal lines are 
formed; 

[0037] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof; and 

[0038] in an active matrix substrate area With the 
intervening liquid crystal present therein, an insulat 
ing ?lm covers the surfaces of uppermost layer scan 
lines, signal lines, electrodes of the sWitching ele 
ments and opposed electrodes. 

[0039] According to a sixth aspect of the present inven 
tion, there is provided a liquid crystal display panel includ 
ing an active matrix substrate, another substrate facing the 
active matrix substrate and liquid crystal intervening 
betWeen the tWo substrates, Wherein: 

[0040] the active matrix substrate comprises a trans 
parent substrate, on Which a plurality of signal lines, 
a plurality of sWitching elements provided at the 
plurarity of signal lines, pixel electrodes connected 
to the sWitching elements and connecting electrodes 
provided on leading end portions of the signal lines 
are formed; 

[0041] at least a connecting part of the connecting 
electrodes is formed by using aluminum or alloy 
mainly composed thereof; and 
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[0042] portions of the signal lines in an area With the 
intervening liquid crystal therein are covered by an 
insulating ?lm. 

[0043] According to the present invention, there is pro 
vided a method of manufacturing a liquid crystal panel 
including an active matrix substrate, another substrate facing 
the active matrix substrate and liquid crystal intervening 
betWeen the tWo substrates, comprising: 

[0044] an active matrix substrate preparation step of 
forming a protective insulating ?lm on connecting 
electrodes of aluminum or an alloy mainly composed 
thereof, forming the protecting insulating ?lm With 
terminal contact holes reaching the connecting elec 
trodes, and forming, in a hot Water process, an 
insulating ?lm consisting of a laminate ?lm of alu 
minum oxide and aluminum hydroxide on connect 
ing portions of the connecting electrodes; 

[0045] the insulating ?lm formed on the connecting 
portions of the connecting electrodes being selec 
tively removed in a step subsequent to the ?nal step 
in a subsequent liquid crystal display panel manu 
facturing process. 

[0046] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a liquid 
crystal panel including an active matrix substrate, another 
substrate facing the active matrix substrate and liquid crystal 
intervening betWeen the tWo substrates, comprising: 

[0047] an active matrix substrate preparation step of 
forming connecting electrodes of aluminum or an 
alloy mainly composed thereof, forming, in an 
anodic oxidiZation or hot Water process, an insulat 
ing ?lm of aluminum oxide or consisting of a lami 
nate ?lm of aluminum oxide and aluminum hydrox 
ide, forming a protective insulating ?lm on the 
connecting electrodes, and forming the protective 
insulating ?lm With terminal contact holes reaching 
the insulating ?lm formed on the connecting elec 
trodes; 

[0048] the insulating ?lm formed on the connecting 
portions of the connecting electrodes being selec 
tively removed in a step subsequent to the ?nal step 
in a subsequent liquid crystal display panel manu 
facturing process. 

[0049] According to other aspect of the present invention, 
there is provided a method of manufacturing a liquid crystal 
panel including an active matrix substrate, another substrate 
facing the active matrix substrate and liquid crystal inter 
vening betWeen the tWo substrates, comprising: 

[0050] an active matrix substrate preparation step of 
forming connecting electrodes of aluminum of an 
alloy mainly composed thereof, and forming, by an 
anodic oxidiZation or hot Water process, an insulat 
ing ?lm of aluminum oxide or an insulating ?lm 
consisting of a laminate ?lm of aluminum oxide and 
aluminum hydroxide on the connecting electrodes; 

[0051] the insulating ?lm formed on the connecting 
portions of the connecting electrodes being selec 
tively removed in a step subsequent to the ?nal step 
in a subsequent liquid crystal panel manufacturing 
step. 
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[0052] According to further aspect of the present inven 
tion, there is provided a method of liquid crystal display 
comprising: 

[0053] forming a terminal electrode part on an active 
matrix substrate of the liquid crystal display con 
nected to an external drive circuit by using aluminum 
or an aluminum alloy, at least their surfaces con 
nected to TCP are covered With an insulating ?lm of 
aluminum oxide or consisting of a laminate ?lm of 
aluminum oxide aluminum hydroxide; and 

[0054] selectively removing the insulating ?lm in a 
step subsequent to the ?nal step in a subsequent 
liquid crystal panel manufacturing step. 

[0055] According to still further aspect of the present 
invention, there is provided a method of manufacturing of a 
liquid crystal display panel comprising steps of: 

[0056] forming terminal electrodes by selectively 
forming a ?rst metal ?lm on a transparent substrate; 

[0057] forming an inter-layer insulating ?lm With a 
terminal contact hole reaching the ?rst metal ?lm; 

[0058] selectively forming a second metal ?lm, 
Which is a single-layer ?lm of aluminum or an alloy 
thereof or a laminate ?lm including an uppermost 
layer of aluminum or an alloy thereof, in the terminal 
contact hole; and 

[0059] forming a protective insulating ?lm With a 
terminal contact hole. 

[0060] According to other aspect of the present invention, 
there is provided a method of manufacturing of a liquid 
crystal display panel comprising steps of: 

[0061] forming terminal electrode by selectively 
forming a ?rst metal ?lm on a transparent substrate; 

[0062] forming an inter-layer insulating ?lm With a 
terminal contact hole reaching the ?rst metal ?lm; 

[0063] selectively forming a second metal ?lm Which 
is a single-layer ?lm of aluminum or an alloy thereof 
or a laminate ?lm including an uppermost layer of 
aluminum or an alloy thereof and an insulating ?lm 
Which is an aluminum oxide ?lm or a laminate ?lm 
of aluminum oxide and aluminum hydroxide thereon 
in the terminal contact hole, and 

[0064] forming a protective insulating ?lm and an 
insulating ?lm With a terminal contact hole reaching 
the second metal ?lm. 

[0065] According to still other aspect of the present inven 
tion, there is provided a method of manufacturing of a liquid 
crystal display panel comprising steps of: 

[0066] forming terminal electrodes by selectively 
forming a ?rst metal ?lm on a transparent substrate; 

[0067] forming an inter-layer insulating ?lm With a 
terminal contact hole reaching the ?rst metal ?lm; 
and 

[0068] selectively forming a second metal ?lm, 
Which is a single-layer ?lm of aluminum or an alloy 
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thereof or a laminate ?lm including an uppermost 
layer of aluminum or an alloy thereof, in the terminal 
contact hole, 

[0069] forming an insulating ?lm, Which is an alu 
minum oxide ?lm or a laminate ?lm of aluminum 
oxide and aluminum hydroxide, to cover the surfaces 
of uppermost layer lead lines and electrodes. 

[0070] In the liquid crystal display panel according to the 
present invention, the surfaces of connection terminals of 
aluminum or an alloy thereof, Which are to be connected to 
the TCP, are once covered With an insulating ?lm of alumi 
num oxide or forming by laminating aluminum oxide and 
aluminum hydroxide, and this insulating ?lm is selectively 
etched off in the ?nal step of the cell formation process, thus 
dispensing With any additional photo-lithographic process, 
ensuring reliable electric connection of the terminal elec 
trode part to the TCP and improving the reliability of the 
electric connection. 

[0071] Other objects and features Will be clari?ed from the 
folloWing description With reference to attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0072] FIGS. 1(a) and 1(b) are a sectional vieW in a short 
side direction and a plan vieW shoWing the terminal elec 
trode of active matrix substrate of liquid crystal display 
panel according to a ?rst embodiment; 

[0073] FIGS. 2(a) and 2(b) are a sectional vieW in a short 
side direction and a plan vieW shoWing the terminal elec 
trode of active matrix substrate of liquid crystal display 
panel according to a second embodiment; 

[0074] FIGS. 3(a) and 3(b) are a sectional vieW in short 
side direction and a plan vieW shoWing the terminal elec 
trode of active matrix substrate of liquid crystal display 
panel according to the second embodiment; 

[0075] FIGS. 4(a) and 4(b) are a sectional vieW in a short 
side direction and a plan vieW shoWing the terminal elec 
trode of active matrix substrate of liquid crystal display 
panel according to a third embodiment; 

[0076] FIGS. 5(a) and 5(b) are a sectional and a plan vieW 
shoWing a sWitching element (TFT) in one-pixel part of the 
liquid crystal display panel according the third embodiment; 

[0077] FIGS. 6(a) and 6(b) are a sectional in short side 
direction and a plan vieW shoWing the active matrix sub 
strate of liquid crystal display panel according to the third 
embodiment; 

[0078] FIGS. 7(a) and 7(b) are a sectional vieW and a plan 
vieW shoWing a sWitching element (TFT) part in a one-pixel 
part of the active matrix substrate of the liquid crystal 
display panel; 

[0079] FIGS. 8(a) and 8(b) are a sectional vieW in short 
side direction and a plan vieW shoWing a further modi?ca 
tion of the terminal electrode part of the liquid crystal 
display panel according to the third embodiment; 

[0080] FIGS. 9(a) and 9(b) are a sectional vieW and a pan 
vieW shoWing a still further modi?cation of the sWitching 
element (MIM) part of a one-pixel part of the active matrix 
substrate according to the third embodiment; 
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[0081] FIGS. 10(a), 10(b) and 10(c) are sectional views 
and a plan vieW showing the switching element (MIM) of an 
active matrix substrate, Which is formed in the application of 
Embodiments 1 and 2 to a liquid crystal display panel of 
longitudinal electric ?eld type; 

[0082] FIGS. 11(a), 11(b) and 11(c) are sectional vieWs 
and a plan vieW shoWing the sWitching element (MIM) of an 
active matrix substrate, Which is formed in the application of 
Embodiments 1 and 2 to a liquid crystal display panel of 
transversal electric ?eld type; 

[0083] FIGS. 12(a), 12(b) and 12(c) are sectional vieWs 
and a plan vieW shoWing other modi?cation of the sWitching 
element (MIM) of an active matrix substrate according to 
the second embodiment; 

[0084] FIGS. 13(a) to 13(b) are draWings shoWing a 
method of manufacturing of the third embodiment shoWn in 
FIGS. 4 and 5; 

[0085] FIG. 14 is a sectional vieW shoWing the liquid 
crystal display panel; 

[0086] FIG. 15 is a vieW shoWing the electric con?gura 
tion of an active matrix liquid crystal display panel using 
TFTs; 

[0087] FIGS. 16(a) and 16(b) shoW the initial forced 
contact resistance and the forced contact resistance after a 
high temperature, high relative humidity preservation test 
conducted under conditions of 60 degrees C. and 90%; 

[0088] FIG. 17 is a sectional vieW of the substrate of 
thermal Write type of liquid crystal display disclosed in 
Japanese Patent Laid-Open No. 60-260920; 

[0089] FIG. 18 is a sectional vieW of the active matrix 
substrate of electro-optical apparatus of active matrix type 
disclosed in Japanese Patent Laid-Open No. 3-280021; and 

[0090] FIG. 19 is a sectional vieW of the thin ?lm tran 
sistor array substrate disclosed in Japanese Patent Laid 
Open No. 8-122822. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0091] Preferred embodiments of the present invention 
Will noW be described With reference to the draWings. 

[0092] (Mode 1) 
[0093] FIG. 1(a) is a sectional vieW taken along line I-I‘ 
in FIG. 1(b), i.e., in a short side direction, shoWing a 
terminal electrode part of a liquid crystal display panel 
concerning Mode 1 of the present invention. FIG. 1(b) is a 
plan vieW shoWing the same liquid crystal display panel. 

[0094] Referring to these Figures, in the liquid crystal 
display panel concerning Mode 1 of the present invention, 
terminal electrodes are each formed by selectively forming 
a metal ?lm 21 on a transparent substrate 11, forming an 
inter-layer insulating ?lm 22 With a terminal contact hole 25 
reaching the metal ?lm 21, selectively forming a metal ?lm 
23 in the terminal contact hole 25, and forming a protective 
insulating ?lm 24 With a terminal contact hole 26. The metal 
?lm 23 is a single-layer ?lm of aluminum or an alloy thereof 
or a laminate ?lm including an uppermost layer of aluminum 
or an alloy thereof. 
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[0095] With the liquid crystal display panel concerning 
Mode 1 of the present invention as shoWn in FIGS. 1(a) and 
1(b), the insulating ?lm of aluminum oxide or aluminum 
hydroxide may be formed on and removed from the terminal 
electrode part Without need of any photo-mask, and it is thus 
possible to reduce the number of steps. 

[0096] (Mode 2) 
[0097] FIG. 2(a) is a sectional vieW taken along line I-I‘ 
in FIG. 2(b), i.e., in a short side direction, shoWing a 
terminal electrode part of a liquid crystal display panel in 
Mode 2 of the present invention. FIG. 2(b) is a plan vieW 
shoWing the same liquid crystal display panel. 
[0098] Referring to these Figures, in the liquid crystal 
display panel concerning Mode 1 of the present invention, 
terminal electrode are each formed by selectively forming a 
metal ?lm 21 on a transparent substrate 11, forming an 
inter-layer insulating ?lm 22 With a terminal contact hole 25 
reaching the metal ?lm 21, selectively forming a metal ?lm 
23 and an insulating ?lm 31 thereon in the terminal contact 
hole 25, and forming a protective insulating ?lm 24 and an 
insulating ?lm 32 With a terminal contact hole 26 reaching 
the metal ?lm 23. The metal ?lm 23 is a single-layer ?lm of 
aluminum or an alloy thereof or a laminate ?lm including an 
uppermost layer of aluminum or an alloy thereof. The 
insulating ?lm 31 is an aluminum oxide ?lm or a laminate 
?lm of aluminum oxide and aluminum hydroxide. 

[0099] In the above Modes 1 and 2 the metal ?lm 21 is 
provided, but it is possible to dispense With the metal ?lm 21 
and form the terminal electrodes With the sole metal ?lm 23. 

[0100] (Mode 3) 
[0101] FIGS. 4(a), 4(b), 5(a) and 5(b) shoW a liquid 
crystal display panel concerning Mode 3 of the present 
invention. FIG. 4(a) is a sectional vieW taken along line I-I‘ 
in FIG. 4(b), i.e., in a short side direction, shoWing a 
terminal electrode part of the liquid crystal display panel 
concerning Mode 3 of the present invention. FIG. 4(b) is a 
plan vieW shoWing the same liquid crystal display panel. 
FIG. 5(a) is a sectional vieW taken along line I-I‘ in FIG. 
5(b) shoWing a sWitching element (TFT) in one-pixel part of 
the liquid crystal display panel concerning Mode 3 of the 
present invention. FIG. 5(b) is a plan vieW shoWing the 
same liquid crystal display panel. 
[0102] Referring to these Figures, in the liquid crystal 
display panel concerning Mode 3 of the present invention, 
terminal electrodes are each formed by selectively forming 
a metal ?lm 21 on a transparent substrate 11, forming an 
inter-layer insulating ?lm 22 With a terminal contact hole 25 
reaching the metal ?lm 21, and selectively forming metal 
?lm 23 in the terminal contact hole 25. 

[0103] The metal ?lm 23 is a single-layer ?lm of alumi 
num or an alloy thereof or a laminate ?lm including an 
uppermost layer of aluminum or an alloy thereof. In an 
active matrix substrate area in Which the intervening liquid 
crystal is present, an insulating ?lm 31 is formed to cover the 
surfaces of uppermost layer lead lines and electrodes. The 
insulating ?lm 31 is an aluminum oxide ?lm or a laminate 
?lm of aluminum oxide and aluminum hydroxide. 

[0104] (Embodiment 1) 
[0105] A speci?c example of the liquid crystal display 
panel concerning Mode 1 of the present invention Will noW 
be described as Embodiment 1. 
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[0106] FIGS. 1(a) and 1(b) show Embodiment 1 of the 
liquid crystal display panel according to the present inven 
tion. The display panel comprises an active matrix substrate 
1, another substrate 2 facing the substrate 1, and liquid 
crystal 4 intervening betWeen the substrates 1 and 2. The 
active matrix substrate 1 has TFTs as sWitching elements. 
This structure is the same as the structure of the liquid 
crystal display panel shoWn in FIG. 14. 

[0107] Referring to FIGS. 1(a) and 1(b), in Embodiment 1 
the liquid crystal display panel according to the present 
invention, terminal electrodes are each formed by selec 
tively forming a metal ?lm 21 of an aluminum/neodymium 
alloy about 200 nm thick on a transparent substrate 11 about 
0.7 mm thick of glass, forming an inter-layer insulating ?lm 
(i.e., gate insulating ?lm) 22, Which consists of a laminate 
layer a loW-temperature silicon oxide layer about 150 nm 
thick formed by sputtering and a loW-temperature silicon 
nitride about 350 nm thick formed by plasma chemical gas 
phase groWth, With a terminal contact hole 25 reaching the 
metal ?lm 21, selectively forming a metal ?lm 23, Which 
consists of a laminate layer of a molybdenum layer about 50 
nm thick and an aluminum/niodium alloy layer about 200 
nm thick, in the terminal contact hole 25, and forming a 
protective insulating ?lm 24 of loW-temperature silicon 
nitride about 200 nm thick, for instance formed by plasma 
chemical gas phase groWth, With terminal contact hole 26 
reaching the metal ?lm 23. 

[0108] (Embodiment 2) 
[0109] Referring to FIGS. 2(a) and 2(b), in Embodiment 2 
the liquid crystal display panel according to the present 
invention, terminal electrodes are each formed by selec 
tively forming a metal ?lm 21 of an aluminum/neodymium 
alloy about 200 nm thick on a transparent substrate 11 about 
0.7 mm thick of glass, forming an inter-layer insulating ?lm 
(i.e., gate insulating ?lm) 22, Which consists of a laminate 
layer a loW-temperature silicon oxide layer about 150 nm 
thick formed by sputtering and a loW-temperature silicon 
nitride about 350 nm thick formed by plasma chemical gas 
phase groWth, With a terminal contact hole 25 reaching the 
metal ?lm 21, selectively forming a metal ?lm 23, Which 
consists of a laminate layer of a molybdenum layer about 50 
nm thick and an aluminum/niodium alloy layer about 200 
nm thick, and an insulating ?lm 31 about 200 nm thick of 
tantalum oxide and aluminum oxide in the terminal contact 
hole 25, and forming the insulating ?lm 31 on the metal ?lm 
23 and a protective insulating ?lm 24 about 200 nm thick of 
loW-temperature silicon nitride, for instance formed by 
plasma chemical gas phase groWth, With a terminal contact 
hole 26 reaching the metal ?lm 23. 

[0110] Embodiments 1 and 2 shoWn in FIGS. 1(a) and 1(b) 
and 2(a) and 2(b), are examples of terminal electrode on an 
active matrix substrate, Which uses TFTs of an inverse 
stagger structure as sWitching elements. In these examples, 
the scan line terminals 16 connect the scan lines 12 on the 
transparent substrate 11 directly to the metal ?lm 21, and the 
signal line terminals 17 connect the signal lines 3 on the 
inter-layer insulating ?lm (i.e., gate insulating ?lm) 22 to the 
metal ?lm 21 via separate contact holes (not shoWn). 

[0111] FIGS. 10(a) to 10(c) shoW a one-pixel part of an 
active matrix substrate, Which is formed in the application of 
Embodiments 1 and 2 shoWn in FIGS. 1(a), 1(b), and 2(a), 
2(b) according to the present invention to a liquid crystal 
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display panel of longitudinal electric ?eld type. FIG. 10(a) 
is a sectional vieW taken along line I-I‘ in FIG. 10(c), 
shoWing the one-pixel part of the active matrix substrate in 
the application of Embodiment 1 shoWn in FIGS. 1(a) and 
1(b). FIG. 10(b) is a sectional vieW taken along line I-I‘ in 
FIG. 10(c), shoWing the one-pixel part of the active matrix 
substrate in the application of Embodiment 2 shoWn in 
FIGS. 2(a) and 2(B). FIGS. 10(a) to 10(c) shoW an example 
of channel etch type TFT. 

[0112] Referring to FIGS. 10(a) and 10(b), a TFT 14 of 
bottom gate type is shoWn, Which is formed on a transparent 
substrate 11 having 0.7 nm thick of glass and comprises, 
from the loWer layer side, a gate electrode 56 about 200 nm 
thick from aluminum/niodium alloy, an inter-layer insulat 
ing ?lm (gate insulating ?lm) 22 formed as a lamination of 
a ?rst gate insulating ?lm 101 having 159 nm thick of 
loW-temperature silicon oxide formed by sputtering and a 
second gate insulating ?lm 102 about 350 nm thick of 
loW-temperature silicon nitride formed by plasma chemical 
gas phase groW, an island semiconductor layer 54 having 
350 nm thick of amorphous silicon facing the gate electrode 
56 via the inter-layer insulating ?lm 22, a source and a drain 
electrode 52 and 53 formed in opposite side spaced-apart 
portions of the island semiconductor layer 54 as a laminate 
?lm consisting of a molybdenum ?lm (Embodiment 1) or a 
tantalum nitride ?lm (Embodiment 2) about 50 nm and an 
aluminum/neodymium alloy ?lm about 20 nm thick. 

[0113] The gate electrode 56 is connected to a scan line 12 
also about 200 nm thick of aluminum/neodymium alloy. The 
source electrode 52 is connected to a signal line 13 also 
formed as a laminate ?lm consisting of a molybdenum ?lm 
(Embodiment 1) or a tantalum nitride ?lm (Embodiment 2) 
about 50 nm thick and an aluminum/neodymium alloy ?lm 
about 200 nm thick. The drain electrode 53 is connected to 
a pixel electrode 15 about 100 nm of ITO. 

[0114] In Embodiment 2 shoWn in FIG. 10(b), an insu 
lating ?lm about 200 nm thick of tantalum oxide and 
aluminum oxide, covers the source and drain electrodes 52 
and 53 and the signal line 13. A semiconductor layer 54 is 
formed as a laminate ?lm consisting of a ?rst semiconductor 
thin ?lm 103 about 300 nm thick of amorphous silicon not 
doped With any impurity and an n-type second semiconduc 
tor thin ?lm 104 about 50 nm thick of amorphous silicon not 
doped With phosphorus. The second semiconductor thin ?lm 
104 is formed as separate portions on on the source and drain 
electrodes 52 and 53. 

[0115] FIGS. 11(a) and 11(b) shoW a one-pixel part of an 
active matrix substrate, Which is formed in applications of 
Embodiments 1 and 2 shoWn in FIGS. 1(a), 1(b) and 2(a), 
2(b) to a liquid crystal display panel of a transversal electric 
?eld type. FIG. 11(a) is a sectional vieW taken along line I-I‘ 
in FIG. 11(c), shoWing the one-pixel part of the active 
matrix substrate in the application of Embodiment shoWn in 
FIGS. 1(a) and 1(b) to the liquid crystal display panel of 
transversal electric ?eld type. FIG. 11(b)is a sectional vieW 
taken along line I-I‘ shoWn in FIG. 11(c), shoWing the 
one-pixel part of the active matrix substrate in the applica 
tion of Embodiment 2 shoWn in FIGS. 2(a) and 2(b) to the 
liquid crystal display panel of transversal electric ?eld type. 

[0116] In the liquid crystal display panels of longitudinal 
electric ?eld type shoWn in FIGS. 10(a) and 10(b) the 
opposed electrode is formed on the other substrate side, 


















