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(57) ABSTRACT 
The transmission type liquid crystal display device of this 
invention includes: gate lines, Source lines, and Switching 
elements each arranged near a crossing of each gate line and 
each Source line, a gate electrode of each Switching element 
being connected to the gate line, a Source electrode of the 
Switching element being connected to the Source line, and a 
drain electrode of the Switching element being connected to 
a pixel electrode for applying a Voltage to a liquid crystal 
layer, wherein an interlayer insulating film formed of an 
organic film with high transparency is provided above the 
Switching element, the gate line, and the Source line, and 
wherein the pixel electrode formed of a transparent conduc 
tive film is provided on the interlayer insulating film. 
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TRANSMISSION TYPE LIQUID CRYSTAL 
DISPLAY HAVING AN ORGANIC INTERLAYER 

ELEMENTS FILM BETWEEN PXEL 
ELECTRODES AND SWITCHING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a transmission type 
liquid crystal display device which includes Switching ele 
ments Such as thin film transistors (hereinafter, referred to as 
“TFTs”) as addressing elements and is used for displays of 
computers, TV sets, and the like, and a method for fabri 
cating Such a transmission type liquid crystal display device. 
0003 2. Description of the Related Art 
0004 FIG. 16 is a circuit diagram of a conventional 
transmission type liquid crystal display device provided with 
an active matrix Substrate. 

0005 Referring to FIG. 16, the active matrix substrate 
includes a plurality of pixel electrodes 1 arranged in a matrix 
and TFTS 2 used as Switching elements connected to the 
respective pixel electrodes 1. Gate electrodes of the TFTs 2 
are connected to gate lines 3 for Supplying a Scanning (gate) 
Signal, So that the gate signal can be input into the gate 
electrodes to control the driving of the TFTs 2. Source 
electrodes of the TFTS 2 are connected to Source lines 4 for 
Supplying an image (data) signal, So that the data Signal can 
be input into the corresponding pixel electrodes 1 via the 
TFTS when the TFTs are being driven. The gate lines 3 and 
the Source lines 4 run adjacent to the pixel electrodes 1 and 
are arranged in a matrix to croSS each other. Drain electrodes 
of the TFTS 2 are connected to the respective pixel elec 
trodes 1 and Storage capacitorS 5. Counter electrodes of the 
Storage capacitors 5 are connected to common lines 6. The 
Storage capacitor 5 is used for holding a Voltage applied to 
a liquid crystal layer. The Storage capacitor is provided in 
parallel to a liquid crystal capacitor which includes the 
liquid crystal layer Sandwiched between a pixel electrode 
provided on an active matrix Substrate and a counter elec 
trode provided on a counter Substrate. 
0006 FIG. 17 is a sectional view of a one-TFT portion of 
the active matrix Substrate of the conventional liquid crystal 
display device. 
0007 Referring to FIG. 17, a gate electrode 12 con 
nected to the gate line 3 shown in FIG. 16 is formed on a 
transparent insulating Substrate 11. Agate insulating film 13 
is formed covering the gate electrode 12. A Semiconductor 
layer 14 is formed on the gate insulating film 13 So as to 
overlap the gate electrode 12 via the gate insulating film 13, 
and a channel protection layer 15 is formed on the center of 
the Semiconductor layer 14. n-Silayers as a Source elec 
trode 16a and a drain electrode 16b are formed covering the 
end portions of the channel protection layer 15 and portions 
of the Semiconductor layer 14, So that they are separated 
from each other at the top of the channel protection layer 15. 
A metal layer 17a which is to be the source line 4 shown in 
FIG. 16 is formed to overlap the source electrode 16a as one 
of the n-Silayers. A metal layer 17b is formed to overlap 
the drain electrode 16b as the other n'-Si layer so as to 
connect the drain electrode 16b and the pixel electrode 1. An 
interlayer insulating film 18 is formed covering the TFT 2, 
the gate line 3, and the Source line 4. 
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0008. A transparent conductive film is formed on the 
interlayer insulating film 18 to constitute the pixel electrode 
1. The transparent conductive film is connected to the metal 
layer 17b which is in contact with the drain electrode 16b of 
the TFT2 via a contact hole 19 formed through the interlayer 
insulating film 18. 

0009 Thus, since the interlayer insulating film 18 is 
formed between the pixel electrode 1 and the underlying 
layers including the gate and Source lines 3 and 4, it is 
possible to overlap the pixel electrode 1 with the lines 3 and 
4. Such a structure is disclosed in Japanese Laid-Open 
Patent Publication No. 58-172685, for example. With this 
Structure, the aperture ratio improves and, Since the electric 
field generated by the lines 3 and 4 is shielded, the occur 
rence of disclination can be minimized. 

0010 Conventionally, the interlayer insulating film 18 is 
formed by depositing an inorganic material Such as Silicon 
nitride (SiN) to a thickness of about 500 nm by chemical 
vapor deposition (CVD). 
0011. The above conventional liquid crystal display 
device has disadvantages as follows. 
0012. When a transparent insulating film made of SiN., 
SiO2, TaO, and the like is formed on the interlayer insu 
lating film 18 by CVD or sputtering, the surface of the film 
directly reflects the Surface profile of the underlying film, 
i.e., the interlayer insulating film 18. Therefore, when the 
pixel electrode 1 is formed on the transparent insulating film, 
steps will be formed on the pixel electrode 1 if the under 
lying film has Steps, causing disturbance in the orientation of 
liquid crystal molecules. Alternatively, the interlayer insu 
lating film 18 may be formed by applying an organic 
material Such as polyimide to obtain a flat pixel portion. In 
Such a case, however, in order to form the contact holes for 
electrically connecting the pixel electrodes and the drain 
electrodes, a Series of Steps including photo-patterning using 
a photoresist as a mask, etching for forming the contact 
holes, and removal of the photoresist are required. A pho 
toSensitive polyimide film may be used to shorten the 
etching and removal Steps. In this case, however, the result 
ant interlayer insulating film 18 appears colored. This is not 
Suitable for a liquid crystal display device requiring high 
light transmission and transparency. 

0013 The other disadvantage is as follows. When the 
pixel electrode 1 overlaps the gate line 3 and the Source line 
4 via the interlayer insulating film 18, the capacitances 
between the pixel electrode 1 and the gate line 3 and 
between the pixel electrode 1 and the Source line 4 increase. 
In particular, when an inorganic film made of Silicon nitride 
and the like is used as the interlayer insulating film 18, the 
dielectric constant of Such a material is as high as 8 and, 
since the film is formed by CVD, the thickness of the 
resultant film is as Small as about 500 nm. With Such a thin 
interlayer insulating film, the capacitances between the pixel 
electrode 1 and the lines 3 and 4 are large. This causes the 
following problems (1) and (2). Incidentally, in order to 
obtain a thicker inorganic film made of Silicon nitride and 
the like, an undesirably long time is required in the aspect of 
the fabrication process. 

0014 (1) When the pixel electrode 1 overlaps the source 
line 4, the capacitance between the pixel electrode 1 and the 
Source line 4 becomes large. This increases the Signal 
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transmittance, and thus a data Signal held in the pixel 
electrode 1 during a holding period fluctuates depending on 
the potential thereof. As a result, the effective Voltage 
applied to the liquid crystal in the pixel varies, causing, in 
particular, Vertical crosstalk toward a pixel adjacent in the 
Vertical direction in the actual display. 
0.015. In order to reduce the influence of the capacitance 
between the pixel electrode 1 and the Source line 4 appearing 
on the display, Japanese Laid-Open Patent Publication No. 
6-230422 proposes a driving method where the polarity of a 
data Signal to be Supplied to the pixels is inverted every 
Source line. This driving method is effective for a black 
and-white display panel where the displays (i.e., data Sig 
nals) of adjacent pixels are highly correlated with each other. 
However, it is not effective for a color display panel for 
normal notebook type personal computers and the like 
where pixel electrodes are arranged in a vertical Stripe shape 
(in color display, a Square pixel is divided into three verti 
cally long rectangular picture elements representing R, G, 
and B, forming a vertical Stripe shape). The display color of 
pixels connected to one Source line is different from that of 
pixels connected to an adjacent Source line. Accordingly, the 
proposed driving method of inverting the polarity of the data 
Signal every Source line is not effective in reducing crosstalk 
for the general color display, though it is effective for the 
black-and-white display. 
0016 (2) When the pixel electrode 1 overlaps the gate 
line 3 for driving the pixel, the capacitance between the pixel 
electrode 1 and the gate line 3 becomes large, increasing the 
feedthrough of the write voltage to the pixel due to a 
Switching signal for controlling the TFT 2. 

SUMMARY OF THE INVENTION 

0.017. The transmission type liquid crystal display device 
of this invention includes: gate lines, Source lines, and 
Switching elements each arranged near a crossing of each 
gate line and each Source line. A gate electrode of each 
Switching element is connected to the gate line, a Source 
electrode of the Switching element is connected to the Source 
line, and a drain electrode of the Switching element is 
connected to a pixel electrode for applying a Voltage to a 
liquid crystal layer, wherein an interlayer insulating film 
formed of an organic film with high transparency is provided 
above the Switching element, the gate line, and the Source 
line. The pixel electrode, formed of a transparent conductive 
film, is provided on the interlayer insulating film. 

0.018. In one embodiment of the invention, the device 
further includes a connecting electrode for connecting the 
pixel electrode and the drain electrode, wherein the inter 
layer insulating film is provided above the Switching ele 
ment, the gate line, the Source line, and the connecting 
electrode. The pixel electrode is formed on the interlayer 
insulating film So as to overlap at least the gate line or the 
Source line at least partially, and the connecting electrode 
and the pixel electrode are connected with each other via a 
contact hole formed through the interlayer insulating film. 
0019. In one embodiment of the invention, the interlayer 
insulating film is made of a photoSensitive acrylic resin. 

0020. In one embodiment of the invention, the interlayer 
insulating film is made of a resin which is made transparent 
by optical or chemical decoloring treatment. 
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0021. In one embodiment of the invention, the pixel 
electrode and at least one of the Source line and the gate line 
overlap each other by 1 um or more in a line width direction. 
0022. In one embodiment of the invention, the thickness 
of the interlayer insulating film is 1.5 um or more. 

0023. In one embodiment of the invention, the connect 
ing electrode is formed of a transparent conductive film. 

0024. In one embodiment of the invention, the device 
further includes a Storage capacitor for holding a Voltage 
applied to the liquid crystal layer, wherein the contact hole 
is formed above either an electrode of the Storage capacitor 
or the gate line. 

0025. In one embodiment of the invention, a metal nitride 
layer is formed below the contact hole to connect the 
connecting electrode and the pixel electrode. 

0026. In one embodiment of the invention, the device 
further includes a Storage capacitor for holding a Voltage 
applied to the liquid crystal layer, wherein a capacitance 
ratio represented by expression (1): 
0027 Capacitance ratio=C/(C+C+C) (1) 
0028) is 10% or less, wherein C. denotes a capacitance 
value between the pixel electrode and the Source line, C. 
denotes a capacitance value of a liquid crystal portion 
corresponding to each pixel in an intermediate display State, 
and C denotes a capacitance value of the Storage capacitor 
of each pixel. 

0029. In one embodiment of the invention, the shape of 
the pixel electrode is rectangular with a Side parallel to the 
gate line being longer than a Side parallel to the Source line. 

0030. In one embodiment of the invention, the device 
further includes a driving circuit for Supplying to the Source 
line a data Signal of which polarity is inverted for every 
horizontal Scanning period, and the data Signal is Supplied to 
the pixel electrode Via the Switching element. 

0031. In one embodiment of the invention, the device 
further includes a Storage capacitor for maintaining a Voltage 
applied to the liquid crystal layer, the Storage capacitor 
including: a storage capacitor electrode; a Storage capacitor 
counter electrode, and an insulating film therebetween; 
wherein the Storage capacitor electrode is formed in the 
Same layer as either the Source line or the connecting 
electrode. 

0032. In one embodiment of the invention, the storage 
capacitor counter electrode is formed of a part of the gate 
line. 

0033. In one embodiment of the invention, the pixel 
electrode and the Storage capacitor electrode are connected 
via the contact hole formed above the Storage capacitor 
electrode. 

0034. In one embodiment of the invention, the contact 
hole is formed above either the Storage capacitor counter 
electrode or the gate line. 

0035) In one embodiment of the invention, the interlayer 
insulating film is formed of a photoSensitive resin containing 
a photoSensitive agent which has a reactive peak at the i line 
(365 nm). 
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0036). According to another aspect of the invention, a 
method for fabricating a transmission type liquid crystal 
display device is provided. The method includes the steps of: 
forming a plurality of Switching elements in a matrix on a 
Substrate; forming a gate line connected to a gate electrode 
of each Switching element and a Source line connected to a 
Source electrode of the Switching element, the gate line and 
the Source line crossing each other; and forming a connect 
ing electrode formed of a transparent conductive film con 
nected to a Source electrode of the Switching element. The 
method further includes forming an organic film with high 
transparency above the Switching elements, the gate lines, 
the Source lines, and the connecting lines by a coating 
method and patterning the organic film to form an interlayer 
insulating film and contact holes through the interlayer 
insulating film to reach the connecting electrodes. The 
method also includes the Step of forming pixel electrodes 
formed of transparent conductive films on the interlayer 
insulating film and inside the contact holes So that each pixel 
electrode overlaps at least either the gate line or the Source 
line at least partially. 
0037. In one embodiment of the invention, the patterning 
of the organic film is conducted by either one of the 
following Steps: exposing the organic film to light and 
developing the exposed organic film, or etching the organic 
film by using a photoresist on the organic film as an etching 
mask. 

0.038. In one embodiment of the invention, the patterning 
of the organic film includes the Steps of: forming a photo 
resist layer containing Silicon on the organic film; patterning 
the photoresist layer; and etching the organic film by using 
the patterned photoresist layer as an etching mask. 
0039. In one embodiment of the invention, the patterning 
of the organic film includes the Steps of: forming a photo 
resist layer on the organic film; coating a Silane coupling 
agent on the photoresist layer and oxidizing the coupling 
agent, patterning the photoresist layer, and etching the 
organic film by using the patterned photoresist layer covered 
with the oxidized coupling agent as an etching mask. 
0040. In one embodiment of the invention, the etching 
Step is a step of dry etching using an etching gas containing 
at least one of CF, CFH and SF 
0041. In one embodiment of the invention, the organic 
film is formed by using a photoSensitive transparent acrylic 
resin which dissolves in a developing Solution when exposed 
to light, and the interlayer insulating film and the contact 
holes are formed by exposing the photosensitive transparent 
acrylic resin to light and developing the photoSensitive 
transparent acrylic resin. 

0042. In one embodiment of the invention, the method 
further includes the Step of, after the light exposure and 
development of the organic film, exposing the entire Sub 
Strate to light for reacting a photoSensitive agent contained 
in the photoSensitive transparent acrylic resin, thereby 
decoloring the photoSensitive transparent acrylic resin. 

0043. In one embodiment of the invention, a base poly 
mer of the photoSensitive transparent acrylic resin includes 
a copolymer having methacrylic acid and glycidyl meth 
acrylate and the photosensitive transparent acrylic resin 
contains a quinonediazide positive-type photoSensitive 
agent. 
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0044) In one embodiment of the invention, the photosen 
Sitive transparent acrylic resin for forming the interlayer 
insulating film has a light transmittance of 90% or more for 
light with a wavelength in the range of about 400 nm to 
about 800 nm. 

0045. In one embodiment of the invention, the organic 
film has a thickness of about 1.5 um or more. 
0046. In one embodiment of the invention, the method 
further includes the step of, before the formation of the 
organic film, irradiating with ultraViolet light a Surface of the 
substrate where the organic film is to be formed. 
0047. In one embodiment of the invention, the method 
further includes the step of, before the formation of the 
organic film, applying a silane coupling agent on a Surface 
of the substrate where the organic film is to be formed. 
0048. In one embodiment of the invention, the material 
for forming the organic film contains a Silane coupling 
agent. 

0049. In one embodiment of the invention, the silane 
coupling agent includes at least one of hexamethyl disila 
Zane, dimethyl diethoxy Silane, and n-buthyl trimethoxy. 

0050. In one embodiment of the invention, the method 
further includes the step of, before the formation of the pixel 
electrode, ashing the Surface of the interlayer insulating film 
by an oxygen plasma. 

0051. In one embodiment of the invention, the ashing 
step is conducted after the formation of the contact holes. 
0052. In one embodiment of the invention, the interlayer 
insulating film includes a thermally curable material and the 
interlayer insulating film is cured before the ashing Step. 

0053. In one embodiment of the invention, the thickness 
of the ashed portion of the interlayer insulating film is in the 
range of about 100 to 500 nm. 
0054. In one embodiment of the invention, the thickness 
of the pixel electrode is about 50 nm or more. 
0055. In one embodiment of the invention, the interlayer 
insulating film is formed by developing the photosensitive 
transparent acrylic resin with tetramethyl ammonium 
hydroxyOxide developing Solution with a concentration of 
about 0.1 mol % to about 1.0 mol %. 

0056. In one embodiment of the invention, the method 
further includes the step of, after the formation of the contact 
holes through the interlayer insulating film, decoloring the 
interlayer insulating film by irradiating the interlayer insu 
lating film with ultra-violet light. 

0057. In one embodiment of the invention, the method 
further includes the step of, before the formation of the 
organic film, forming a Silicon nitride film on a Surface of the 
substrate where the organic film is to be formed. 
0058. Thus, the invention described herein makes pos 
Sible the advantage of (1) providing a transmission type 
liquid crystal display device where flat pixel electrodes 
overlap respective lines to improve the aperture ratio of the 
liquid crystal display, minimize disturbance in the orienta 
tion of liquid crystal molecules, and Simplify the fabrication 
process. Furthermore, and the influence of the capacitance 
between the pixel electrodes and the lines appearing on the 
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display, Such as crosstalk, can be reduced to achieve a good 
display. The invention described herein also makes possible 
the advantage of (2) providing a method for fabricating Such 
a transmission type liquid crystal display device. 
0059. These and other advantages of the present inven 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed descrip 
tion with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0060 FIG. 1 is a plan view of a one-pixel portion of an 
active matrix Substrate of a transmission type liquid crystal 
display device of Example 1 according to the present 
invention. 

0061 
FIG. 1. 

FIG. 2 is a sectional view taken along line A-A of 

0.062 FIG. 3 is a plan view of a one-pixel portion of an 
active matrix Substrate of a transmission type liquid crystal 
display device of Example 3 according to the present 
invention. 

0.063 FIG. 4 is a sectional view taken along line B-B' of 
FIG 3. 

0.064 FIG. 5 is a partial sectional view of an active 
matrix Substrate of a transmission type liquid crystal display 
device of Example 4 according to the present invention. 
0065 FIG. 6 is a graph illustrating the relationship 
between the liquid crystal charging rate difference and the 
capacitance ratio for transmission type liquid crystal display 
devices of Examples 5 and 6 and a conventional liquid 
crystal display device. 
0.066 FIGS. 7A and 7B are waveforms of data signals in 
the cases of 1H inversion driving in Examples 5 and 6 and 
conventional field inversion driving, respectively. 
0067 FIG. 8 is a graph illustrating the relationship 
between the liquid crystal capacitance ratio and the overlap 
width for the transmission type liquid crystal display device 
of Example 5. 
0068 FIG. 9 is a plan view of a one-pixel portion of an 
active matrix Substrate of a transmission type liquid crystal 
display device of Example 7 according to the present 
invention. 

0069 FIG. 10 is a sectional view taken along line C-C 
of FG 9. 

0070 FIG. 11 is a graph illustrating the variation in the 
transmittance before and after light exposure of an acrylic 
resin, depending on the wavelength (nm) of transmitted light 
for the transmission type liquid crystal display device of 
Example 7. 
0071 FIG. 12 is a circuit diagram of a C-on-gate type 
liquid crystal display device. 
0.072 FIG. 13 is a plan view of a one-pixel portion of an 
active matrix Substrate obtained by applying the Structure of 
Example 3 to the liquid crystal display device shown in FIG. 
12. 

0.073 FIG. 14 is a plan view of a one-pixel portion of an 
active matrix Substrate of a transmission type liquid crystal 
display device of Example 10 according to the present 
invention. 
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0074 FIG. 15 is a sectional view taken along line D-D' 
of FIG. 14. 

0075 FIG. 16 is a circuit diagram of a conventional 
liquid crystal display device provided with an active matrix 
Substrate. 

0076 FIG. 17 is a sectional view of a one-pixel portion 
of the active matrix Substrate of the conventional liquid 
crystal display device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0077. The present invention will be described by way of 
examples with reference to the accompanying drawings. 
0078 (Example 1) 
007.9 FIG. 1 is a plan view of a one-pixel portion of an 
active matrix Substrate of the transmission type liquid crystal 
display device of Example 1 according to the present 
invention. 

0080 Referring to FIG. 1, the active matrix substrate 
includes a plurality of pixel electrodes 21 (within a bold line) 
arranged in a matrix. Gate lines 22 for Supplying a Scanning 
(gate) Signal and Source lines 23 for Supplying an image 
(data) signal run Surround the peripheries of the pixel 
electrodes 21 and croSS each other. The peripheries of each 
pixel electrode 21 overlap the gate lines 22 and the Source 
lines 23. ATFT 24 acting as a Switching element connected 
to the corresponding pixel electrode 21 is formed at a 
crossing of the gate line 22 and the Source line 23. A gate 
electrode of the TFT 24 is connected to the gate line 22 so 
that a gate Signal can be input into the gate electrode to 
control the driving of the TFT 24. A source electrode of the 
TFT 24 is connected to the Source line 23 So that a data 
Signal can be input into the Source electrode. A drain 
electrode of the TFT 24 is connected to the pixel electrode 
21 via a connecting electrode 25 and a contact hole 26. The 
drain electrode is also connected to an electrode of a Storage 
capacitor (a storage capacitor electrode 25a) via the con 
necting electrode 25. The other electrode of the Storage 
capacitor, a storage capacitor counter electrode 27, is con 
nected to a common line (element 6 in FIG. 16). 
0081 FIG. 2 is a sectional view of the active matrix 
substrate taken along line A-A of FIG. 1. 
0082 Referring to FIG. 2, a gate electrode 32 connected 
to the gate line 22 shown in FIG. 1 is formed on a 
transparent insulating Substrate 31. Agate insulating film 33 
is formed covering the gate electrode 32. A Semiconductor 
layer 34 is formed on the gate insulating film 33 so as to 
overlap the gate electrode 32 via the gate insulating film 33, 
and a channel protection layer 35 is formed on the center of 
the Semiconductor layer 34. n-Silayers as a Source elec 
trode 36a and a drain electrode 36b are formed covering the 
end portions of the channel protection layer 35 and portions 
of the Semiconductor layer 34, So that they are separated 
from each other by a portion of the channel protection layer 
35. A transparent conductive film 37a and a metal layer 37b 
which are to be the double-layer source line 23 shown in 
FIG. 1 are formed to overlap the source electrode 36a as one 
of the n-Silayers. A transparent conductive film 37a' and a 
metal layer 37b' are formed to overlap the drain electrode 
36b as the othern-Silayer. The transparent conductive film 
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37a' extends to connect the drain electrode 36b and the pixel 
electrode 21 and also serves as the connecting electrode 25 
which is connected to the Storage capacitor electrode 25a of 
the Storage capacitor. An interlayer insulating film 38 is 
formed covering the TFT24, the gate line 22, the source line 
23, and the connecting electrode 25. 
0.083. A transparent conductive film is formed on the 
interlayer insulating film 38 to constitute the pixel electrode 
21. The pixel electrode 21 is connected to the drain electrode 
36b of the TFT 24 via the contact hole 26 formed through 
the interlayer insulating film 38 and the transparent conduc 
tive film 37a' which is the connecting electrode 25. 
0084. The active matrix substrate with the above struc 
ture is fabricated as follows. 

0085 First, the gate electrode 32, the gate insulating film 
33, the semiconductor layer 34, the channel protection layer 
35, and the n-Silayers as the source electrode 36a and the 
drain electrode 36b are sequentially formed in this order on 
the transparent insulating Substrate 31 Such as a glass 
substrate. This film formation step can be conducted fol 
lowing a conventional method for fabricating an active 
matrix Substrate. 

0.086 Thereafter, the transparent conductive films 37a 
and 37a' and the metal layers 37b and 37b' constituting the 
Source line 23 and the connecting electrode 25 are Sequen 
tially formed by Sputtering and are patterned into a prede 
termined shape. 
0087. A photosensitive acrylic resin is applied to the 
resultant Substrate to a thickness of 3 um, for example, by 
spin coating to form the interlayer insulating film 38. The 
resultant resin layer is exposed to light according to a 
predetermined pattern and developed with an alkaline Solu 
tion. Only portions of the resin layer exposed to light are 
etched with the alkaline Solution, forming the contact holes 
26 through the interlayer insulating film 38. 
0088 Subsequently, a transparent conductive film is 
formed on the resultant Substrate by Sputtering and is 
patterned to form the pixel electrodes 21. Each pixel elec 
trode 21 is thus connected to the corresponding transparent 
conductive film 37a' which is in contact with the drain 
electrode 36b of the TFT 24 via the contact hole 26 formed 
through the interlayer insulating film 38. In this way, the 
active matrix Substrate of this example is fabricated. 

0089. The thus-fabricated active matrix substrate 
includes the thick interlayer insulating film 38 between the 
pixel electrode 21 and the underlying layers including the 
gate line 22, the source line 23, and the TFT 24. With this 
thick interlayer insulating film, it is possible to overlap the 
pixel electrode 21 with the gate and Source lines 22 and 23 
and the TFT 24. Also, the Surface of the pixel electrode 21 
can be made flat. As a result, when the transmission type 
liquid crystal display device including the thus-fabricated 
active matrix Substrate and a counter SubStrate with a liquid 
crystal layer therebetween is completed, the aperture ratio of 
this device can be improved. Also, Since the electric field 
generated at the lines 22 and 23 can be shielded, the 
occurrence of disclination can be minimized. 

0090 The acrylic resin constituting the interlayer insu 
lating film 38 has a dielectric constant of 3.4 to 3.8 which is 
lower than that of an inorganic film (e.g., the dielectric 
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constant of Silicon nitride is 8) and a high transparency. Also, 
Since the Spin coating is employed, a thickness as large as 3 
tum can be easily obtained. This reduces the capacitances 
between the gate line 22 and the pixel electrode 21 and 
between the source lines 23 and the pixel electrodes 21, 
lowering the time constant. As a result, the influence of the 
capacitances between the lines 22 and 23 and the pixel 
electrode 21 appearing on the display, Such as crosstalk, can 
be reduced, and thus a good and bright display can be 
obtained. 

0091. The contact hole 26 can be formed into a sharp 
tapered shape by the patterning including the exposure to 
light and the alkaline development. This facilitates a better 
connection between the pixel electrode 21 and the transpar 
ent conductive film 37a'. 

0092. Further, since the photosensitive acrylic resin is 
used, the thick film having a thickness of Several microme 
ters can be easily formed by Spin coating. No photoresist 
process is required at the patterning Step. This is advanta 
geous in production. Though the acrylic resin used as the 
interlayer insulating film 38 is colored before the coating, it 
can be made transparent optically by exposing the entire 
Surface to light after the patterning Step. The resin can also 
be made transparent chemically. 
0093. In this example, the photosensitive resin used as 
the interlayer insulating film 38 is, in general, exposed to 
light from a mercury lamp including the emission spectrum 
of the i line (wavelength: 365 nm), an h line (wavelength: 
405 nm), and a g line (wavelength: 436 nm). The i line has 
the highest energy (i.e., the shortest wavelength) among 
these emission lines, and therefore it is desirable to use a 
photosensitive resin having a reactive peak (i.e., absorption 
peak) at the i line. This makes it possible to form the contact 
holes with high precision, and moreover, Since the peak is 
farthest from the visible light, coloring caused by the pho 
toSensitive agent can be minimized. A photoSensitive resin 
reactive to ultraViolet light having Short wavelength emitted 
from an excimer laser can also be used. By using Such an 
interlayer insulating film Substantially free from coloring, 
the transmittance of the resultant transmission type liquid 
crystal display device can be increased. Accordingly, the 
brightness of the liquid crystal display can be increased or 
the power consumption of the liquid crystal display can be 
reduced by Saving the amount of light needed from a 
backlight. 
0094 Since the thickness of the interlayer insulating film 
38 is as large as Several micrometers, thicker than that in 
conventional liquid crystal display, a resin with a transmit 
tance as high as possible is preferably used. The Visual 
sensitivity of a human eye for blue is a little lower than those 
for green and red. Accordingly, even if the Spectral trans 
mittance of the film has slightly lower transmittance for blue 
light than that for green and red light, the display quality will 
be not substantially deteriorated. Though the thickness of the 
interlayer insulating film 38 was made 3 um in this example, 
it is not limited to 3 lum. The thickness of the interlayer 
insulating film may be set depending on the transmittance 
and the dielectric constant of the film. In order to reduce the 
capacitance, the thickneSS is preferably equal to or grater 
than about 1.5 tim, more preferably equal to or grater than 
about 2.0 um. 
0095. In this example, the transparent conductive film 
37a' is formed as the connecting electrode 25 connecting the 
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drain electrode 36b of each TFT 24 and the corresponding 
pixel electrode 21. This is advantageous in the following 
points. In the conventional active matrix Substrate, the 
connecting electrode is composed of a metal layer. When 
Such a metal connecting electrode is formed in the aperture 
portion, the aperture ratio is lowered. In order to overcome 
this problem, the connecting electrode is conventionally 
formed above the TFT or the drain electrode of the TFT. The 
contact hole is formed above the connecting electrode 
through the interlayer insulating film to connect the drain 
electrode of the TFT and the pixel electrode. With this 
conventional structure, however, when the TFT is made 
Smaller to improve the aperture ratio, for example, it is not 
possible to accommodate the entire contact hole above the 
Smaller TFT, AS a result, the aperture ratio is not improved. 
When the thickness of the interlayer insulating film is made 
as large as Several micrometers, the contact hole should be 
tapered in order to connect the pixel electrode and the 
underlying connecting electrode, and a large-size connecting 
electrode is required in the TFT region. For example, when 
the diameter of the contact hole is 5 tim, the size of the 
connecting electrode should be about 14 um in consideration 
of the tapered contact hole and the alignment allowance. In 
the conventional active matrix Substrate, if a TFT with a size 
Smaller than this value is realized, the oversized connecting 
electrode causes a new problem of lowering the aperture 
ratio. In contrast, in the active matrix Substrate of this 
example, Since the connecting electrode 25 is composed of 
the transparent conductive film 37a', no trouble of lowering 
the aperture ratio arises. Further, in this example, the con 
necting electrode 25 extends to connect the drain electrode 
36b of the TFT and the storage capacitor electrode 25a of the 
Storage capacitor formed by the transparent conductive film 
37a'. Since the extension is also formed of the transparent 
conductive film 37a', it does not lower the aperture ratio, 
either. 

0096. In this example, the source line 23 is of a double 
layer Structure composed of the transparent conductive layer 
37a and the metal layer 37b. If part of the metal layer 37b 
is defective, the Source line 23 can remain electrically 
conductive through the transparent conductive film 37a, So 
that the occurrence of disconnection of the Source line 23 
can be reduced. 

0097) (Example 2) 
0098. In Example 2, another method for forming the 
interlayer insulating film 38 will be described. 
0099. The fabrication process until the transparent con 
ductive films 37a and 37a' and the metal layers 37b and 37b' 
are formed by Sputtering and patterned is the same as that 
described in Example 1. Then, in this example, a non 
photoSensitive organic thin film, is formed on the resultant 
Structure by Spin coating. A photoresist is then formed on the 
thin film and patterned. Using the patterned photoresist, the 
organic thin film is etched to obtain the interlayer insulating 
film 38 and the contact holes 26 formed through the inter 
layer insulating film 38. Alternatively, the non-photosensi 
tive organic thin film may be formed by a CVD, instead of 
Spin coating. 
0100 Examples of the non-photosensitive organic thin 
film include a thermally curable acrylic resin. More specifi 
cally, JSS-924 (2-component system acrylic resin) and JSS 
925 (1-component System acrylic resin) manufactured by 
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Japan Synthetic Rubber Co., Ltd. can be used. These resins 
generally have a heat resistance of 280 C. or more. Using 
a non-photoSensitive resin for the interlayer insulating film 
allows for freer resin design. For example, polyimide resin 
can be used. Examples of transparent and colorleSS polyim 
ide resin include polyimides obtained by the combination of 
acid anhydrides Such as 2,2-bis(dicarboxyphenyl)hexafluo 
ropropylene acid anhydride, oxydiphthalic acid anhydride, 
and biphenyl tetracaboxylic acid anhydride, with meta 
Substituted aromatic diamines having a Sulfone group and/or 
an ether group or diamines having a hexafluoropropylene 
group. These polyimide resins are disclosed in Fujita, et al., 
Nitto Giho, Vol. 29, No. 1, pp. 20-28 (1991), for example. 
Among the above transparent and colorless polyimide res 
ins, a resin containing both acid anhydride and diamine each 
having a hexafluoropropylene group has a high transpar 
ency. Fluoric resins other than the above fluoric polyimides 
can also be used. Fluoric materials have not only excellent 
colorless transparency but also a low dielectric constant and 
high heat resistance. 
0101 A photoresist containing silicon is preferably used 
as the photoresist for the patterning of the interlayer insu 
lating film made of a non-photoSensitive organic material. In 
the above etching, dry etching is normally conducted using 
a gas containing CF, CFH, SF and the like. In this case, 
however, Since the photoresist and the interlayer insulating 
film are both organic resins, it is difficult to increase the 
Selection ratio between these resins. This is especially true in 
the case where the thickness of the interlayer insulating film 
is as large as 1.5 um or more which is nearly the same as that 
of the photoresist, as in this example. It is preferable that the 
materials have Sufficiently different etching rates (i.e., Selec 
tivity). When an acrylic resin is used as the interlayer 
insulating film in combination with a common photoresist 
material (e.g., OFPR-800 produced by Tokyo Ohka Kogyo 
Co., Ltd.) is used, for example, the Selection ratio is about 
1.5. In contrast, in this example, by using the photoresist 
containing Silicon, a Selectivity with respect to the photo 
Sensitive acrylic resin of about 2.0 or more can be obtained. 
Therefore, patterning with high precision is attained. 
0102 Alternatively, at the formation of the interlayer 
insulating film by the patterning using a photoresist which 
does not contain silicon, a silane coupling agent (e.g., 
hexamethyl disilaZane) may be applied to the photoresist 
and the Silane coupling agent layer is treated with oxygen 
plasma to form a Silicon oxide film. As a result, the etching 
rate of the photoresist is reduced, since the Silicon oxide film 
on the photoresist Serves as a protection film. This method 
can be used in combination with the Silicon containing 
photoresist. 

0103) The increase in the selection ratio by the above 
mentioned method utilizing a Silicon element is especially 
effective in the dry etching using a gas containing CF, 
CFH or SF 
0104. The active matrix substrate with the thus-formed 
interlayer insulating film 38 can also provide a high aperture 
ratio, as in Example 1. 
0105 The non-photosensitive organic thin film used as 
the interlayer insulating film 38 in this example has a low 
dielectric constant and a high transparency. The thickness 
can be as large as 3 lim. With the low dielectric constant and 
the long distance between electrodes of the capacitance, the 
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capacitances between the gate line 22 and the pixel electrode 
21 and between the source line 23 and the pixel electrode 21 
can be reduced. 

0106 (Example 3) 
0107 FIG. 3 is a plan view of a one-pixel portion of an 
active matrix Substrate of the transmission type liquid crystal 
display device of Example 3 according to the present 
invention. FIG. 4 is a sectional view taken along line B-B' 
of FIG. 3. Components having like functions and effects are 
denoted by the same reference numerals as those in FIGS. 
1 and 2, and the description thereof is omitted. 
0108. In the active matrix substrate of this example, each 
contact hole 26a is formed above the Storage capacitor 
electrode 25a and the Storage capacitor counter electrode 27 
of the Storage capacitor of each pixel. AS described in 
Example 1, the Storage capacitor electrode 25a constitutes 
the end portion of the connecting electrode 25 which is 
connected to the drain electrode 36b of the TFT 24. The 
other electrode of the Storage capacitor, the Storage capacitor 
counter electrode 27, is connected to a counter electrode 
formed on a counter Substrate via the Storage capacitor 
common line 6 shown in FIG. 16. In other words, the 
contact holes 26a are formed above the Storage capacitor 
common line 6 which is composed of a light-shading metal 
film. 

0109 The above structure of the active matrix substrate 
of this example has the following advantages. 
0110 Since the thickness of the interlayer insulating film 
38 is as large as 3 tim, for example, which is well compa 
rable with the thickness of a liquid crystal cell of 4.5 um, 
light leakage tends to occur around the contact holes 26a due 
to a disturbance in the orientation of the liquid crystal 
molecules. If the contact holes 26a are formed in the 
aperture portions of the transmission type liquid crystal 
display device, the contrast is lowered due to the light 
leakage. On the other hand, the active matrix Substrate of 
this example is free from this trouble because each contact 
hole 26a is formed above the Storage capacitor electrode 25a 
and the Storage capacitor counter electrode 27 as an end 
portion of the Storage capacitor common line 6 composed of 
a light-shading metal film. In other words, as long as the 
contact hole 26a is formed above the Storage capacitor 
common line 6 composed of a light-shading metal film, not 
in the aperture portion, any light leakage which may occur 
around the contact hole 26a due to a disturbance in the 
orientation of the liquid crystal molecules will not result in 
lowering of the contrast. This also applies to the case where 
the Storage capacitor is formed using a portion of the 
adjacent gate line 22 as one of electrodes thereof. In this 
case, the contact hole 26a is formed above the light-shading 
gate line 22 and thus lowering of the contrast can be 
prevented. 

0111. In the active matrix substrate of this example, the 
connecting electrode 25 for connecting the drain electrode 
36b of the TFT24 and the contact hole 26a is composed of 
the transparent conductive film 37a'. Accordingly, the aper 
ture ratio does not become lower by forming the contact hole 
26a above the Storage capacitor. 
0112 Thus, in this example, since the storage capacitor 
counter electrode 27 formed under the contact hole 26a 
shades light, light leakage which may occur due to a 
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disturbance in the orientation of the liquid crystal molecules 
does not influence the display. The size of the contact hole 
26a is not necessarily So precise, allowing the hole to be 
larger and Smoother. As a result, the pixel electrode 21 
formed on the interlayer insulating film 38 is continuous, not 
being interrupted by the contact hole 26a. This improves the 
production yield. 
0113 (Example 4) 
0114 FIG. 5 is a partial sectional view of an active 
matrix Substrate of the transmission type liquid crystal 
display device of Example 4 according to the present 
invention. Components having like functions and effects are 
denoted by the same reference numerals as those in FIGS. 1 
to 4, and the description thereof is omitted. 
0.115. In the active matrix substrate of this example, each 
contact hole 26b is formed through the interlayer insulating 
film 38 above the storage capacitor common line 6. A metal 
nitride layer 41 is formed on the portion of the transparent 
conductive film 37a under each contact hole 26b. 

0116. The above structure of the active matrix substrate 
of this example is advantageous in the following point. 

0.117) Some troubles arise in the adhesion between the 
resin used for the interlayer insulating film 38 and ITO 
(indium tin oxide) used for the transparent conductive film 
or metal Such as Ta and Al. For example, in the cleaning 
process after the formation of the contact hole 26b, a 
cleaning Solvent tends to permeate from the contact hole into 
the interface between the resin and the underlying transpar 
ent conductive film, causing the resin film to peel from the 
transparent conductive film. In order to overcome this 
trouble, according to the active matrix Substrate of this 
example, the metal nitride layer 41 made of TaN, AlN, and 
the like which have good adhesion with the resin is formed 
on the transparent conductive film under the contact hole. 
Accordingly, the peeling of the resin film and other troubles 
in the adhesion can be prevented. 
0118. Any material can be used for the metal nitride layer 
41 as long as it has good adhesion with the resin constituting 
the interlayer insulating film 38, ITO and the like constitut 
ing the transparent conductive film 37a, and metal Such as 
Ta and Al. Such a material should also be electrically 
conductive to electrically connect the transparent conductive 
film 37a' and the pixel electrode 21. 
0119 (Example 5) 
0120 In Example 5, a method for driving the transmis 
Sion type liquid crystal display device according to the 
present invention will be described. 
0121. In the transmission type liquid crystal display 
device according to the present invention, each pixel elec 
trode overlaps the corresponding lines via the interlayer 
insulating film. If the pixel electrode does not overlap the 
corresponding lines but gaps are formed therebetween, 
regions where no electric field is applied are formed in the 
liquid crystal layer. This trouble can be avoided by overlap 
ping the pixel electrode with the lines. The electric field also 
is not applied to the regions of the liquid crystal layer 
corresponding to the boundaries of the adjacent pixel elec 
trodes. However, light leakage which may occur at these 
regions can be blocked by the existence of lines. This 
eliminates the necessity of forming a black mask on a 
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counter Substrate in consideration of an error at the lamina 
tion of the active matrix Substrate and the counter Substrate. 
This improves the aperture ratio. Also, Since the electric field 
generated at the lines can be shielded, disturbances in the 
orientation of the liquid crystal molecules can be minimized. 
0122) The overlap width should be set in consideration of 
a variation in the actual fabrication process. For example, it 
is preferably about 1.0 um or more. 
0123 Crosstalk occurs due to the capacitance between 
the pixel electrode and the Source line when the pixel 
electrode overlaps the Source line as described above. This 
lowers the display quality of the resultant transmission type 
liquid crystal display device. In particular, in a liquid crystal 
panel used for a notebook type personal computer where 
pixels are arranged in a vertical Stripe shape, the display is 
greatly influenced by the capacitance between the pixel 
electrode and the Source line. This is considered to be due to 
the following reasons: (1) The capacitance between the pixel 
electrode and the Source line is relatively large Since, in the 
Vertical Stripe arrangement, the shape of the pixel electrode 
is rectangular having the Side along the Source line as the 
major side; (2) Since the display color is different between 
adjacent pixels, there is little correlation between Signals 
transmitted on the adjacent Source lines. Thus, the influence 
of the capacitance cannot be cancelled between the adjacent 
Source lines. 

0.124. According to the transmission type liquid crystal 
display device of the present invention, the interlayer insu 
lating film which is composed of an organic thin film has a 
Small dielectric constant and can be easily thicker. There 
fore, the capacitances between the pixel electrodes and the 
lines can be reduced, as described above. In addition to this 
feature, according to the method for driving the transmission 
type liquid crystal display device of this example, the 
influence of the capacitance between the pixel electrode and 
the Source line can be reduced to minimize vertical crosstalk 
which occurs in notebook type personal computers. 
0.125 The method of this example includes driving the 
transmission type liquid crystal display device by inverting 
the polarity of the data Signal for every horizontal Scanning 
period (hereinafter, this method is referred to as "1H inver 
Sion driving”). 
0.126 FIG. 6 shows the influences of the capacitance 
between the pixel electrode and the Source line upon the 
charging rate of the pixel in the cases of the 1H inversion 
driving and a driving method where the polarity of the data 
Signal is inverted every field (hereinafter, this method is 
referred to as “field inversion driving”). FIGS. 7A and 7B 
show the waveforms obtained by the 1H inversion driving 
and the field inversion driving, respectively. 
0127. In FIG. 6, the Y axis represents the charging rate 
difference which indicates the ratio of the effective value of 
the Voltage applied to the liquid crystal layer in the gray 
Scale display portion when the gray Scale is uniformly 
displayed to that when a black window pattern is displayed 
in the gray Scale display at a vertical occupation of 33%. The 
X axis represents the capacitance ratio which is proportional 
to the variation in the Voltage of the pixel electrode caused 
by the capacitance between the pixel electrode and the 
Source line, which is represented by expression (1) below: 

Capacitance ratio=C/(C+C+C) (1) 
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0128 wherein C. denotes the capacitance value between 
the pixel electrode and the Source line, C. denotes the 
capacitance value of the liquid crystal portion corresponding 
to each pixel at the gray Scale display, and C. denotes the 
capacitance value of the Storage capacitor of each pixel. The 
gray Scale display refers to the display obtained when the 
transmittance is 50%. 

0129. As is observed from FIG. 6, in the 1H inversion 
driving of this example, the influence of the capacitance 
between the pixel electrode and the Source line upon the 
effective Voltage actually applied to the liquid crystal layer 
can be reduced to one-fifth to one-tenth of that obtained in 
the field inversion driving when the capacitance value is the 
Same. This is because, in the 1H inversion driving, the 
polarity of the data Signal is inverted at intervals Sufficiently 
shorter than the period of one field during one field. This 
results in cancelling the influences of the positive Signal and 
the negative Signal on the display with each other. 
0.130. A display test was conducted using a VGA panel 
with a diagonal of 26 cm. From this test, it was observed that 
crosstalk was eminent when the charging rate difference was 
0.6% or more, degrading the display quality. This is shown 
by the dotted curve in FIG. 6. From the curve in FIG. 6, it 
is found that the capacitance ratio should be 10% or less in 
order to obtain the charging rate difference of 0.6% or less. 
0131 FIG. 8 shows the relationships between the overlap 
amount between the pixel electrode and the Source line and 
the capacitance between the pixel electrode and the Source 
line when the thickness of the interlayer insulating film is 
used as a parameter. The VGA panel with a diagonal of 26 
cm was also used in this test. In the test, the acrylic 
photosensitive resin (dielectric constant: 3.4) used in 
Example 1 was used as the interlayer insulating film. In 
consideration of the processing precision, the Overlap width 
between the pixel electrode and the source line should be at 
least 1 lum. From FIGS. 6 and 8, it is found that the 
thickness of the interlayer insulating film should be 2.0 um 
or more to Satisfy the overlap width of 1 um and the charging 
rate difference of 0.6% or less. 

0132) Thus, according to the 1H inversion driving of this 
example, a good display free from Vertical crosstalk can be 
obtained without inverting the polarity of the Signal on the 
adjacent Source lines (Source line inversion driving) when 
the pixel electrode overlaps the Source line. This method is 
therefore applicable to notebook type personal computers. 
0133. It has also been found that a dot inversion driving 
has similar effects to those obtained by the 1H inversion 
driving. The dot inversion driving is a driving method where 
Signals of the opposite polarities are input into pixel elec 
trodes adjacent each other in the transverse direction and 
also the polarity is inverted every horizontal Scanning 
period. A Source line inversion driving is also effective when 
the capacitance ratio is Sufficiently low as in the above case. 
Further, even in the color display operation where adjacent 
Signals are not highly correlated with each other, colored 
crosstalk may be Suppressed, since the capacitance between 
the pixel electrode and the Source line is Sufficiently reduced 
according to the present invention. 
0134 (Example 6) 
0135) In Example 6, another method for driving the 
transmission type liquid crystal display device according to 
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the present invention will be described. In this method, the 
polarity of the Voltage applied to the liquid crystal layer is 
inverted for every horizontal Scanning period, and Simulta 
neously the Signal applied to the counter electrode is driven 
by alternate current in Synchronization with the inversion of 
the polarity of the source signal. This AC driving of the 
counter electrode can minimize the amplitude of the Source 
Signal. 

0136 FIG. 6 described in Example 5 also shows the 
curve obtained when the counter electrode is AC driven with 
an amplitude of 5 V. From FIG. 6, it is observed that, since 
the 1H inversion driving is employed, the charging rate 
difference is sufficiently small compared with the case of the 
field inversion driving, though it is larger by about 10 
percent than that obtained in Example 5 due to the AC 
driving of the counter electrode in this example. As a result, 
a good display without vertical crosstalk can be realized in 
the driving method of this example, as in the previous 
example. 
0137 (Example 7) 
0138 FIG. 9 is a plan view of a one-pixel portion of an 
active matrix Substrate of the transmission type liquid crystal 
display device of Example 7. 
0.139. In the transmission type liquid crystal display 
device of this example, each flat pixel electrode overlaps 
corresponding lines to improve the aperture ratio of the 
liquid crystal display, minimize disturbances in the orienta 
tion of the liquid crystal molecules, and Simplify the fabri 
cation process. Also, the influence of the capacitances 
between the pixel electrode and the lines appearing on the 
display, Such as croSStalk, is minimized thereby achieving a 
good display. In this example, an interlayer insulating film 
with high transparency can be obtained. After the light 
exposure and development of the interlayer insulating film, 
the entire Substrate is exposed to light to react the remaining 
unnecessary photosensitive agent contained in the photo 
Sensitive transparent acrylic resin. 
0140. Referring to FIG. 9, the active matrix substrate 
includes a plurality of pixel electrodes 51 arranged in a 
matrix. Gate lines 52 and source lines 53 run along the 
peripheries of the pixel electrodes 51 to cross each other. The 
peripheries of each pixel electrode 51 overlap the gate lines 
52 and the source lines 53. ATFT54 as a Switching element 
connected to the corresponding pixel electrode 51 is formed 
at a crossing of the gate line 52 and the Source line 53. Agate 
electrode of the TFT 54 is connected to the gate line 52 so 
that a gate Signal is input into the gate electrode to control 
the driving of the TFT 54. A source electrode of the TFT54 
is connected to the Source line 53 So that a data Signal can 
be input into the Source electrode. A drain electrode of the 
TFT54 is connected to the corresponding pixel electrode 51 
via a connecting electrode 55 and a contact hole 56. The 
drain electrode is also connected to an electrode of a Storage 
capacitor, a storage capacitor electrode 55a, via the con 
necting electrode 55. The other electrode of the storage 
capacitor, a storage capacitor counter electrode 57, is con 
nected to a common line. 

0141 FIG. 10 is a sectional view of the active matrix 
substrate taken along line C-C of FIG. 9. 
0142 Referring to FIG. 10, a gate electrode 62 con 
nected to the gate line 52 shown in FIG. 9 is formed on a 
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transparent insulating Substrate 61. Agate insulating film 63 
is formed covering the gate electrode 62. A Semiconductor 
layer 64 is formed on the gate insulating film 63 So as to 
overlap the gate electrode 62 via the gate insulating film 63, 
and a channel protection layer 65 is formed on the center of 
the Semiconductor layer 64. n-Silayers as a Source elec 
trode 66a and a drain electrode 66b are formed covering the 
end portions of the channel protection layer 65 and portions 
of the Semiconductor layer 64, So that they are separated 
from each other at the top of the channel protection layer 65. 
A transparent conductive film 67a and a metal layer 67b 
which are to be the double-layer source line 53 shown in 
FIG. 9 are formed to overlap the source electrode 66a as one 
of the n-Silayers. A transparent conductive film 67a' and a 
metal layer 67b' are formed to overlap the drain electrode 
66b as the othern-Silayer. The transparent conductive film 
67a' extends to connect the drain electrode 66b and the pixel 
electrode 51 and also serves as the connecting electrode 55 
which is connected to the Storage capacitor electrode 55a. 
An interlayer insulating film 68 is formed covering the TFT 
54, the gate line 52, the source line 53, and the connecting 
electrode 55. The interlayer insulating film 68 is made of a 
high-transparency acrylic resin (photosensitive transparent 
acrylic resin) which dissolves in a developing Solution when 
exposed to light. 

0.143 A transparent conductive film is formed on the 
interlayer insulating film 68 to constitute the pixel electrode 
51. The pixel electrode 51 is connected to the drain electrode 
66b of the TFT 54 via the contact hole 56 formed through 
the interlayer insulating film 68 and the transparent conduc 
tive film 67a' which is the connecting electrode 55. 
0144. The active matrix substrate with the above struc 
ture is fabricated as follows. 

0145 First, the gate electrode 62 made of Ta, Al, Mo, W, 
Cr, and the like, the gate insulating film 63 made of SiN 
SiO2, Ta-Os, and the like, the Semiconductor layer (intrinsic 
Si) 64, the channel protection layer 65 made of SiN., Ta-Os, 
and the like, the n-Silayers as the source electrode 66a and 
the drain electrode 66b are sequentially formed in this order 
on the transparent insulating Substrate 61 Such as a glass 
Substrate. 

0146 Thereafter, the transparent conductive films 67a 
and 67a' and the metal layers 67b and 67b' made of Ta, Al, 
MoW, Cr, and the like constituting the source line 53 and the 
connecting electrode 55 are Sequentially formed by Sputter 
ing and are patterned into a predetermined shape. In this 
example, as in the previous examples, the Source line 53 is 
of the double-layer Structure composed of the transparent 
conductive film 67a made of ITO and the metal film 67b. 
With this structure, if part of the metal layer 67b is defective, 
the Source line 53 can remain electrically conductive 
through the transparent conductive film 67a, so that the 
occurrences of disconnection of the Source line 53 can be 
reduced. 

0147 A photosensitive acrylic resin is applied to the 
resultant Structure to a thickness of 2 um, for example, by 
spin coating to form the interlayer insulating film 68. The 
resultant resin layer is exposed to light according to a 
predetermined pattern and developed with an alkaline Solu 
tion. Only the portions exposed to light are etched with the 
alkaline solution, which forms the contact holes 56 through 
the interlayer insulating film 68. 
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0148 Subsequently, a transparent conductive film is 
formed over the interlayer insulating film 68 and the contact 
holes 56 by sputtering and is patterned to form the pixel 
electrodes 51. Thus, each pixel electrode 51 is connected to 
the transparent conductive film 67a' which is in contact with 
the drain electrode 66b of the TFT54 via the contact hole 56 
formed through the interlayer insulating film 68. In this way, 
the active matrix Substrate of this example is fabricated. 
014.9 The interlayer insulating film 68 of Example 7 is 
made of a positive-type photosensitive acrylic resin, which 
is a photoSensitive transparent acrylic resin with high trans 
parency which dissolves in a developing Solution after 
exposure to light. 

0150. The positive-type photosensitive acrylic resin is 
preferably a material composed of a copolymer of meth 
acrylic acid and glycidyl methacrylate as a base polymer 
mixed with a naphthoguinone diazide positive-type photo 
Sensitive agent, for example. Since this resin contains the 
glycidyl group, it can be crosslinked (cured) by heating. 
After curing, the resin has the properties of a dielectric 
constant of about 3.4; and a transmittance of 90% or more 
for light with a wavelength in the range of 400 to 800 nm. 
The resin can be decolored in a shorter time by being 
irradiated with iline (365 nm) ultraviolet light. Ultraviolet 
light other than the i line can be used for patterning. Since 
the heat resistance of the photoSensitive acrylic resin used in 
this example is generally 280 C., the degradation of the 
interlayer insulating film can be Suppressed by conducting 
the proceSS Such as the formation of the pixel electrodes after 
the formation of the interlayer insulating film at a tempera 
ture in the range of about 250° C. to 280° C. 
0151. The formation of the interlayer insulating film 68 
using the above-described photoSensitive acrylic resin with 
high transparency will be described in detail. 
0152 First, a solution containing the photosensitive 
transparent acrylic material is applied to the Substrate by 
Spin coating, followed by a normal photo-patterning proceSS 
including prebaking, pattern exposure, alkaline develop 
ment, and cleaning with pure water in this order. 
0153 Specifically, the interlayer insulating film 68 with a 
thickness of 3 um is formed by applying a Solution contain 
ing the photosensitive transparent acrylic resin to the result 
ant Substrate by Spin coating. More Specifically, the acrylic 
resin with a Viscosity of 29.0 cp is applied at a Spin rotation 
of 900 to 1100 rpm. This makes it possible to obtain flat 
pixel electrodes without StepS unlike in the conventional 
method, minimizing disturbances in the orientation of liquid 
crystal molecules and improving the resultant display qual 
ity. 

0154) Subsequently, the resultant substrate is heated to 
about 100° C. to dry a solvent of the photosensitive trans 
parent acrylic resin (e.g., ethyl lactate, propylene glycol 
monomethyl ether acetate, etc.). The resultant photosensi 
tive acrylic resin is exposed to light according to a prede 
termined pattern and developed with an alkaline Solution 
(tetramethyl ammonium hydroxy oxide, abbreviated to 
“TMAH"). The portions of the substrate exposed to light are 
etched with the alkaline Solution, forming the contact holes 
56 through the interlayer insulating film 68. The concentra 
tion of the developing Solution is preferably in the range of 
0.1 to 1.0 mol % (in the case of TMAH). When the 
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concentration exceeds 1.0 mol %, the portions of the pho 
toSensitive transparent acrylic resin which are not exposed to 
light are also largely etched, making it difficult to control the 
thickness of the photoSensitive transparent acrylic resin. 
When the concentration of the developing Solution is as high 
as 2.4 mol %, altered Substances from the acrylic resin are 
left in the etched portions as residues, causing contact 
failure. When the concentration is less than 0.1 mol %, the 
concentration largely varies as the developing Solution is 
circulated for repeated use. This makes it difficult to control 
the concentration. Thereafter, the developing Solution left on 
the Substrate Surface is washed away with pure water. 
O155 As described above, the interlayer insulating film 
can be formed by Spin coating. Accordingly, the thickness of 
the film which may be several micrometers can be made 
uniform easily by appropriately Selecting the rotation of the 
Spin coater and the Viscosity of the photosensitive transpar 
ent acrylic resin. The contact hole can be made into a Smooth 
tapered shape by appropriately Selecting the amount of light 
exposure during the pattern exposure, the concentration of 
the developing Solution, and the developing time. 
0156 The resin may appear colored after the develop 
ment depending on the type and amount of the photosensi 
tive agent (e.g., naphthoguinone diazide photosensitive 
agents and naphthoguinone diazide positive-type photosen 
Sitive agents) contained in the photosensitive transparent 
acrylic resin. To avoid this problem, the entire Substrate is 
exposed to light to allow the remaining unnecessary colored 
photosensitive agent contained in the resin to completely 
react, So as to eliminate light absorption in the visible region 
and thereby to make the acrylic resin transparent. Examples 
of the photoSensitive agent include naphthoxy diazide posi 
tive-type photoSensitive agents and naphthoguinone diazide 
photosensitive agents. 

0157 FIG. 11 shows the variation in the light transmit 
tance of the Surface of the acrylic resin with a thickness of 
3 um before and after being exposed to light Such as 
ultraViolet light, depending on the wavelength (nm) of the 
transmitted light. As is observed from FIG. 11, when the 
resin has not been exposed to light, the transmittance of the 
resin is 65% for transmitted light with a wavelength of 400 
nm. After the resin is exposed to light, the transmittance is 
improved to 90% or more. In this case, the Substrate was 
irradiated with light from the front side thereof. This light 
exposure Step can be shortened by irradiating the Substrate 
with light from both the front side and the back side. This 
improves the throughput of the process. 

0158 Finally, the resultant substrate is heated to cure the 
resin by crosslinking. More specifically, the Substrate is 
placed on a hot plate or in a clean oven and heated to about 
200° C. to cure the resin. 

0159. Thus, by using the photosensitive transparent resin, 
the interlayer insulating film 68 and the contact holes 56 
formed through the interlayer insulating film 68 for con 
necting the pixel electrodes and the drain electrodes of the 
Switching elements can be formed only by the photo 
patterning without the conventional etching and resist-re 
moving Steps. This simplifies the fabrication process. The 
thickness of the photoSensitive transparent acrylic resin may 
be any desired value in the range of 0.05 to 10 um (3 um in 
Example 7; note that the light transmittance lowers and the 
coloring is more prominent as the thickness becomes larger) 
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and can be made uniform by appropriately Selecting the 
Viscosity of the resin Solution and the rotation of the Spin 
coater during Spin coating. 
0160 Thereafter, ITO is deposited on the photosensitive 
transparent acrylic resin to a thickness of 50 to 150 nm by 
Sputtering and is patterned to form the pixel electrodes 51. 
The ITO film as each pixel electrode 51 having a thickness 
of 50 nm or more effectively prevents an agent (e.g., 
dimethyl Sulfoxide) used as a removing Solution from per 
meating from gaps of the surface of the ITO film into the 
resin and the resin from expanding due to the permeation of 
the agent. The active matrix Substrate of Example 7 is thus 
fabricated. 

0.161 Thus, in this example, as in the previous examples, 
with the existence of the interlayer insulating film 68, all the 
portions of the display panel other than the Source and gate 
line portions can be used as pixel aperture portions. The 
resultant liquid crystal display device is bright with high 
transmittance and a large aperture ratio. 
0162 Moreover, with the existence of the interlayer 
insulating film 68, the pixel electrodes can be made flat 
without being influenced by Steps formed by the underlying 
lines and Switching elements. This prevents the occurrence 
of disconnection conventionally found at the Steps on the 
drain Sides of the pixel electrodes, and thereby reduces the 
number of defective pixels. Disturbances in the orientation 
of liquid crystal molecules caused by the Steps can also be 
prevented. Furthermore, since the source lines 53 and the 
pixel electrodes 51 are isolated from each other with the 
interlayer insulating film 68 therebetween, the number of 
defective pixels conventionally caused by the electrical 
leakage between the Source lines 53 and the pixel electrodes 
51 can be reduced. 

0163. Further, in this example, the interlayer insulating 
film 68 can be formed only by the resin formation step, 
instead of the film formation Step, the pattern formation Step 
with a photoresist, the etching Step, the resist removing Step, 
and the cleaning Step conventionally required. This simpli 
fies the fabrication process. 
0164 (Example 8) 
0.165. In Example 8, the method for improving the adhe 
sion between the interlayer insulating film 68 and the 
underlying films described in Example 7 shown in FIGS. 9 
and 10 will be described. 

0166 The adhesion of the photosensitive transparent 
acrylic resin as the interlayer insulating film 68 with the 
underlying films may be inferior depending on the materials 
of the underlying films. In Such a case, according to the 
method of this example, the Surfaces of the underlying films, 
i.e., the gate insulating film 63, the channel protection film 
65, the Source electrode 66a, the drain electrode 66b, the 
transparent conductive films 67a and 67a', and the metal 
films 67b and 67b' are exposed to ultraviolet light from an 
M-type mercury lamp (860 W) in an oxygen atmosphere 
before the application of the photoSensitive transparent 
acrylic resin, So as to roughen the Surfaces. The interlayer 
insulating film 68 made of the photosensitive transparent 
acrylic resin is then formed on the roughened Surfaces of the 
underlying films. The Subsequent Steps are the Same as those 
described in Example 7. By this method, the adhesion 
between the photoSensitive transparent acrylic resin and the 
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Surface-roughened underlying films improves. This over 
comes the conventional problem of the film peeling at the 
interface between the interlayer insulating film 68 made of 
the photosensitive transparent acrylic resin and the under 
lying films. This condition results when an agent Such as a 
mixture of hydrochloric acid and iron chloride for etching 
ITO, permeates into the interface. 

0.167 Thus, by irradiating the substrate surface before the 
formation of the interlayer insulating film 68 with ultraviolet 
light, the adhesion between the interlayer insulating film 68 
and the underlying films improves. The resultant device can 
be stable despite further processing during the fabrication 
proceSS. 

0168 An alternative method for improving the adhesion 
according to the present invention is to treat the Surface to 
be coated with the resin with a Silane coupling agent before 
the coating with the resin. AS the Silane coupling agent, 
hexamethyl disilaZane, dimethyl diethoxy Silane, n-buthyl 
trimethoxy Silane, and the like are especially effective in 
improvement of the adhesion. For example, in the case of 
adhesion with the silicon nitride film, it has been found that 
the adhesion Strength of the treated Surface improves by 
about 10% compared with that of the surface not treated with 
the Silane coupling agent. The problem that the pattern of the 
resin is damaged due to an internal StreSS generated by the 
crosslinking of the resin, which Sometimes occurs if the 
Surface is not So treated, is prevented by this treatment with 
the Silane coupling agent. 

0169. The silane coupling agent may be blended in the 
resin before the application of the resin, instead of applying 
the agent to the underlaying layer before the application of 
the resin. The same adhesion effect can be obtained by this 
method. Specifically, when 1 wt % of dimethyl diethoxy 
Silane was added to the photosensitive acrylic resin, the 
adhesion strength of the resin with the silicon nitride film 
(i.e., a under laying layer) improved by 70%. 
0170 (Example 9) 
0171 In Example 9, the method for improving the adhe 
sion between the interlayer insulating film 68 and the pixel 
electrode material formed thereon described in Example 7 
and shown in FIGS. 9 and 10 will be described. 

0172. After the formation of the interlayer insulating film 
68 made of the photosensitive transparent acrylic resin in 
Example 7, the Surface portion of the interlayer insulating 
film 68 with a thickness of 100 to 500 nm is ashed in an 
OXygen plasma atmosphere using a dry etching apparatus. 
More Specifically, the Surface of the acrylic resin is ashed in 
the oxygen plasma atmosphere using a parallel plane type 
plasma etching apparatus under the conditions of a RF 
power of about 1.2 KW, a pressure of about 800 m Torr, an 
oxygen flow rate of about 300 sccm, a temperature of 70° C., 
and a RF applying time of about 120 seconds. By this 
process, water and carbon dioxide are released from the 
Surface of the acrylic resin by oxidation decomposition, and 
thus the Surface is roughened. 

0173 Thereafter, ITO is deposited on the roughened 
photosensitive transparent acrylic resin to a thickness of 
about 50 to about 150 nm by sputtering and patterned to 
form the pixel electrodes 51. The active matrix substrate is 
thus fabricated. 
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0.174. By this ashing, the adhesion between the pixel 
electrodes 51 and the underlying roughened interlayer insu 
lating film 68 made of the photoSensitive transparent acrylic 
resin greatly improves. No delamination at the interface 
thereof was caused by an application of ultrasound for 
cleaning the substrate. The above effect was not obtained 
when the thickness of the ashed Surface portion of the acrylic 
resin was less than 100 nm. When it exceeds 500 nm, the 
decrease in the thickness of the photoSensitive transparent 
acrylic resin is So large that the variation in the thickness of 
the resultant acrylic resin increases, causing display 
troubles. The improvement in the adhesion is obtained by 
using any type of the dry etching apparatus including a 
barrel type and a RIE type. 
0175 Thus, by ashing the surface portion of the inter 
layer insulating film 68 in the oxygen plasma atmosphere 
before the formation of the pixel electrodes, the adhesion 
between the interlayer insulating film 68 and the pixel 
electrode material improves. The resultant device can be 
Stable against further processing during the fabrication pro 
ceSS. In addition, the ashing is also effective in removing 
residues from the contact holes. This reduces the occurrence 
of disconnection in the contact holes. 

0176). In this example, the ashing is conducted after the 
crosslinking of the resin for the interlayer insulation film. 
This is advantageous for conducting the ashing Step in a 
more Stable condition, Since gas is generated in the 
crosslinking Step. 

0177) (Example 10) 
0178 FIG. 14 is a plane view of an active matrix 
Substrate of the transmission type liquid crystal display 
device of Example 10 according to the present invention. 
FIG. 15 is a sectional view taken along line D-D' of FIG. 14. 
Components having like functions and effects are denoted 
by the same reference numerals as those in FIGS. 1 and 2, 
and the description thereof is omitted. 
0179. In the active matrix substrate of this example, the 
connections between each TFT 24 and the corresponding 
pixel electrode 21 and between each Storage capacitor 
electrode 25a and the corresponding pixel electrode 21 are 
effected via Separate contact holes 26a and 26b, respectively. 
Also, in this example, each Source line 23 is composed of a 
Single metal layer, though it may be of a multi-layer Struc 
ture. The Storage capacitor electrodes 25a are formed of the 
Same material as that of the Source lines 23 in the same Step 
as in the previous examples. The two contact holes 26a and 
26b are formed above a metal electrode 23b connected to the 
drain electrode 36b of the TFT and above the storage 
capacitor electrode 25a, respectively. That is, these contact 
holes 26a and 26b formed above the metal electrodes having 
a light-shading property. 

0180. The transmission type liquid crystal display device 
with the above Structure is advantageous in the following 
points. 

0181. When the thickness of the interlayer insulating film 
38 is as large as 3 tim, for example, which is well compa 
rable with the typical thickness of a liquid crystal layer (a 
cell thickness) of 4.5 um, light leakage tends to occur around 
the contact holes 26a and 26b due to disturbances in the 
orientation of the liquid crystal molecules. If the contact 
holes 26a and 26b are formed in the aperture portions of the 
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transmission type liquid crystal display device, the contrast 
ratio is lowered due to the light leakage. In contrast, the 
active matrix Substrate of this example is free from this 
trouble because the Storage capacitor electrode 25a blockS 
the light from around the contact holes 26b and the metal 
electrode 23b blocks the light from around the contact holes 
26a. The aperture ratio can be further increased by forming 
the Storage capacitor counter electrodes 27 So that they do 
not extend from the Storage capacitance electrode 25a. 
Though the C-Common type was used in this example, the 
C-on-Gate type can also be used. 
0182. Thus, in Examples 1 to 10 above, each pixel 
electrode overlaps the corresponding lines to improve the 
aperture ratio of the liquid crystal display, to minimize 
disturbances in the orientation of the liquid crystal mol 
ecules, and to Simplify the fabrication process. Also, the 
influence of the capacitances between the pixel electrode 
and the lines appearing on the display, Such as crosstalk, is 
minimized to achieve a good display. In addition to these 
features, a wide viewing angle can be obtained. 
0183 The wide viewing angle can be obtained due to the 
following reasons: (1) The orientation of the liquid crystal 
molecules is not disturbed Since the Surfaces of the pixel 
electrodes are flat; (2) No disclination line is generated due 
to the electric field generated at the lines; (3) oblique light 
from the backlight can be effectively used by having the 
interlayer insulating film 38 as thick as Several micrometers 
while the distance between adjacent aperture portions is in 
the range of Several microns to ten and Several microns, and 
(4) The contrast is large (1:300 or more for a 10.4-inch 
SVGA). As a result, the retardation value, i.e., the refractive 
index anisotropy of liquid crystal (An)xcell thickness (d), 
can be reduced. This reduction of the retardation is obtained 
mainly by reducing the cell thickness according to the 
present invention. In general, as the value of Anxd 
decreases, the viewing angle increases but the contrast 
decreases. According to the present invention, however, the 
Size of the pixel electrodes is made large by eliminating the 
margins conventionally provided between the pixel elec 
trodes and the corresponding lines. For example, for a 10.4" 
VGA, the aperture ratio increased by about 20 points from 
65% to 86%, and the brightness also increased by more than 
1.5 times. For a 12.1" XGA, similarly, the aperture ratio 
greatly increased from 55% to 80%. The reason is as 
follows. In the conventional Structure, when the Source line 
width is 6 tim, the gap between the Source line and the pixel 
electrode is 3 tim, and the attachment margin is 5 um, for 
example, the distance between adjacent aperture portion is 
required to be 22 um or more. In contrast, according to the 
present invention where each pixel electrode overlaps the 
corresponding Source Lines, the distance between adjacent 
aperture portions can be 6 um which is the Source line width. 
Thus, the ratio of the portion which does not constitute the 
aperture portion to the entire area can be greatly reduced. 
0.184 Examples 3 and 4 described the transmission type 
liquid crystal display device where one electrode of the 
Storage capacitor (a storage capacitor electrode) is connected 
to the counter electrode Via the Storage capacitor common 
line. The same effects obtained by the above structure can 
also be obtained by using the gate line 22 of the adjacent 
pixel as the storage capacitor electrode. FIGS. 12 and 13 
show the latter Structure. This type of liquid crystal display 
device is called a C-on-gate type, where each pixel elec 
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trode 21 overlaps the immediately before or next gate line 22 
to form a storage capacitor C. In this case, the pixel 
electrode 21 preferably overlaps a larger portion of the 
immediately before or next gate line while it overlaps a 
Smaller portion of the corresponding gate line. 
0185. In Examples 1 to 10, the photosensitive transparent 
acrylic resin with high transparency is applied by Spin 
coating and patterned to form the interlayer insulating film, 
and the contact holes are formed through the interlayer 
insulating film. The application of the photoSensitive trans 
parent acrylic resin can also be conducted by methods other 
than the Spin coating, Such as roll coating and slot coating. 
The effects of the present invention can also be obtained by 
these methods. Roll coating is a method where a Substrate is 
allowed to pass through between a roll with an uneven 
Surface and a belt with the Surface of the Substrate to be 
Subjected to the coating facing the roll. The thickness of the 
resultant coating is determined by the degree of the uneven 
neSS. The Slot coating is a method where a Substrate is 
allowed to pass under an ejection slot. The thickness of the 
resultant coating is determined by the width of the ejection 
slot. 

0186. In Examples 7 and 8, among the i line (wavelength: 
365 nm), the h line (wavelength: 405 nm), and the g line 
(wavelength: 436 nm) generally used for the light exposure 
process, the i line having the Shortest wavelength is used. 
This shortens the light irradiation time, and is highly effec 
tive in decoloring in Example 7 and in roughening the 
Surface in Example 8. 

0187 Thus, according to the present invention, with the 
existence of the interlayer insulating film, each pixel elec 
trode can be formed to overlap the corresponding lines. This 
improves the aperture ratio and minimizes disturbances in 
the orientation of the liquid crystal molecules. Since the 
interlayer insulating film is composed of an organic thin 
film, the dielectric constant thereof is Smaller and the 
thickness thereof can be easily larger, compared with an 
inorganic thin film. Thus, the capacitances between the pixel 
electrode and the lines can be reduced. As a result, Vertical 
crosstalk caused by the capacitance between the pixel elec 
trode and the Source line can be reduced, and the 
feedthrough of the write Voltage to the pixels caused by the 
capacitance between the pixel electrode and the gate line, as 
well as the variation in the fabrication process, can be 
reduced. 

0188 In the formation of the interlayer insulating film, 
the photoSensitive organic material Such as an acrylic resin 
is applied to the Substrate by a coating method and patterned 
by light exposure and development to obtain an organic thin 
film with a thickness of several micrometers with high 
productivity. This makes it possible to fabricate the trans 
mission type liquid crystal display device with a high 
aperture ratio without largely increasing production cost. 
The transmission type liquid crystal display device with a 
high aperture ratio can also be obtained by forming the 
organic thin film by deposition, forming a photoresist on the 
organic thin film, and patterning the organic thin film in an 
etching process. In the case where the resin used for the 
interlayer insulating film is colored, the resin can be made 
transparent by optically or chemically decoloring the resin 
after the patterning. As a result, a good color display can be 
obtained. 
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0189 The connecting electrode for connecting the drain 
electrode of the TFT and the pixel electrode is formed using 
the transparent conductive film. This further improves the 
aperture ratio. The transparent conductive film can be 
formed simultaneously with the source line which is of a 
double-layer Structure including the transparent conductive 
film. With the double-layer structure, disconnection at the 
Source line can be prevented. 
0190. Each contact hole is formed through the interlayer 
insulating film above the Storage capacitor common line or 
the gate line (i.e., Scanning line). This improves the contrast 
ratio because light leakage which may be generated due to 
a disturbance in the orientation of the liquid crystal can be 
blocked by the Storage capacitor portion. In other words, 
light leakage is generated in the light-shading portions, if 
generated, not in the aperture portions. 

0191 The metal nitride layer may be formed under each 
contact hole formed through the interlayer insulating film. 
This improves the adhesion between the interlayer insulating 
film and the underlying film. Thus, the resultant liquid 
crystal display device is Stable against further processing in 
the production process. 
0.192 Each pixel electrode may overlap the correspond 
ing Source line by 1 um or more. With this overlap, the 
aperture ratio can be maximized. Also, the processing pre 
cision of each pixel electrode with respect to the correspond 
ing lines is not necessarily required to be high. This is 
because, even if the processing precision is low, light 
leakage can be well blocked by the overlapping lines as long 
as the pixel electrode overlaps the lines. 
0193 By having the thickness of the interlayer insulating 
film be 1.5 um or more (preferably, 2.0 um or more), the 
capacitance between each pixel electrode and the corre 
sponding Source line can be Sufficiently Small. This reduces 
the time constant even though the pixel electrode overlaps 
the Source line by 1 um or more. As a result, the influence 
of the capacitance appearing on the display, Such as 
crosstalk, can be reduced, and thus a good display can be 
provided. 

0194 The vertical crosstalk is further reduced by 
decreasing the capacitance ratio represented by expression 
(1) above to 10% or less, Since the capacitance between the 
pixel electrode and the Source line is Sufficiently reduced. 
0.195 The polarity of the data signal Supplied from the 
Source line may be inverted every gate line. This further 
reduces the influence of the capacitance between each pixel 
electrode and the corresponding Source line appearing on the 
display, Such as vertical croSStalk. 
0196. The effects of the present invention can also be 
obtained for the active matrix substrate where the pixel 
electrodes are arranged in a vertical Stripe shape and each 
pixel electrode is of a rectangular shape with the Side thereof 
parallel to the Source line being longer than the Side thereof 
parallel to the gate line. This makes it possible to obtain a 
large-scale liquid crystal display device with a high aperture 
ratio free from vertical crosstalk for notebook type personal 
computers and the like. 
0197) Each storage capacitor is formed using an insulat 
ing film which is extremely thinner than the interlayer 
insulating film. The resultant Storage capacitor can have a 
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large capacitance while the area thereof is Small. This 
improves the aperture ratio. Since the Storage capacitor 
electrodes are formed Simultaneously with the Source lines 
(i.e., signal lines), an increase in the number of process Steps 
can be avoided. 

0198 When the source lines are composed of lightshad 
ing conductive films, the contact hole portions can be 
blocked from light. This conceals disturbances in the orien 
tation of the liquid crystals occurring at these portions, 
improving the display quality. This also improves the aper 
ture ratio. 

0199. In the case of using a photosensitive resin reactive 
to ultraViolet light, if the resin has a reactive peak at the i 
line, the contact holes can be formed with high precision. 
Also, Since the peak is farthest from the visible light, 
coloring can be minimized. This improves the transmittance 
of the resultant transmission type liquid crystal display 
device, and thus the amount of light from a backlight can be 
reduced, Saving power consumption, or the brightness can 
be increased if the amount of light from the backlight is not 
reduced. 

0200 Since the interlayer insulating film according to the 
present invention is comparatively thick and can be made 
flat, conventional troubles caused by Steps formed by the 
underlying lines and the like, Such as disconnection on the 
drain Side of the pixel electrode, are overcome. Disturbances 
in the orientation of the liquid crystal is also prevented. The 
pixel electrodes and the lines are isolated by the interlayer 
insulating film formed therebetween. This greatly reduces 
the number of defective pixels due to electrical leakage 
between the pixel electrodes and the lines, thereby increas 
ing production yield and reducing production cost. More 
over, according to the present invention, the interlayer 
insulating film can be formed only by the resin formation 
Step, instead of the film formation Step, the pattern formation 
Step with a photoresist, the etching Step, the resist removing 
Step, and the cleaning Step conventionally required. This 
Simplifies the fabrication process and reduces production 
COSt. 

0201 The entire substrate may be exposed to light to 
allow the remaining unnecessary photosensitive agent con 
tained in the photosensitive transparent acrylic resin to 
completely react after the light exposure and development of 
the interlayer insulating film. With this process, an interlayer 
insulating film with higher transparency can be obtained. 

0202) The surface of the Substrate before the formation of 
the interlayer insulating film may be irradiated with ultra 
violet light. This improves the adhesion between the inter 
layer insulating film and the underlying film. Thus, the 
resultant liquid crystal display device can be stable against 
further processing in the production process. 

0203 The surface of the interlayer insulating film may be 
ashed in an oxygen plasma atmosphere before the formation 
of the film of pixel electrode material. This improves the 
adhesion of the interlayer insulating film and the film of the 
pixel electrode material formed thereon. Thus, the resultant 
liquid crystal display device can be stable against further 
processing in the production process. 

0204. The pixel electrodes with a thickness of 50 nm or 
more can effectively prevent an agent used as a removing 
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Solution from permeating from gaps of the film Surface into 
the resin and the resin from expanding due to the permeation 
of the agent. 
0205 The light irradiation time can be shortened and the 
decoloring efficiency is high by using the i line (wavelength: 
365 nm) having higher energy than visible light. 
0206. As the aperture ratio of the display improves, the 
brightness thereof also improves. Accordingly, the viewing 
angle can be widened by reducing the retardation without 
degrading the contrast. This makes it possible to obtain a 
Significantly wide viewing angle. 
0207 Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the Scope and Spirit of this invention. 
Accordingly, it is not intended that the Scope of the claims 
appended hereto be limited to the description as Set forth 
herein, but rather that the claims be broadly construed. 

What is claimed is: 
1. A transmission type liquid crystal display device com 

prising: gate lines, Source lines, and Switching elements each 
arranged near a crossing of each gate line and each Source 
line, a gate electrode of each Switching element being 
connected to the gate line, a Source electrode of the Switch 
ing element being connected to the Source line, and a drain 
electrode of the Switching element being connected to a 
pixel electrode for applying a Voltage to a liquid crystal 
layer, wherein 

an interlayer insulating film formed of an organic film 
with high transparency is provided above the Switching 
element, the gate line, and the Source line, 

the pixel electrode formed of a transparent conductive 
film is provided on the interlayer insulating film. 

2. A transmission type liquid crystal display device 
according to claim 1, further comprising a connecting elec 
trode for connecting the pixel electrode and the drain 
electrode, wherein 

the interlayer insulating film is provided above the Switch 
ing element, the gate line, the Source line, and the 
connecting electrode, 

the pixel electrode is formed on the interlayer insulating 
film So as to overlap at least the gate line or the Source 
line at least partially, and 

the connecting electrode and the pixel electrode are 
connected with each other via a contact hole formed 
through the interlayer insulating film. 

3. A transmission type liquid crystal display device 
according to claim 1, wherein the interlayer insulating film 
is made of a photoSensitive acrylic resin. 

4. A transmission type liquid crystal display device 
according to claim 1, wherein the interlayer insulating film 
is made of a resin which is made transparent by optical or 
chemical decoloring treatment. 

5. A transmission type liquid crystal display device 
according to claim 1, wherein the pixel electrode and at least 
one of the Source line and the gate line overlap each other by 
1 um or more in a line width direction. 

6. A transmission type liquid crystal display device 
according to claim 1, wherein the thickness of the interlayer 
insulating film is 1.5 um or more. 
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7. A transmission type liquid crystal display device 
according to claim 2, wherein the connecting electrode is 
formed of a transparent conductive film. 

8. A transmission type liquid crystal display device 
according to claim 2, further comprising a Storage capacitor 
for maintaining a Voltage applied to the liquid crystal layer, 

wherein the contact hole is formed above either an 
electrode of the Storage capacitor or the gate line. 

9. A transmission type liquid crystal display device 
according to claim 2, wherein a metal nitride layer is formed 
below the contact hole to connect the connecting electrode 
and the pixel electrode. 

10. A transmission type liquid crystal display device 
according to claim 1, further comprising a Storage capacitor 
for holding a Voltage applied to the liquid crystal layer, 
wherein a capacitance ratio represented by expression (1): 

Capacitance ratio=C/(C+C+C) 

(1) is 10% or less, wherein C. denotes a capacitance 
value between the pixel electrode and the Source line, 
C denotes a capacitance value of a liquid crystal 
portion corresponding to each pixel in an intermediate 
display State, and C denotes a capacitance value of the 
Storage capacitor of each pixel. 

11. A transmission type liquid crystal display device 
according to claim 1, wherein the shape of the pixel elec 
trode is rectangular with a Side parallel to the gate line being 
longer than a side parallel to the Source line. 

12. A transmission type liquid crystal display device 
according to claim 1, further comprising a driving circuit for 
Supplying to the Source line a data Signal of which polarity 
is inverted for every horizontal Scanning period, and the data 
Signal is Supplied to the pixel electrode via the Switching 
element. 

13. A transmission type liquid crystal display device 
according to claim 1, further comprising a Storage capacitor 
for holding a Voltage applied to the liquid crystal layer, the 
Storage capacitor including: a Storage capacitor electrode; a 
Storage capacitor counter electrode; and an insulating film 
therebetween; 

wherein the Storage capacitor electrode is formed in the 
Same layer as either the Source line or the connecting 
electrode. 

14. A transmission type liquid crystal display device 
according to claim 13, wherein the Storage capacitor counter 
electrode is formed of a part of the gate line. 

15. A transmission type liquid crystal display device 
according to claim 13, wherein the pixel electrode and the 
Storage capacitor electrode are connected via the contact 
hole formed above the Storage capacitor electrode. 

16. A transmission type liquid crystal display device 
according to claim 13, wherein the contact hole is formed 
above either the Storage capacitor counter electrode or the 
gate line. 

17. A transmission type liquid crystal display device 
according to claim 1, wherein the interlayer insulating film 
is formed of a photoSensitive resin containing a photosen 
Sitive agent which has a reactive peak at the i line (365 nm). 

18. A method for fabricating a transmission type liquid 
crystal display device, comprising the Steps of: 

forming a plurality of Switching elements in a matrix on 
a Substrate; 
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forming a gate line connected to a gate electrode of each 
Switching element and a Source line connected to a 
Source electrode of the Switching element, the gate line 
and the Source line crossing each other, 

forming a connecting electrode formed of a transparent 
conductive film connected to a Source electrode of the 
Switching element; 

forming an organic film with high transparency above the 
Switching elements, the gate lines, the Source lines, and 
the connecting lines by a coating method and patterning 
the organic film to form an interlayer insulating film 
and contact holes through the interlayer insulating film 
to reach the connecting electrodes, and 

forming pixel electrodes formed of transparent conduc 
tive films on the interlayer insulating film and inside the 
contact holes So that each pixel electrode overlaps at 
least either the gate line or the Source line at least 
partially. 

19. A method according to claim 18, wherein the pattern 
ing of the organic film is conducted by either one of the 
following Steps: 

exposing the organic film to light and developing the 
exposed organic film, or 

etching the organic film by using a photoresist on the 
organic film as an etching mask. 

20. A method according to claim 19, wherein the pattern 
ing of the organic film includes the Steps of: 

forming a photoresist layer containing Silicon on the 
organic film; 

patterning the photoresist layer, and 
etching the organic film by using the patterned photoresist 

layer as an etching mask. 
21. A method according to claim 19, wherein the pattern 

ing of the organic film includes the Steps of: 
forming a photoresist layer on the organic film; 
coating a Silane coupling agent on the photoresist layer 

and oxidizing the coupling agent; 
patterning the photoresist layer, and 
etching the organic film by using the patterned photoresist 

layer covered with the oxidized coupling agent as an 
etching mask. 

22. A method according to claim 20, wherein the etching 
Step is a step of dry etching using an etching gas containing 
at least one of CF, CFH and SF 

23. A method according to claim 18, wherein the organic 
film is formed by using a photoSensitive transparent acrylic 
resin which dissolves in a developing Solution when exposed 
to light, and the interlayer insulating film and the contact 
holes are formed by exposing the photosensitive transparent 
acrylic resin to light and developing the photosensitive 
transparent acrylic resin. 

24. A method according to claim 23, further including the 
Step of, after the light exposure and development of the 
organic film, exposing the entire Substrate to light for 
reacting a photoSensitive agent contained in the photosen 
Sitive transparent acrylic resin, thereby decoloring the pho 
toSensitive transparent acrylic resin. 
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25. A method according to claim 24, wherein a base 
polymer of the photoSensitive transparent acrylic resin 
includes a copolymer having methacrylic acid and glycidyl 
methacrylate and the photoSensitive transparent acrylic resin 
contains a quinonediazide positive-type photoSensitive 
agent. 

26. A method according to claim 23, wherein the photo 
Sensitive transparent acrylic resin for forming the interlayer 
insulating film has a light transmittance of 90% or more for 
light with a wavelength in the range of about 400 nm to 
about 800 nm. 

27. A method according to claim 18, wherein the organic 
film has a thickness of about 1.5 um or more. 

28. A method according to claim 18, further including the 
Step of, before the formation of the organic film, irradiating 
with ultraviolet light a surface of the substrate where the 
organic film is to be formed. 

29. A method according to claim 18, further including the 
Step of, before the formation of the organic film, applying a 
Silane coupling agent on a Surface of the Substrate where the 
organic film is to be formed. 

30. A method according to claim 18, wherein the material 
for forming the organic film contains a Silane coupling 
agent. 

31. A method according to claim 30, wherein the silane 
coupling agent includes at least one of hexamethyl disila 
Zane, dimethyl diethoxy Silane, and n-buthyl trimethoxy. 

32. A method according to claim 18, further including the 
Step of, before the formation of the pixel electrode, ashing 
the Surface of the interlayer insulating film by an oxygen 
plasma. 
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33. A method according to claim 32, wherein the ashing 
Step is conducted after the formation of the contact holes. 

34. A method according to claim 32, wherein the inter 
layer insulating film includes a thermally curable material 
and the interlayer insulating film is cured before the ashing 
Step. 

35. A method according to claim 32, wherein the thick 
neSS of the ashed portion of the interlayer insulating film is 
in the range of about 100 to 500 nm. 

36. A method according to claim 18, wherein the thick 
ness of the pixel electrode is about 50 nm or more. 

37. A method according to claim 25, wherein the inter 
layer insulating film is formed by developing the photosen 
Sitive transparent acrylic resin with tetramethyl ammonium 
hydroxyOxide developing Solution with a concentration of 
about 0.1 mol % to about 1.0 mol %. 

38. A method according to claim 23, further including the 
Step of, after the formation of the contact holes through the 
interlayer insulating film, decoloring the interlayer insulat 
ing film by irradiating the interlayer insulating film with 
ultraviolet light. 

39. A method according to claim 23, further including the 
Step of, before the formation of the organic film, forming a 
silicon nitride film on a Surface of the Substrate where the 

organic film is to be formed. 


