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(57) ABSTRACT 

After a gate line (11), a TFT (1), and a data line (30) are 
formed, a riblike protective insulation layer (32) which coats 
the data line is formed on a substrate (10) serving as the 
element Substrate of an active matrix type color liquid 
crystal display device or an organic EL display device. A 
color filter layer (42) on a transfer film (40) is press-bonded 
on this substrate (10) with a roller (46) moving in the 
extensional direction (columnar direction) of the protecting 
insulation layer (32). The advancement of the transfer of a 
color filter in the columnar direction makes it possible to 
bring the substrate and the color filter in contact without 
gaps while expelling the gas out of a pixel Space in the 
advancement direction. During the Step of forming a color 
filter, the protecting insulation layer (32) protects the data 
line (30) from the treatment liquid etc. An organic light 
emitting element layer is arranged in the pixel Space to form 
an organic EL display device. 
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METHOD FOR FORMING COLOR FILTER, 
METHOD FOR FORMING LIGHT EMITTING 

ELEMENT LAYER, METHOD FOR 
MANUFACTURING COLOR DISPLAY DEVICE 
COMPRISING THEM, OR COLOR DISPLAY 

DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a method of form 
ing a color filter, and more particularly to a method of 
forming a color filter or an emissive element layer on a 
Substrate where a data line, a Switching element, a pixel 
electrode, and the like are formed in devices Such as a color 
liquid crystal display device and a color electroluminescence 
display device, or to Such a display device. 

BACKGROUND ART 

0002 Flat display devices, such as a liquid crystal display 
device, are rapidly gaining widespread use as compact and 
thin display devices. Among Such flat display devices, a 
liquid crystal display device (LCD), for example, is com 
posed of liquid crystal Sealed between first and Second 
Substrates each having an electrode formed on the side 
opposite to each other. In a LCD displaying color images, a 
color filter of R, G, or B is formed corresponding to each 
pixel, thereby controlling the color displayed by each pixel. 

0.003 FIG. 1 illustrates a circuit structure of an active 
matrix type LCD in which the display at each pixel is 
controlled by a Switching element, Such as a thin film 
transistor (TFT) connected to a pixel electrode, provided for 
each pixel. In such an active type LCD, the TFT and the 
pixel electrode are formed on the first Substrate, and a 
common electrode is formed on the Second Substrate pro 
vided opposite to the first Substrate. While a color filter is 
formed in a color active matrix LCD in addition to the 
above-described elements, Such a color filter is usually 
formed on the second Substrate where the above-described 
common electrode is formed in conventional devices. 

0004. When the color filter is formed on the second 
Substrate, alignment between the first and Second Substrates 
must be taken into consideration, and therefore a black 
matrix must be formed on the Second Substrate to compen 
Sate for misalignment. However, the black matrix is a major 
cause of decreasing the aperture ratio of the LCD, and 
therefore improvement is required in LCDS which particu 
larly demand higher aperture ratio. 
0005. In order to eliminate the above-described black 
matrix and improve the aperture ratio, an LCD of the 
So-called on-chip color filter configuration in which a color 
filter is formed on a Substrate for forming the Switching 
element (the first Substrate) has been proposed. In Such an 
on-chip color filter configuration, the need for providing the 
black matrix to cope with misalignment in affixing the 
Second Substrate to the first Substrate can be eliminated. 

0006 FIG. 2 shows a configuration of an on-chip color 
filter in an active matrix LCD. On a first Substrate 10, a data 
line and agate line (not shown in FIG. 2) are formed in a 
matrix as illustrated in FIG. 1, and a TFT 2 (not shown in 
FIG. 2) is formed near the intersection of these lines. The 
gate line and the TFT are first formed on the Substrate, and 
on an insulating film formed to cover these elements the 
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above-described data line 30 and a color filter 50 for each 
pixel are formed. On the color filter 50, a pixel electrode 20 
of indiumtin oxide (ITO) or the like is formed connected to 
the TFT through a contact hole. The first substrate 10 formed 
as described above is affixed to a second substrate 80 having 
a common electrode 82 at the Surface with a liquid crystal 
layer 70 interposed between the substrates. By controlling a 
voltage applied to the liquid crystal layer 70 for each pixel 
with the common electrode 82 and the pixel electrode 20, 
liquid crystal is driven and color display is presented. Use of 
Such an on-chip color filter makes achievement of a bright 
color display possible. 

0007 Although color blur can be diminished by using the 
above-described on-chip color filter, forming a color filter of 
R, G, or B for a corresponding pixel requires a Step of 
etching each color filter formed on the entire Substrate away 
from the unnecessary pixel position So that the color filter 
remains only at the necessary pixel position, and this Step 
must be performed for each of the color filters of R, G, and 
B. 

0008 However, formed under such color filters provided 
on the first Substrate are the TFT for supplying a display data 
Voltage to each pixel electrode, and wirings for Supplying a 
display data Signal and a Scanning Signal to the TFT, as 
described above. Consequently, the underlying wirings and 
a conductive layer of the TFT are prone to erosion and 
oxidation when the color filters are patterned. 

0009 Especially, the data line and the gate line are often 
disposed at the boundary between display electrodes. Par 
ticularly, the data line is often formed of aluminum (Al) 
having a high electric conductivity but Susceptible to erosion 
and oxidation as shown in FIG. 2, and is positioned at the 
boundary between adjoining pixels of the color filters pat 
terned for each pixel as illustrated in FIG. 2. When a color 
filter material including a negative photoresist material and 
pigment mixed thereto is used for the on-chip color filter 
configuration, the color filter can be formed to a desired 
shape by performing light exposure and development on the 
color filter. However, the data line is easily degraded by 
being exposed to alkali developer or the like used for 
patterning the color filter. 

0010. On the other hand, for an LCD with a small pixel, 
Such as an LCD for a view finder, accuracy of patterning of 
the color filter is important because the color filter must be 
carefully made not to extend to the adjacent pixels. How 
ever, it is difficult to obtain color filters having a Sharp 
outline only through developing and etching techniques 
because a photosensitive resin or the like is used as a 
primary material for the color filter and because the filter is 
relatively thick, making it impossible to prevent the color 
filter from extending to adjacent pixel regions. 

0011. In order to solve the above-described problems, an 
object of the present invention is to form an on-chip color 
filter having a sharp outline without adversely affecting 
underlying wirings and the like. 

0012 Another object of the present invention is to pro 
vide a method of Surely preventing formation of a gap 
between a color filter and a Substrate during transfer without 
adversely affecting underlying wirings and the like when the 
on-chip color filter is formed through a transfer method. 
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DISCLOSURE OF THE INVENTION 

0013 In order to achieve the above objects, the present 
invention has the following characteristics. 
0.014. According to the present invention, in a method of 
transferring a color filter layer or an emissive element layer 
provided on a transfer film to a transferred Substrate, the 
transferred film includes a plurality of wirings arranged side 
by Side to extend in a predetermined direction, and a 
protective insulating layer covering the wirings and formed 
as a rib protruding from Said Substrate, the color filter layer 
or the emissive element layer on Said transfer film is affixed 
onto Said transferred Substrate through pressure applied by a 
pressing mechanism, and the pressing mechanism is moved 
in a direction in which Said protective insulating layer 
extends, thereby transferring Said color filter layer onto Said 
transferred Substrate. 

0.015 According to an aspect of the present invention, a 
method of manufacturing a color display device is provided. 
The device comprises, on a Substrate, a plurality of Switch 
ing elements, a data line for Supplying a data Signal to a 
corresponding Switching element among Said plurality of 
Switching elements, a Selection line for Supplying a Selection 
Signal to the corresponding Switching element, a pixel 
electrode directly or indirectly connected to the correspond 
ing Switching element, and a color filter formed under Said 
pixel electrode. In the above method, Said Selection line, Said 
Switching element, and Said data line are first formed on Said 
Substrate, and then a rotective insulating layer is formed 
covering each Said data line extending in a column direction 
and protruding from Said Substrate as a rib, a color filter layer 
on a transfer film is affixed onto Said Substrate through 
preSSure applied by a pressing mechanism, and the pressing 
mechanism is moved in a direction in which said protective 
insulating layer extends, thereby transferring Said color filter 
layer onto Said Substrate. 
0016. According to another aspect of the present inven 
tion, a method of manufacturing a color display device is 
provided. The device comprises a plurality of pixels on a 
Substrate, each of Said plurality of pixels including an 
emissive element including an emissive element layer 
between a first electrode and a Second electrode, a Switching 
transistor connected to a data line and a Selection line, and 
an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source to 
Said emissive element in accordance with a data Signal 
Supplied from a data line through Said Switching transistor. 
In the method, on Said Substrate, after Said data line extend 
ing in a column direction is formed, a protective insulating 
layer is formed covering Said data line and protruding from 
Said Substrate as a rib, the emissive element layer on a 
transfer film is affixed by means of a pressing mechanism 
onto Said first electrode of Said emissive element formed on 
Said Substrate in a region Sandwiched by Said protective 
insulating layers arranged side by Side, and Said pressing 
mechanism is moved in a direction in which said protective 
insulating layer extends, thereby transferring Said emissive 
element layer onto Said first electrode. 
0.017. According to the present invention, wirings such as 
data lines are covered with a protective insulating layer, So 
that degradation of the wirings as a result of exposure to the 
ambient air and a processing Solution for color filters can be 
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prevented during formation of, for example, color filters of 
R, G, and B, and emissive element layers capable of emitting 
light of these colors on the Substrate in Succession. The 
protective insulating layer is formed as a rib covering the 
wirings in the column direction, whereby each pixel Space is 
formed on the Substrate with the protective insulating layer 
acting as either Sidewall in the column direction when the 
color filter and the like is transferred. According to the 
present invention, transfer is performed in the direction in 
which this rib extends (column direction), whereby the color 
filter and the like can be embedded without gaps between the 
filter and the Substrate while the ambient gas is expelled 
forward in the column direction from the above-described 
pixel Space. 

0018. According to a further aspect of the present inven 
tion, a color filter formation method for discharging a liquid 
color filter material to a transferred Substrate, rather than 
transferring a color filter or an emissive element layer with 
the above-described pressing mechanism, is provided in 
which a plurality of wirings are arranged side by Side to 
extend in a predetermined direction, and a protective insu 
lating layer covering the wirings and formed as a rib 
protruding from Said Substrate are provided, the liquid color 
filter material or an emissive element material is discharged 
from a discharging mechanism, and the discharging mecha 
nism is relatively moved in a direction in which Said 
protective insulating layer extends, thereby forming Said 
color filter layer or the emissive element layer on Said 
transferred Substrate. 

0019. Thus, when the liquid color filter material or emis 
Sive element material is discharged from the discharging 
mechanism, the protective insulating layer is used as a 
Sidewall and the material is discharged to the pixel Space 
formed by the protective insulating layer, thereby reliably 
preventing the material from flowing outside the Sidewall, 
i.e. flowing to the pixel Space in the adjacent column, even 
though the liquid material is used. Further, the discharging 
mechanism is relatively moved in the direction in which the 
protective insulating layer extends, thereby further reducing 
the likelihood of attachment of a material for an unintended 
color, and ensuring formation of the material layer at a 
corner of the projecting protective insulating layer and the 
flat Substrate Surface. In addition, Selectively dropping the 
material of the corresponding color from the discharging 
mechanism to the corresponding pixel Space can be 
achieved. Such a Selective discharge does not cause forma 
tion of the material layer in unnecessary regions, thereby 
eliminating any need for removing Such a material layer, and 
therefore contributing to reduction in material cost. 
0020. According to a further aspect of the present inven 
tion, in the above-described color display device or the 
method of manufacturing the same, a color filter block layer 
is provided between a region for forming a contact hole 
electrically connecting layers of Said pixel electrode and Said 
Switching element, and a pixel Space provided So that Said 
protective insulating layer acts as a side edge in the column 
direction. 

0021. The color filter block layer is formed, prior to 
transfer of the color filter, near a region where a contact hole 
for electrically connecting layers of Said pixel electrode and 
Said Switching element is formed, and a passage for expel 
ling the ambient gas in the column direction during transfer 
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of the color filter is secured between the color filter block 
layer and Said protective insulating layer. 

0022. Because the color filter is relatively thick and often 
formed of a material hard to remove once formed, the above 
color filter block layer is effective for providing a structure 
beforehand in which the color filter material is hard to get 
into an area near the contact region, during the formation 
thereof, between the pixel electrode and the Switching 
element, which region significantly affects display quality. 

0023. Further, also in a region where the color filter block 
layer is formed, the color filter can be transferred while 
expelling the ambient gas in the column direction So that the 
color filter can be embedded near this region closely con 
tacting the Substrate. Further, because the color filter block 
layer is thus provided, the thick color filter, often formed of 
a material hard to remove once provided, is not likely to 
penetrate into the area Surrounding the contact region. 
0024. According to a further aspect of the present inven 
tion, a color display device comprises on a Substrate a 
plurality of Switching elements arranged in a matrix, a 
plurality of data lines extending in a column direction for 
Supplying a data Signal to a corresponding Switching ele 
ment among Said plurality of Switching elements, a plurality 
of Selection lines extending in a row direction for Supplying 
a Selection Signal to the corresponding Switching element, a 
pixel electrode disposed in a pixel region Sectioned by Said 
data line and Said Selection line for receiving the data Signal 
through Said corresponding Switching element, and a pro 
tective insulating layer formed covering Said data line, 
wherein a color filter of a color assigned to each pixel is 
further formed in a pixel Space provided So that Said pro 
tective insulating layer acts as either Side edge in the column 
direction. 

0.025 According to a further aspect of the present inven 
tion, a color display device composed of liquid crystal Sealed 
between first and Second Substrates disposed opposite to 
each other comprises, on Said first Substrate, a plurality of 
Switching elements arranged in a matrix, a plurality of data 
lines extending in a column direction for Supplying a data 
Signal to a corresponding Switching element among Said 
plurality of Switching elements, a plurality of Selection lines 
extending in a row direction for Supplying a Selection Signal 
to the corresponding Switching element, a pixel electrode 
disposed in a pixel region Sectioned by Said data line and 
Said Selection line for receiving the data Signal through said 
corresponding Switching element, and driving liquid crystal 
between Said pixel electrode and an electrode on Said Second 
Substrate provided opposite thereto, and a protective insu 
lating layer formed covering Said data line, wherein a color 
filter of a color assigned to each pixel is further formed in 
each pixel Space provided So that Said protective insulating 
layer acts as either Side edge in the column direction. 
0026. According to a further aspect of the present inven 
tion, in the above-described color display device, Said pro 
tective insulating layer has a thickneSS Such that an upper 
Surface thereof is positioned approximately as high as or 
higher than an upper Surface of Said color filter. 
0027. As described above, according to the present 
invention, although the color filter is provided near the 
region for forming the data line, degradation of the data line 
due to exposure to the ambient air and a processing Solution 
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for the color filter when the color filter of the corresponding 
color, i.e. R, G, or B, is formed in Succession for each pixel 
because the data line is covered with the protective insulat 
ing layer. 
0028 Because the protective insulating layer covers the 
data line extending in the column direction, Spaces each 
defined by the protective insulating layer at either side edge 
are formed in the column direction. By forming the color 
filter by embedding or dropping the material in this space as 
described above, mixture of colors at adjoining pixels pro 
vided with color filters of different colors can be easily 
prevented. Especially, by providing the protective insulating 
layer with a sufficient thickness, a sidewall can be formed by 
the protective insulating layer in the column direction for 
each pixel, thereby preventing the color filter of a different 
color from overriding the protective insulating layer to 
penetrate into the adjacent pixel region. 
0029 Naturally, according to the present invention, the 
distance between the color filter and the pixel electrode for 
individually controlling transmitted light is relatively Small 
in, for example, a liquid crystal display device because the 
color filter is provided on the pixel electrode side, thereby 
preventing light transmitted through an adjacent pixel from 
being recognized by a viewer. 
0030. According to a further aspect of the present inven 
tion, a color display device as described above is an elec 
troluminescence display device comprising an electrolumi 
neScence element for each pixel, Said pixel electrode is a first 
electrode of Said electroluminescence element, and emissive 
intensity of Said electroluminescence element is controlled 
in accordance with electric power corresponding to the data 
Signal Supplied to Said first electrode. 
0031. According to a further aspect of the present inven 
tion, a plurality of pixels are provided on a Substrate, each 
pixel including an emissive element including an emissive 
element layer between a first electrode and a Second elec 
trode, a Switching transistor connected to a data line and a 
Selection line, and an element driving transistor connected 
between a driving power Source and Said emissive element 
for controlling electric power Supplied from the driving 
power Source to Said emissive element in accordance with a 
data Signal Supplied from the data line through Said Switch 
ing transistor, wherein a protective insulating layer is formed 
covering at least Said data line extending in a column 
direction, and an emissive element layer capable of emitting 
light of a color assigned to a corresponding pixel among Said 
plurality of pixels is formed in a pixel Space provided So that 
Said protective insulating layer acts as either Side edge in the 
column direction. 

0032. Thus, according to the present invention, the color 
filter layer or the emissive element layer in a color display 
device having an electroluminescence element for each pixel 
is formed by a transfer method or the so-called ink jet 
method while the pixel formation regions in the adjoining 
columns are Spaced apart by the protective insulating layer 
covering the data line as described above, thereby prevent 
ing mixture of colors due to mixture of materials at adjoining 
pixels assigned different colors, So that a color emissive 
display device with high color purity and excellent color 
reproducibility can be achieved. 
0033 According to a further aspect of the present inven 
tion, in the color display device having the above-described 
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electroluminescence element for each pixel, Said protective 
insulating layer has a thickneSS Such that an upper Surface 
thereof is positioned approximately as high as, or lower 
than, an upper Surface of Said emissive element layer. 
0034. Because the second electrode of the electrolumi 
neScence element common to the plurality of pixels, for 
example, is formed on the emissive element layer, the 
Surface on which the Second electrode is formed can be 
made as flat as possible by Satisfying the above-described 
relationship with respect to the thickness of the protective 
insulating layer. Further, because the resistance of the emis 
Sive element layer is often relatively high, problems, Such as 
Short-circuiting, can be avoided even when the protective 
insulating layer is Somewhat Small in height. 
0035. According to a further aspect of the present inven 
tion, a color display device is provided wherein a plurality 
of pixel regions are formed in a matrix on a Substrate, in each 
pixel region at least a Switching element connected to a data 
line and a Selection line, and a pixel electrode receiving 
directly or indirectly a data Signal through Said Switching 
element are disposed, and a color filter of an assigned color 
is formed in a pixel Space provided So that a rib-shaped 
insulating layer formed to extend on a boundary between 
adjoining pixel regions assigned colors different from each 
other acts as either Sidewall in a column direction. 

0036). According to a further aspect of the present inven 
tion, a color display device comprising a plurality of pixels 
on a Substrate is provided in which each pixel includes an 
emissive element including an emissive element layer 
between a first electrode and a Second electrode, a Switching 
transistor connected to a data line and a Selection line, and 
an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source to 
Said emissive element in accordance with a data Signal 
Supplied from the data line through said Switching transistor, 
wherein an emissive element layer capable of emitting light 
of an assigned color is formed in each pixel Space provided 
So that a rib-shaped insulating layer formed to extend on a 
boundary between adjoining pixel regions assigned colors 
different from each other acts as either Sidewall in a column 
direction. 

0037 AS described above, the color filter or the emissive 
element layer can also be easily formed without mixing 
different colors by employing a configuration wherein the 
rib-shaped insulating layer is disposed to extend on the 
boundary between adjoining pixels (pixel regions) assigned 
different colors and the color filter or the emissive element 
layer with the assigned color is formed in a pixel Space 
formed with the rib-shaped insulating layer as either Side 
wall in the column direction. The color filter or the emissive 
element layer can be formed by the above-described transfer 
or discharging method or the like, and either method can 
Simply and reliably prevent mixing of materials for different 
colors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.038 FIG. 1 illustrates a general circuit structure of a 
liquid crystal display device. 

0039 FIG. 2 illustrates a structure of a conventional 
on-chip color filter. 
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0040 FIG. 3 illustrates a planar structure of a color liquid 
crystal display device on a first Substrate Side according to 
a first embodiment of the present invention. 
0041 FIG. 4 schematically illustrates a cross sectional 
structure taken along a line A-A in FIG. 3. 

0042 FIG. 5 schematically illustrates a cross sectional 
structure taken along a line B-B in FIG. 3. 

0043 FIG. 6 is a view for explaining a method of 
forming a color filter according to the first embodiment of 
the present invention. 
0044 FIG. 7 is a view for explaining the steps of forming 
the color filter according to the first embodiment of the 
present invention. 

004.5 FIG. 8 illustrates an equivalent circuit diagram of 
each pixel in an organic EL display device of the active 
matrix type according to a Second embodiment of the 
present invention. 

0046 FIG. 9 schematically illustrates a cross sectional 
Structure of the color organic EL display device according to 
the Second embodiment of the present invention. 

0047 FIG. 10 schematically illustrates a cross sectional 
structure of a first TFT 100 and a storage capacitor Cs, which 
are the components for each pixel of the color organic EL 
display device according to the Second embodiment of the 
present invention. 

0048 FIG. 11 schematically illustrates a cross sectional 
structure of a second TFT 200 and an organic EL element, 
which are the components for each pixel of the color organic 
EL display device according to the Second embodiment of 
the present invention. 

0049 FIG. 12 illustrates a view for explaining a method 
of forming each color filter in the color organic EL display 
device according to the Second embodiment of the present 
invention. 

0050 FIG. 13 illustrates a view for explaining a method 
of forming a color filter according to a third embodiment of 
the present invention. 

0051 FIG. 14 schematically illustrates a cross sectional 
Structure of a color organic EL display device according to 
a fourth embodiment of the present invention. 

0052 FIG. 15 schematically illustrates a cross sectional 
structure of a region Surrounding a first TFT 100 and a 
Storage capacitor Cs, which are the components for each 
pixel of the color organic EL display device according to the 
fourth embodiment of the present invention. 

0053 FIG. 16 illustrates a view for explaining an exem 
plary method of forming an emissive element layer in the 
color organic EL display device according to the fourth 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0054 Preferred embodiments of the present invention 
will next be described with reference to the accompanying 
drawings. 
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0055) First Embodiment 
0056. In a first embodiment, a transfer method in which 
a color filter layer provided on a transfer film is transferred 
to a transferred Substrate is employed as a method of 
forming a color filter layer used in a color display device and 
the like. Further, in the present embodiment, a plurality of 
wirings are arranged Side by Side to extend in a predeter 
mined direction, and a protective insulating layer covering 
Such wirings and protruding from the Substrate in the shape 
of a rib are formed on the transferred substrate prior to 
transfer. As a pressing mechanism for Such a transferred 
Substrate, a transfer roller, for example, is used for attaching 
the color filter layer formed on the roller transfer film 
through pressure, and the roller is moved in a direction in 
which the protective insulating layer extends, thereby accu 
rately transferring the color filter layer to a pixel region 
Sectioned by the protective insulating layer. 
0057 The transferred substrate may be, for example, a 

first Substrate of the liquid crystal display device, or an 
element Substrate in an electroluminescence display device. 
On the substrate are formed a color filter, a plurality of 
Switching elements (such as TFTS), a plurality of data lines 
for Supplying a data Signal to the TFTS, a plurality of gate 
lines for Supplying a Selection Signal to the corresponding 
TFT SWitching element, a pixel electrode connected to the 
TFT, and the like. 
0.058 A color LCD provided with an on-chip color filter 
according to the first embodiment will next be described 
with reference to the drawings. FIG. 3 illustrates a planar 
structure of the color LCD according to the first embodi 
ment, FIG. 4 illustrates a croSS Sectional Structure taken 
along the line A-A in FIG. 3, and FIG. 5 illustrates a cross 
sectional structure near the TFT taken along the line B-B in 
FIG 3. 

0059 Referring to FIG. 3, a gate line 11 and a data line 
30 are formed in the row and column directions, respec 
tively, on a first Substrate 10, and a TFT 1 is formed near 
each intersection of these lines. The TFT 1 includes a gate 
electrode 11, and an active layer 16 having two conductive 
regions (Source and drain regions) and a channel region and 
formed of a polycrystallized silicon (p-Si) layer and the like 
obtained through laser annealing or the like. 
0060. It should be noted that the gate electrode 11 is 
formed in a layer located below the TFT active layer 16, as 
illustrated in FIG. 5, and that therefore the TFT 1 is formed 
as a bottom gate type TFT. Further, in this embodiment, the 
active layer 16 is formed as a pattern traversing the gate line 
11 extending Straight in the row direction, and the portion of 
the gate line 11 Overlapping the active layer 16 acts as the 
gate electrode for each TFT 1, so that the gate line 11 also 
Serves as the gate electrode. 
0061. Over the entire surface of the substrate covering the 
gate line (gate electrode) 11, a gate insulating film 12 is 
formed on which the active layer 16 having the above 
described pattern as illustrated in FIG. 3 is formed, and an 
interlayer insulating film 14 is formed on the active layer 16 
covering the entire Substrate. 
0062) Referring to FIG. 5, a drain region 16d of the 
active layer 16 is connected to the data line 30 formed on the 
interlayer insulating film 14 through a contact hole C1 
penetrating through the interlayer insulating film 14. A 
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Source region 16S is connected to a pixel electrode 20 
formed on a planarization insulating film 18 through a 
contact hole C2 penetrating through the interlayer insulating 
film 14 and the planarization insulating film 18. 
0063) The plurality of data lines 30 are formed of a 
material with a high electric conductivity, Such as aluminum 
(Al), and arranged side by Side in the column direction on 
the Substrate. As described above, the data lines 30 are 
connected to the underlying drain region 16d of the TFT 1 
through the contact hole C2. In the present embodiment, the 
So-called delta arrangement is employed in which the pixels 
of the same color are located shifted for each row as 
illustrated in FIG. 3 in order to achieve high definition color 
display. Therefore, the data line 30 extends through the gaps 
between the pixels located shifted for each row, rather than 
extending Straight in the column direction. Of course, the 
present invention is not limited to the delta arrangement, and 
a Stripe arrangement where the pixels of the same color are 
arranged without being shifted in the column direction is 
also possible. In this arrangement, the data line 30 extends 
Straight in the column direction between pixels. 
0064. In the first embodiment, the data line 30 is covered 
with a thick protective insulating layer 32 acting as a barrier 
Separating adjoining pixels provided with color filters of 
different colors, or as a Sidewall of the region where the 
color filter is formed for each pixel. In other words, the 
protective insulating layer 32 divides pixel regions adjoining 
in the column direction and assigned different colors. 
0065. The protective insulating layer 32 also protects the 
data line 30 from the ambient air and processing Solutions 
(Such as alkali developer for a photosensitive color filter) 
used for the Step of forming a color filter in each pixel 
region, thereby preventing Short circuits and discontinuity in 
the data line. In order to function as a Sidewall for forming 
a color filter, the protective insulating layer 32 preferably has 
a thickness (height) Such that its upper Surface is approxi 
mately flush with that of a color filter 50, as illustrated in 
FIG. 4. By way of example, when the data line 30 has a 
thickness of 0.5 um and the color filters of R, G, and B are 
1.5 lim-2 um in thickness, the protective insulating layer 32 
preferably has a thickness of approximately 1 um or greater. 
In order to form an insulating film as thick as approximately 
1 um, the film is preferably of a material resistant to the 
above-mentioned alkali developer and formed of an insu 
lating material Suitable for forming a thick film, Such as a 
photocuring acrylic resin. It should be noted that the pro 
tective insulating layer 32 is formed by providing the 
above-described acrylic resin layer or the like over the entire 
Substrate Surface and Selectively removing the layer So that 
the resulting layer 32 is in the form of a rib covering the data 
line as illustrated in FIG. 4. 

0066. After forming the protective insulating layer 32, a 
color filter is formed. FIG. 6 illustrates a method of trans 
ferring the color filter according to the present embodiment. 
0067. On the first substrate 10 serving as the transferred 
Substrate during transfer of the color filter, the gate line (gate 
electrode) 11, the TFT 1, the data line 30, and the protective 
insulating layer 32 are formed. The protective insulating 
layer 32 covers the data line 30 and extends in the column 
direction in the form of a rib as described above, thereby 
creating each pixel Space between the adjoining protective 
insulating layerS 32. 
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0068 A color filter layer 42 formed on the surface is 
disposed So as to abut the above-described transferred 
substrate, and affixed to the first substrate 10 through pres 
sure applied by a transfer roller 46 provided on top of a 
transfer film 40. While maintaining such a state where the 
layer is affixed through pressure, the transfer roller 46 is 
moved in the direction in which the protective insulating 
layer 32 (data line 30) extends. By thus moving the transfer 
roller along the direction in which the protective insulating 
layer 32 extends, the color filter layer 42 is transferred while 
expelling the ambient gas from the pixel Space in the 
traveling direction. 
0069. Forming the color filters of R, G, and B for the 
corresponding pixels requires Successive formation of the 
color filters for the respective colors on the Substrate. FIG. 
7 illustrates the concept of an example of patterning of the 
color filters formed in the order of R, G, and B for the 
corresponding pixel. The color filter is formed of a material 
including a negative photoresist material and a pigment 
mixed therein. When Such a material is used, the color filter 
material is removed from the unnecessary position by per 
forming light exposure and development on the filter mate 
rial. 

0070. After the color filter of R is transferred to the entire 
substrate surface as illustrated in FIG. 7(a) by performing 
transfer in the column direction as described with reference 
to FIG. 6, a mask Substrate provided with an exposure mask 
of Cr or the like having an opening only at the position 
where an R pixel will be formed is disposed over the 
transferred color filter, and the Substrate is exposed to light. 
By performing development after light exposure, the R color 
filter 50 embedded at the unexposed pixel spaces for G and 
B is removed, leaving material only at the pixel Space for R. 
Similarly to the R color filter, a color filter of, for example, 
G is transferred to the entire Surface of the Substrate 10, as 
illustrated in FIG. 6. As the R color filter 50 is already 
removed from the other pixel Spaces than the R pixel Space, 
the G color filter 50G is embedded in the spaces for G and 
B pixels having the protective insulating layer as a Sidewall. 
0071. After the transfer, light exposure and development 
are performed using an exposure mask having an opening 
only at the G pixel position, the color filter 50G transferred 
to the pixel Spaces other than the G pixel is removed. Finally, 
the B color filter 50 is transferred to the entire Substrate 
Surface, and light exposure and development Steps are 
performed as illustrated in FIG. 7(c), whereby the color 
filter 50B is embedded in the remaining B pixel space. 
0.072 After such transfer, an etching step is performed 
leaving resist at the positions for R and G pixels, thereby 
removing the color filter 50G embedded in the B pixel space. 
The B color filter 50B is finally transferred to the entire 
substrate surface as illustrated in FIG. 6, whereby the color 
filter 50B is embedded in the remaining B pixel space. 
0073. As can be understood from the above description, 
at least three development (etching) processes are performed 
when the color filters of R, G, and B are used in order to 
form the color filters at the corresponding pixel positions of 
the first Substrate. Because the data line is formed at the 
boundary between the adjoining pixels in the column direc 
tion, it is very likely that the data line located at Such a 
position will be exposed to the developer and to ambient air 
during the above-described Step of forming the color filter. 
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0074. However, according to the present embodiment, 
the data line 30 is covered with the protective insulating 
layer 32 having a Sufficient resistance, thereby ensuring 
protection of the data line 30 from erosion, oxidation, and 
the like from exposure to chemicals in liquid form. Further, 
provision of the Sufficiently thick protective insulating layer 
32 approximately flush with the upper surface of the color 
filter 50 as illustrated in FIG. 4 makes it easy to embed the 
color filters of R, G, and B Separately to the respective pixel 
regions during the transfer Step, to thereby prevent mixture 
in adjoining pixels of color filters of different colors. While 
the rib-shaped protective insulating layer 32 protrudes high 
from the substrate at the step of forming the color filter, 
transfer of the color filter can be achieved while expelling 
the ambient gas because the transfer is performed in the 
direction where the protective insulating layer 32 extends, So 
that the thick color filter 50 can be formed on the first 
Substrate with excellent adhesion. 

0075. After the color filter 50 is formed at each pixel 
position for R, G, and B in the above-described manner, the 
planarization insulating layer 18 is formed over the entire 
Substrate Surface to planarize the upper Surface. The pixel 
electrode 20 is formed of a transparent conductive material, 
Such as ITO, at each pixel position on the planarization 
insulating film 18. The pixel electrode 20 is connected to the 
Source region 16S of the corresponding TFT 1 through the 
contact hole C2 provided penetrating the planarization insu 
lating film 18 and the interlayer insulating film 14 as 
illustrated in FIG. 5, and receives the data signal supplied 
from the data line 30 through the TFT 1. 
0076 On the entire substrate surface covering the pixel 
electrode 20, an alignment film 22 for controlling the initial 
alignment of liquid crystal is formed. The first substrate 10 
provided with all of the above-described elements is bonded 
to the second substrate 80 with a predetermined gap between 
them, and the liquid crystal layer 70 is Sealed in the gap 
formed between the first and second substrates, thereby 
providing a color LCD cell. On the side of the second 
substrate 80 facing the first substrate 10, a common elec 
trode 82 of ITO or the like, and an alignment film 84 are 
formed. The alignment films 22 and 84 on the first and 
second substrates 10 and 80 are rubbingless films, or rubbed 
films. 

0077. A color filter block layer 36 will next be described. 
As illustrated in FIG. 5, the contact hole C2 for connecting 
the pixel electrode 20 and the TFT active layer 16 has a large 
aspect ratio because it penetrates through both the planariza 
tion insulating film 18 and the interlayer insulating film 14, 
and poor contact significantly affects poor display. On the 
other hand, the color filter is thick and hard to remove once 
provided. Therefore, in this embodiment, the color filter 
block layer 36 is provided near the region for forming the 
contact hole C2 prior to the Step of transferring the color 
filter, thereby realizing a structure in which the color filter 
material is hard to get into the region near the contact hole 
C2 during color filter transfer. 

0078. The color filter block layer 36 is formed to have a 
Sufficient thickness (to a level near the height of the upper 
surface of the color filter) near the contact hole C2. The color 
filter block layer 36 is also disposed spaced apart from the 
protective insulating layer 32 to Secure a passage 38 for the 
ambient gas expelled forward during transfer between the 
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layer 36 and the protective insulating layer 32 acting as a 
sidewall. The block layer 36 may be formed, for example, in 
the L-shaped pattern as illustrated in FIG. 6, and the side of 
the L-shaped pattern extending in the row direction is spaced 
apart from the protective insulating layer32. The passage 38 
for expelling the ambient gas during transfer can thus be 
Secured in the portion Separating these elements. In order to 
prevent the color filter from penetrating into the region for 
forming the contact hole C2, the Side of the L-shaped 
patterned block layer 36 extending in the column direction 
is preferably disposed to extend in the direction of transfer 
from the side of the L shape in the row direction. The block 
layer 36 is not limited to the illustrated L-shaped pattern, but 
may be in a U-shaped pattern Surrounding the contact hole 
C2 on three Sides, or in a circular pattern Surrounding the 
hole on all sides and having a central opening, as long as the 
passage 38 is Secured in the column direction. Alternatively, 
a Straight pattern extending in the row direction may also be 
employed, although with Such a configuration the effect is 
diminished. 

007.9 The block layer 36 canbe formed to have a suffi 
cient thickneSS while minimizing the increase in processing 
steps by forming the layer 36 of the same material at the 
Same time as the protective insulating layer 32 forming a rib 
in the column direction. The block layer 36 need not always 
be provided, and may be omitted as required. 
0080 While in the above description the active layer 16 
of the above-described TFT 1 is provided over the gate line 
11 extending in a Straight line at two locations as illustrated 
in FIG. 3 and of the double gate structure in the electrical 
sense, the shape of the TFT 1 is not limited to that illustrated 
in FIG. 3, and may be of a Single gate type rather than the 
double gate type. Further, while a bottom gate TFT in which 
the gate electrode is provided beneath the active layer is 
illustrated as an example in FIG. 5, the top gate TFT in 
which the gate electrode is provided over the active layer 
will not bring any change in the manner of transferring the 
color filter. 

0081) Second Embodiment 
0082) While a color liquid crystal display device has been 
described as an example in the above first embodiment, in a 
Second embodiment of the present invention, an on-chip 
color filter layer similar to that in the first embodiment is 
employed in a color EL display device in which an organic 
EL element and the like is used for each pixel as a display 
element. Description thereof will next be made with refer 
ence to the drawings. Portions which correspond to those 
already described are labeled with the Same numerals and 
characters and will be described only briefly. FIG. 8 illus 
trates an equivalent circuit Structure of each pixel in the 
So-called active matrix organic EL display device having a 
Switching element for each pixel for individually controlling 
an organic EL element 500. 
0.083. As illustrated in FIG. 8, each pixel of the organic 
EL display device includes, for example, the organic EL 
element 500, a first TFT (switching thin film transistor) 100, 
a second TFT (element driving thin film transistor), and a 
storage capacitor Cs. The first TFT 100 has a gate connected 
to a gate line (GL) 310 extending in the row direction, and, 
when the transistor is an n-channel TFT, a drain connected 
to a data line (DL) 300 receiving a data Signal and a Source 
connected to a first electrode of the Storage capacitor CS and 
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a gate of the second TFT 200. The storage capacitor Cs is 
formed of the first and Second electrodes facing each other 
with a gate insulating film interposed between them, as 
described hereinafter. The Second electrode is connected to 
a common capacitor line (SL) 312. 
0084. When the second TFT 200 is a p-channel TFT, a 
Source thereof is connected to a driving power Source line 
(VL) 302 wired from a common driving power source Pvdd, 
and a drain thereof is connected to an anode of the organic 
EL element 500 of a diode structure. The gate of the second 
TFT 200 receives a voltage, applied from the data line 300 
when the first TFT 100 is turned on by a selection signal, in 
accordance with a data Signal held by the Storage capacitor 
Cs. The second TFT 200 supplies a current in accordance 
with a gate Voltage to the anode of the organic EL element 
500 from the driving power source line 302, and the organic 
EL element 500 emits light at an intensity in accordance 
with the Supplied current. 

0085 FIG. 9 schematically illustrates a cross sectional 
Structure of each pixel of the color organic EL display device 
according to the second embodiment. FIGS. 10 and 11 
Schematically illustrate a croSS Sectional Structure of the 
above first TFT 100, and the above second TFT 200 and the 
organic EL element 500, respectively. Both of the first and 
second TFTs 100 and 200 are of the top gate structure in this 
example. The active layers 116 and 216 of the respective 
TFTs are both formed of a polycrystalline silicon layer 
Simultaneously obtained by polycrystallizing an amorphous 
Silicon layer formed on a transparent Substrate 101 of glass 
or the like through laser annealing. 

0086) First, in the first TFT 100, a gate insulating film 12 
is formed on the active layer 116 as illustrated in FIG. 10, 
and a gate electrode 310 integral with the gate line (GL) is 
formed on the gate insulating film 12. The first TFT 100 
illustrated in FIG. 10 is of the double gate structure. The 
region of the active layer 116 located directly under the gate 
electrode 310 is a channel region, on both sides of which are 
formed a drain region 116d and a Source region 116S having 
impurities doped thereto. The source region 116s of the first 
TFT 100 also serves as the first electrode of the storage 
capacitor Cs, whose Second electrode is formed of the same 
material at the same time as the gate electrode 310 on the 
gate insulating film 12. The interlayer insulating film 14 is 
formed on the gate electrode 310, the second electrode of the 
Storage capacitor Cs, and the gate insulating film 12. The 
data line (DL) 300 also serving as a drain electrode is 
connected to the drain region 116d of the first TFT 100 
through a contact hole formed penetrating the interlayer 
insulating film 14 and the gate insulating film 12. The 
planarization insulating film 18 is formed over the entire 
Substrate Surface covering the above-described elements. 

0087. In the second TFT 200, a gate electrode 211 is 
formed on the gate insulating film 12 Similarly as in the first 
TFT 100 as illustrated in FIG. 11, and is electrically 
connected to the first electrode of the above-described 
storage capacitor Cs. In the second TFT 200, a source 
electrode, for example, integral with the driving power 
source line (VL) 302 is connected to a source region 216s of 
the active layer 216 through the contact hole formed pen 
etrating the interlayer insulating film 14 and the gate insu 
lating film 12. Through the contact hole C2 penetrating the 
planarization insulating film 18 formed to cover the above 
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elements, the interlayer insulating film 14, and the gate 
insulating film 12, an anode 502 of the organic EL element 
500 formed of ITO or the like and a drain region 216d of the 
active layer 216 are connected. 

0088. The organic EL element 500 includes the anode 
502, an emissive element layer 510, and a cathode 520. The 
anode 502 is formed separately for each pixel as illustrated 
in FIG. 9, while the cathode 520 made of a metal, Such as 
Al, is formed in common to the respective pixels. The 
emissive element layer 510 includes an organic material as 
a main component, and at least includes an emissive layer 
506 having an organic emissive material. By way of 
example, in the illustrated element a hole transportation 
layer 504, the emissive layer 506, and an electron transport 
layer 508 are formed in that order on the anode 502. In this 
second embodiment, of the emissive element layer 510, only 
the emissive layer 506 is patterned individually for each 
pixel similarly to the anode 502. The material of the respec 
tive layers of the organic EL element 500 is not particularly 
limited in the Second embodiment, and conventionally 
known materials, Such as Small molecular organic materials 
or macromolecular organic materials, and new materials 
with similar functions may be used to form these layers. By 
way of example, the respective layers of the emissive 
element layer 510 described here are formed of a small 
molecular organic material through a vacuum evaporation or 
printing method. When macromolecular organic materials 
are used, the emissive element layer 510 can be formed by, 
for example, an inkjet method as described hereinafter, but 
the formation method of the layer 510 is not limited to those 
described herein. 

0089. According to the second embodiment, in the active 
matrix organic EL display device described above, the color 
filter layer 50 is separately provided for each pixel between 
the planarization insulating film 18 provided under the 
anode 502 for each pixel and the interlayer insulating film 
14, as illustrated in FIGS. 9 and 11, similarly as in the first 
embodiment. Further, as schematically illustrated in FIG. 9, 
the protective insulating layer 32 formed as a rib covering 
each data line 300 disposed in the column direction on the 
substrate forms a sidewall for forming a color filter. The 
corresponding color filter layer 50 of R, G, and B is 
embedded in a pixel region formed using this Sidewall as a 
boundary. Although not illustrated in the figure, when the 
driving power source line VL 302 formed of the same 
material as the data line 300 is disposed in parallel thereto, 
the driving power source line VL 302 is covered with a 
Similar protective insulating layer 32, So that the color filter 
layer 50 is embedded in the pixel region sectioned by the 
protective insulating layer 32 covering the data line 300 and 
the protective insulating layer 32 covering the driving power 
Source line 302. However, the driving power source line 302 
may be formed of a layer provided in common to all the 
pixels, and in Such a case the protective insulating layer 32 
covering the data line 300 functions as a boundary, as 
illustrated in FIG. 12. 

0090 The color filter layer 50 is formed similarly as in 
the first embodiment. As illustrated in FIG. 12, the color 
filter layer 42 provided on the transfer film 40 is pressed 
against the Substrate 101 by means of the transfer roller 46, 
which is moved forward in the direction in which the 
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protective insulating layer extends, thereby transferring the 
color filter layer 50 onto the substrate (actually onto the 
interlayer insulating film 14). 

0091. The color filter layer 50 formed in this manner is 
not mixed with the color filter layer 50 for another color 
because they are separated by the protective insulating layer 
32 formed between the layers in adjoining columns to act as 
a barrier, and can be formed in a Sharp pattern under the 
anode 502 of each organic EL element 500. When the color 
filter layer 50 is thus provided on the Substrate where the 
organic element 500 is formed, the organic EL element 500 
for each pixel can be formed of, for example, a material in 
common to all the pixels. In connection with the example 
illustrated in FIG. 9, an organic material capable of emitting 
white light, for example, can be used for the emissive layer 
506 formed in an individual pattern for each pixel. White 
light can be obtained by injecting, to the above-described 
emissive layer 506 capable of emitting white light, holes 
from the anode 502 through the hole transport layer 504, and 
electrons from the cathode 520 through the electron trans 
port layer 508. Such white light is transmitted through the 
transparent anode 502 and then the color filter layer 50 of R, 
G, or B, and through the transparent substrate 101 to outside 
as desired light of R, G, or B, to thereby achieve full color 
display. When the color filter layer 50 is provided with a 
function for converting to a desired color, elements emitting 
light of any other color can be used for all the pixels. In the 
structure of FIG. 9, the anode 502 of the organic EL element 
500 for each pixel is separated from the anode 502 of the 
organic EL element 500 for an adjacent pixel by a second 
planarization insulating layer 518. Also in this embodiment, 
the active layer (216d) of the second TFT 200 is connected 
to the anode 502 of the organic EL element 500 through the 
very deep contact hole C2, and the color block layer 36 is 
preferably formed near the region where the contact hole C2 
is formed similarly to the first embodiment, as illustrated in 
FIG. 11. 

0092. Third Embodiment 
0093 FIG. 13 illustrates a concept of forming a color 
filter layer 51 according to a third embodiment of the present 
invention. In the first and second embodiments described 
above, the color filter layer 42 formed on the transfer film 40 
is transferred to the substrate using the transfer roller 46, 
thereby embedding the color filter layer 50 in each pixel 
region, as illustrated in FIG. 6. On the other hand, in the 
third embodiment, an inkjet printing method is employed in 
which a discharging device 47 Similarly to that in an inkjet 
printer is used for discharging a liquid color filter material 43 
toward the pixel region. It should be noted, however, that the 
color filter layer 51 is formed using as a barrier the protec 
tive insulating layer 32 formed as a rib and Separating the 
respective pixel regions in the column direction, Similarly as 
in the above first and second embodiments. 

0094. The illustrated discharging device 47 includes a 
nozzle head having Small nozzle holes 45 arranged therein, 
and a drop 43 of the liquid color filter material can be 
Selectively discharged from each nozzle hole 45. According 
to the third embodiment, the discharging device 47 is 
positioned with respect to the substrate 10 so that the nozzle 
holes 45 are arranged perpendicular to the protective insu 
lating layer 32 extending in the column direction, and the 
color filter material 43 of the corresponding color is Selec 
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tively discharged from the corresponding nozzle hole 45 to 
the pixel formation region provided in the form of a groove 
using the protective insulating layer 32 as a barrier Separat 
ing the pixels in adjoining columns. 
0.095 By selectively discharging the color filter material 
43 of the corresponding color to the region (groove region) 
of the same color from the nozzle hole 45, the color filter 
layer 51 necessary for each pixel region can be formed with 
the required minimum color filter material 43. It is, of 
course, possible to use a method where the color filter 
material 43 for red, for example, is first discharged to the 
entire region and Solidified through, for example, annealing 
to form the R color filter layer 51, and then the R color filter 
layer 51 is removed from the unnecessary regions, followed 
by similar formation of the G and B color filter layers 51, as 
illustrated in FIG. 7. However, discharging the color filter 
material 43 of the corresponding color only to the corre 
sponding region from the nozzle hole is preferable from the 
Viewpoint of material cost reduction. 
0.096 Such a method ensures that the liquid color filter 
material 43 is accumulated in the groove region for pixel 
formation having the protecting insulating layer 32 as a 
sidewall, thereby providing a sufficiently thick color filter 
layer 51 by solidifying the material. In addition to the fact 
that the pixel formation regions for different colors disposed 
in adjoining columns are separated by the protective insu 
lating layer 32, according to the third embodiment the 
discharging device 47 discharges the color filter material 43 
while moving in the direction in which the protective 
insulating layer 32 extends (in the column direction) Simi 
larly to the above-described first and second embodiments 
(alternatively, the substrate may be moved). Therefore, it is 
possible to reliably prevent the color filter material 43 of one 
color from being mixed with that of another color discharged 
to the pixel formation region in the adjacent column from the 
discharging device 47. 

0097. Fourth Embodiment 
0098. In a fourth embodiment of the present invention, 
the emissive element layer used in devices Such as the color 
organic EL display device described in connection with the 
Second embodiment is formed by a printing method similar 
to the method for the color filter layer described in the 
respective embodiments above. FIG. 14 schematically illus 
trates a croSS Sectional Structure of each pixel of a color 
organic EL display device according to the fourth embodi 
ment. The circuit Structure of each pixel in this display 
device is the same as that in FIG. 8 referred to in the above 
description. FIG. 15 illustrates a cross sectional structure of 
an area surrounding the region for forming the first TFT 100 
connected to the data line 300 for each pixel. 
0099. According to the fourth embodiment, the data line 
300 for Supplying a data Signal to each pixel and the driving 
power source line 302 provided in parallel to the data line 
300 are covered with a protective insulating layer 332. (The 
driving power source line 302 is not illustrated in FIG. 15.) 
0100. A sufficient thickness can be secured for the pro 
tective insulating layer 332 by using an acrylic resin or the 
like similarly to the protective insulating layer 32 in the first 
embodiment. The layer 332 protects the data line 300 and the 
driving power Source line 302, and Separates pixels of 
different colors in adjoining columns. The driving power 

Dec. 19, 2002 

Source line 302 maybe formed in another layer in common 
to the respective pixels, and may not be formed of the same 
material layer as the data line 300, in which case a plurality 
of pixels are Sectioned by the protective insulating layer 332 
covering the data line 300 for each column. 
0101. As illustrated in FIG. 14, the anode 502 of each 
organic EL element 500 is formed on the interlayer insulat 
ing film 14 (a planarization insulating layer may further be 
formed). The above-described protective insulating layer 
332 is provided in a protruding manner on either side of the 
anode 502 in the column direction, Sectioning the pixel 
formation regions in adjacent columns. Instead of, for 
example, the color filter layer 42 illustrated in FIG. 12, the 
transfer film 40 to which is attached the respective material 
layers forming the emissive element layer 510 (the hole 
transport layer 504, the emissive layer 506, and the electron 
transport layer 508 in this example) is used and pressed 
against the substrate 101 with the transfer roller 46, so that 
the transfer film 40 is transferred onto the substrate (anode 
502) in the direction where the protective insulating layer 
332 extends. To the pixel regions emitting different colors 
and located adjacent to each other, the transfer film 40 to 
which the corresponding different materials are attached is 
used and transferred. 

0102. By thus employing the method of embedding the 
emissive element layer in pixel formation regions by the 
transfer method using the Sufficiently thick protective insu 
lating layer 332, the materials can be prevented from mixing 
at pixels in adjoining columns, even when different emissive 
element materials are used for these pixels, and the emissive 
element materials are clearly Separated from each other at 
the adjoining pixels. As a result, light with high color purity 
can be emitted in each organic EL element 500. It should be 
noted that the emissive element layer 510 at least includes an 
emissive material (emissive layer) as described above, and 
that, when the organic EL element 500 emits different colors, 
the emissive layer is formed of materials different for each 
emitted color. Accordingly, at least for the emissive layer, 
the protective insulating layer 332 is advantageously used 
for Separating adjoining columns assigned different colors. 
0103). Further, in the fourth embodiment, the protective 
insulating layer 332 preferably has a thickness Such that the 
upper surface of the emissive element layer 510 for each 
pixel is flush with the upper Surface of the protective 
insulating layer 332 because the layer 332 forms a boundary 
between adjoining pixels when the emissive element layer 
510 is formed. An excessively thick layer is not preferable 
because it results in a difference in levels at the cathode 520 
of the organic EL element 500 formed in common to the 
respective pixels on the emissive element layer 510. 
0104 Further, in the fourth embodiment, the color filter 
layer 50 may be formed under the anode 502 of each organic 
EL element 500 as in the second embodiment illustrated in 
FIG. 9, and the emissive element layer 510 of the organic 
EL element 500 may be formed by the printing method using 
the Similar protective insulating layer 332 as a Sidewall. 
0105. The emissive element layer 510 may be formed 
through printing by the inkjet method described in connec 
tion with the above third embodiment. FIG. 16 illustrates a 
concept of forming the emissive element layer 510 through 
the inkjet method. 
0106 When, for example, a macromolecular emissive 
material or the like is used as a material for the emissive 
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element layer, the layer can be formed on the Substrate by 
discharging the macromolecular emissive material in a liq 
uid State using the discharging device 47 according the 
so-called ink jet method, as illustrated in FIG. 16. An 
emissive element layer 510 composed only of the high 
molecular weight emissive material layer is also commonly 
observed. 

0107. In such a case, as the protective insulating layer 
332 is formed covering the data line 300 as described above, 
the emissive element layer 510 can be formed very simply 
without blur by discharging an emissive element material 
430 from the discharging device 47 to the pixel formation 
region Sectioned for each column of an identical color using 
the protective insulating layer 332 as a sidewall. While 
pixels of different colors are usually disposed proximate to 
each other with the data line 300 (and the driving power 
Source line 302 when formed) acting as a boundary, even 
with Such a structure, the liquid emissive element material 
430 can be reliably prevented from flowing into and mixing 
in the pixel formation region in an adjacent column. Simi 
larly as in the third embodiment, the discharging device 47 
is relatively moved in the direction where the protective 
insulating layer 332 extends (the column direction in this 
example), So that the likelihood that the emissive element 
material 430 of an unintended color, for example, drops 
from the nozzle hole 45 is diminished, thereby further 
helping to prevent mixture of emissive element materials of 
different colors. Further, because the direction of movement 
of the discharging device 47 coincides with the direction in 
which the protective insulating layer 332 extends, the emis 
sive element material 430 can be accurately and reliably 
dropped to a corner region of the surface of the substrate 101 
(anode 502) and the sidewall of the pixel formation region 
formed by the protective insulating layer 332, thereby pre 
venting a flaw in the emissive element pattern. 
0108 Further, by employing a method of selectively 
discharging the corresponding emissive element material of 
R, G, or B from the nozzle hole 45 to a corresponding 
position Simultaneously or separately for each color of R, G, 
and B, the respective emissive element layers of R, G, and 
B can be formed with the minimum amount of materials, 
Significantly contributing to reduction in material costs. 
0109 While the protective insulating layers 32 and 332 
have been described as covering the data line in the above 
embodiments, the data line need not be directly covered 
when the data line is not exposed at the Surface where the 
protective insulating layers 32 and 332 is formed for, for 
example, convenience of manufacturing Steps. However, 
also in Such a structure, the above-described protective 
insulating layer is disposed as a rib-shaped insulating layer 
extending on the boundary of pixel regions assigned differ 
ent colors and located adjacent to each other, and the 
rib-shaped insulating layer forms a Sidewall located on 
either Side of each pixel Space in the column direction, So 
that in Such a pixel Space the emissive element layer and the 
color filter of the assigned color are formed. Also with Such 
a structure, the color filter and the emissive element layer 
can be formed without being mixed with those of different 
colors similarly as in the above-described embodiments. The 
color filter and the emissive element layer can be formed 
through the above-described transfer method, discharging 
method, or the like, and the mixing of different color 
materials can be simply and reliably prevented irrespective 
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of the method employed. For example, when in the Structure 
of FIG. 15 the planarization insulating layer 18 as illustrated 
in FIG. 11 is formed covering the interlayer insulating film 
14 and the data line 300 and the anode 502 of the organic EL 
element 500 is formed thereon, a rib-shaped insulating layer 
having a Sufficient height as the protective insulating layer 
332 in FIG. 15 is formed over the region where the data line 
300 is formed. Using this rib-shaped insulating layer as a 
Sidewall for an emissive region, the emissive element layer 
is formed at this space through the inkjet or transfer method. 

Effects of the Invention 

0110. As described above, according to the present inven 
tion, transfer of a color filter or discharge of a color filter 
material is performed in the direction in which a rib-shaped 
protective insulating layer covering the wiring extends. AS a 
result, the color filter or an emissive element layer can be 
formed embedded between the protective insulating layers 
without any gaps while expelling the ambient gas in the 
transfer direction or the direction in which the discharging 
device is moved. 

0111 Because the color filter is formed on the protective 
insulating layer covering the wiring, it is possible to prevent 
degradation of the wiring through exposure to the processing 
Solution or ambient air during the Step of patterning the color 
filter. 

0112 Further, because the protective insulating layer is 
formed as a rib, the insulating layer acts as a boundary wall 
between adjoining pixels, thereby preventing mixture of 
emissive element layers or color filter materials of different 
colors near the boundary. 
0113 Further, according to the present invention, the data 
line is covered with the protective insulating layer, So that 
degradation of the data line during the Step of forming the 
color filter is prevented while employing an on-chip color 
filter method with less color blur, and that mixture of color 
filter materials of different colors can be reliably prevented 
between adjoining pixels with the protective insulating layer 
acting as a boundary therebetween. Consequently, color 
display with high display quality can be achieved. 
0114. Further, according to the present invention, the 
protective insulating layer formed as a rib as described 
above is used as a boundary wall between pixel formation 
regions, and a layer of the emissive element material and the 
like of the organic EL element is formed at this region 
through a method Such as the above-described transfer or 
discharge method, thereby forming the emissive element 
layer without mixture of materials for different colors. 

Industrial Applicability 
0115 The present invention is suitable for use in color 
display devices, Such as a color liquid crystal display device 
and a color EL display device. 

1. A color filter formation method for transferring a color 
filter layer provided on a transfer film to a transferred 
Substrate, wherein 

Said transferred Substrate includes a plurality of wirings 
arranged side by Side to extend in a predetermined 



US 2002/0192576A1 

direction, and a protective insulating layer covering the 
wirings and formed as a rib protruding from Said 
Substrate, and 

said color filter layer on said transfer film is affixed onto 
Said transferred Substrate through preSSure applied by a 
pressing mechanism, and the pressing mechanism is 
moved in a direction in which Said protective insulating 
layer extends, thereby transferring Said color filter layer 
onto Said transferred Substrate. 

2. A color filter formation method for discharging a liquid 
color filter material to a transferred Substrate, wherein 

Said transferred Substrate includes a plurality of wirings 
arranged side by Side to extend in a predetermined 
direction, and a protective insulating layer covering the 
wirings and formed as a rib protruding from Said 
Substrate, and 

Said liquid color filter material is discharged from a 
discharging mechanism, and the discharging mecha 
nism is relatively moved in a direction in which Said 
protective insulating layer extends, thereby forming a 
color filter layer on Said transferred Substrate. 

3. An emissive element layer formation method for trans 
ferring an emissive element layer provided on a transfer film 
to a transferred Substrate, wherein 

Said transferred Substrate includes a plurality of wirings 
arranged side by Side to extend in a predetermined 
direction, and a protective insulating layer covering the 
wirings and formed as a rib protruding from Said 
Substrate, and 

an emissive layer on Said transfer film is affixed onto Said 
transferred Substrate through pressure applied by a 
pressing mechanism, and the pressing mechanism is 
moved in a direction in which Said protective insulating 
layer extends, thereby transferring Said emissive ele 
ment layer onto Said transferred Substrate. 

4. An emissive element layer formation method for dis 
charging a liquid emissive element material to a transferred 
Substrate, wherein 

Said transferred Substrate includes a plurality of wirings 
arranged side by Side to extend in a predetermined 
direction, and a protective insulating layer covering the 
wirings and formed as a rib protruding from Said 
Substrate, and 

Said liquid emissive element material is discharged from 
a discharging mechanism, and the discharging mecha 
nism is relatively moved in a direction in which Said 
protective insulating layer extends, thereby forming 
Said emissive element layer on Said transferred Sub 
Strate. 

5. A method of manufacturing a color display device 
comprising, on a Substrate, a plurality of Switching elements, 
a data line for Supplying a data Signal to a corresponding 
Switching element among Said plurality of Switching ele 
ments, a Selection line for Supplying a Selection Signal to 
Said corresponding Switching element, a pixel electrode 
directly or indirectly connected to Said corresponding 
Switching element, and a color filter formed under Said pixel 
electrode, wherein 

Said Selection line, Said Switching element, and Said data 
line are formed on Said Substrate, and then a protective 
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insulating layer is formed covering at least each Said 
data line extending in a column direction and protrud 
ing from Said Substrate as a rib, and 

a color filter layer on a transfer film is affixed onto said 
Substrate through pressure applied by a pressing 
mechanism, and the pressing mechanism is moved in a 
direction in which said protective insulating layer 
extends, thereby transferring Said color filter layer onto 
Said Substrate. 

6. A method of manufacturing a color display device 
according to claim 5, wherein, prior to transfer of Said color 
filter, 

a color filter block layer is formed near a region for 
forming a contact hole for electrically connecting lay 
ers of Said pixel electrode and Said Switching element, 
and 

a passage for expelling ambient gas in the column direc 
tion during transfer of the color filter is Secured 
between the color filter block layer and said protective 
insulating layer. 

7. A method of manufacturing a color display device 
according to claim 5 or 6, wherein 

Said color display device is a color liquid crystal display 
device for controlling liquid crystal by a Voltage cor 
responding to the data Signal applied to Said pixel 
electrode. 

8. The method of manufacturing a color display device 
according to claim 5 or 6, wherein 

Said color display device is a color electroluminescence 
display device comprising an electroluminescence ele 
ment for each pixel, Said pixel electrode is a first 
electrode of Said electroluminescence element, and 
emissive intensity of Said electroluminescence element 
is controlled in accordance with electric power corre 
sponding to the data Signal Supplied to the first elec 
trode. 

9. A method of manufacturing a color display device 
comprising a plurality of pixels on a Substrate, each of Said 
plurality of pixels including: 

an emissive element including an emissive element layer 
between a first electrode and a Second electrode, 

a Switching transistor connected to a data line and a 
Selection line, and 

an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source 
to Said emissive element in accordance with a data 
Signal Supplied from a data line through Said Switching 
transistor, wherein 

on Said Substrate, after Said data line extending in a 
column direction is formed, a protective insulating 
layer is formed covering Said data line and protrud 
ing from Said Substrate as a rib, and 

the emissive element layer on a transfer film is affixed 
by means of a pressing mechanism onto Said first 
electrode of Said emissive element formed on Said 
Substrate in a region Sandwiched by Said protective 
insulating layers arranged Side by Side, and Said 
pressing mechanism is moved in a direction in which 
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Said protective insulating layer extends, thereby 
transferring Said emissive element layer onto Said 
first electrode. 

10. A method of manufacturing a color display device 
comprising a plurality of pixels on a Substrate, each of Said 
plurality of pixels including: 

an emissive element including an emissive element layer 
between a first electrode and a Second electrode, 

a Switching transistor connected to a data line and a 
Selection line, and 

an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source 
to Said emissive element in accordance with a data 
Signal Supplied from a data line through Said Switching 
transistor, wherein 

after Said data line extending in a column direction is 
formed, a protective insulating layer is formed cov 
ering Said data line and protruding from Said Sub 
Strate as a rib on Said Substrate, and 

a liquid emissive element material is discharged from a 
discharging mechanism, and Said discharging 
mechanism is moved in a direction in which said 
protective insulating layer extends, thereby forming 
Said emissive element layer on Said first electrode of 
Said emissive element. 

11. A color display device, comprising, on a Substrate: 
a plurality of Switching elements arranged in a matrix; 
a plurality of data lines extending in a column direction 

for Supplying a data Signal to a corresponding Switch 
ing element among Said plurality of Switching ele 
ments, 

a plurality of Selection lines extending in a row direction 
for Supplying a Selection Signal to the corresponding 
Switching element; 

a pixel electrode disposed in a pixel region Sectioned by 
Said data line and Said Selection line for receiving 
directly or indirectly the data Signal through Said cor 
responding Switching element; and 

a protective insulating layer formed covering Said data 
line, wherein 

a color filter of a color assigned to each pixel is further 
formed in a pixel Space provided So that Said pro 
tective insulating layer acts as a Side edge in the 
column direction. 

12. A color display device composed of liquid crystal 
Sealed between first and Second Substrates disposed opposite 
to each other, comprising, on Said first Substrate: 

a plurality of Switching elements arranged in a matrix; 
a plurality of data lines extending in a column direction 

for Supplying a data Signal to a corresponding Switch 
ing element among Said plurality of Switching ele 
ments, 

a plurality of Selection lines extending in a row direction 
for Supplying a Selection Signal to the corresponding 
Switching element; 
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a pixel electrode disposed in a pixel region Sectioned by 
Said data line and Said Selection line for receiving the 
data Signal through Said corresponding Switching ele 
ment, and driving liquid crystal between Said pixel 
electrode and an electrode on Said Second Substrate 
provided opposite thereto, and 

a protective insulating layer formed covering Said data 
line, wherein 
a color filter of a color assigned to each pixel is further 
formed in each pixel Space provided So that Said 
protective insulating layer acts as a Side edge in the 
column direction. 

13. A color display device according to claim 11 or 12, 
further comprising a color filter block layer between a region 
for forming a contact hole electrically connecting layers of 
Said pixel electrode and Said Switching element, and a pixel 
Space provided So that said protective insulating layer acts as 
a side edge in the column direction. 

14. A color display device according to any one of claims 
11-13, wherein 

Said protective insulating layer has a thickness Such that 
an upper Surface thereof is positioned approximately as 
high as or higher than an upper Surface of Said color 
filter. 

15. A color display device according to any one of claims 
11-14, wherein 

Said color display device is a color liquid crystal display 
device for controlling liquid crystal by a Voltage cor 
responding to the data Signal applied to said pixel 
electrode. 

16. A color display device according to any one of claims 
11-14, wherein 

Said color display device is an electroluminescence dis 
play device comprising an electroluminescence ele 
ment for each pixel, and 

Said pixel electrode is a first electrode of Said electrolu 
minescence element, and emissive intensity of Said 
electroluminescence element is controlled in accor 
dance with electric power corresponding to the data 
Signal Supplied to Said first electrode. 

17. A color display device comprising a plurality of pixels 
on a Substrate, each pixel including: 

an emissive element including an emissive element layer 
between a first electrode and a Second electrode, 

a Switching transistor connected to a data line and a 
Selection line; and 

an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source 
to Said emissive element in accordance with a data 
Signal Supplied from the data line through Said Switch 
ing transistor, wherein 
a protective insulating layer is formed at least covering 

Said data line extending in a column direction; and 
an emissive element layer capable of emitting light of 

a color assigned to a corresponding pixel among Said 
plurality of pixels is formed in a pixel Space provided 
So that Said protective insulating layer acts as a Side 
edge in the column direction. 
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18. A color display device according to claim 17, wherein 

Said protective insulating layer has a thickneSS Such that 
an upper Surface thereof is positioned approximately as 
high as or lower than an upper Surface of Said emissive 
element layer. 

19. A color display device, wherein 

a plurality of pixel regions are formed in a matrix on a 
Substrate; 

in each pixel region, at least a Switching element con 
nected to a data line and a Selection line, and a pixel 
electrode receiving directly or indirectly a data Signal 
through Said Switching element are disposed; and 

a color filter of an assigned color is formed in a pixel 
Space provided So that a rib-shaped insulating layer 
formed to extend on a boundary between adjoining 
pixel regions assigned colors different from each other 
acts as a Sidewall in a column direction. 
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20. A color display device comprising a plurality of pixels 
on a Substrate, each pixel including: 

an emissive element including an emissive element layer 
between a first electrode and a Second electrode, 

a Switching transistor connected to a data line and a 
Selection line; and 

an element driving transistor connected between a driving 
power Source and Said emissive element for controlling 
electric power Supplied from the driving power Source 
to Said emissive element in accordance with a data 
Signal Supplied from the data line through Said Switch 
ing transistor, wherein 
an emissive element layer capable of emitting light of 

an assigned color is formed in each pixel Space 
provided So that a rib-shaped insulating layer formed 
to extend on a boundary between adjoining pixel 
regions assigned colors different from each other acts 
as a Sidewall in a column direction. 
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