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(57) 
An object of the invention is to improve patterning accuracy 
While maintaining loW cost, high throughput and a high 
degree of freedom of an optical material in a matrix type 
display device and a manufacturing method thereof. In order 
to achieve the object, surface features, including structural 
surface features, a desired distribution of Water repellency, 
liquid repellency, hydrophilicity and lyophilicity, or a 
desired potential distribution are formed by utilizing ?rst bus 
lines in a passive matrix type display device or utilizing 
scanning lines, signal lines, common feeder lines, pixel 
electrodes, an interlayer insulation ?lm, or a light shielding 
layer in an active matrix type display device. A liquid optical 
material is selectively coated at predetermined positions by 
utilizing the surface features. 
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[FIG. 5] 

(a) 

(b) 

(c) 

(d) 

1408 140A 141 143 

140 



Patent Application Publication Sep. 21, 2006 Sheet 6 0f 13 US 2006/0210704 A1 

[FIG. 

111 111 
140A 1408 

w 154 

\ T _/ 
132A L I 7 L 133 

//T.// //é_////i1 _/240 

/ 1\ ////'// ( 1 

I 1 V~121 
141 143 



Patent Application Publication Sep. 21, 2006 Sheet 7 0f 13 US 2006/0210704 A1 
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METHOD OF MANUFACTURING A DISPLAY 
DEVICE 

[0001] This is a Division of Application No. 09/077,029 
?led May 18, 1998, Which in turn is a National Stage 
Application of International Application No. PCT/JP97/ 
03297 ?led Sep. 18, 1997, Which claims priority to Japanese 
Patent Application No. 8-248087, ?led in the Japanese 
Patent O?ice on Sep. 19, 1996. The disclosures of the prior 
applications are hereby incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a matrix type 
display device and a manufacturing method thereof, and 
particularly to a matrix type display device having a struc 
ture in Which an optical material such as a ?uorescent 

material (luminescent material), a light modulation material 
or the like is selectively arranged at predetermined positions 
on a display substrate, the optical material being liquid at 
least during coating, and a manufacturing method thereof 
Wherein the optical material can accurately be arranged at 
the predetermined positions. 

[0004] 2. Description of Related Art 

[0005] Matrix type display devices such as an LCD (Liq 
uid Crystal Display), an EL (Electroluminescence) display 
device, and the like are frequently used as various display 
devices that are light Weight, thin, and have high image 
quality and high de?nition. A matrix type display device 
comprises matrix-formed bus lines, an optical material 
(luminescent material or light modulation material), and if 
required, other components. 

[0006] In a monochromatic matrix type display device, 
Wiring and electrodes must be arranged in a matrix on the 
display substrate, but the optical material can be uniformly 
coated over the entire surface of the display substrate. 

[0007] In contrast, for example, When a so-called matrix 
type color display device is realiZed by using an EL display 
device of the type that emits light by itself, it is necessary to 
arrange three pixel electrodes corresponding to the primary 
colors RGB of light for each pixel, and coat the optical 
material corresponding to any one of the primary colors 
RGB for each pixel electrode. Namely, the optical material 
must be selectively arranged at the predetermined positions. 

1. Field of Invention 

SUMMARY OF THE INVENTION 

[0008] There is thus demand for developing a method of 
patterning the optical material. Suitable examples of effec 
tive patterning methods include etching and coating. 

[0009] The etching process is carried out as folloWs. 

[0010] First, a layer of an optical material is formed over 
the entire surface of the display substrate. Then a resist layer 
is formed on the optical material layer, exposed to light 
through a mask and then patterned. Then the optical material 
layer is patterned by etching in correspondence With the 
resist pattern. 

[0011] HoWever, in this case, a large number of steps are 
required, and each of the materials and apparatus used is 
expensive, thereby increasing the cost. Also a large number 
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of steps are required, and each of the steps is complicated, 
thereby deteriorating throughput. Further, depending upon 
chemical properties, some optical materials have loW resis 
tance to resist and an etchant, and thus these steps are 
impossible. 

[0012] On the other hand, the coating process is carried 
out as folloWs. 

[0013] First, an optical material is dissolved in a solvent to 
form a solution, and the thus-formed solution of the optical 
material is selectively coated at the predetermined positions 
on the display substrate by an ink jet method or the like. 
Then, if required, the optical material is solidi?ed by heat 
ing, irradiation of light, or the like. In this case, a small 
number of steps are required, and each of the materials and 
apparatus used is inexpensive, thereby decreasing the cost. 
Also, a small number of steps are required, and each of the 
steps is simple, thereby improving throughput. Further, these 
steps are possible regardless of the chemical properties of 
the optical material used as long as a solution of the optical 
material can be formed. 

[0014] The coating patterning method is thought to be 
easily carried out. HoWever, as a result of experiment, the 
inventors found that in coating the optical material by the ink 
jet method, the optical material must be diluted at least 
several tens of times With a solvent, and thus the solution 
obtained has high ?uidity, thereby causing di?iculties in 
holding the solution at the coating positions until it is 
completely solidi?ed after coating. 

[0015] In other Words, patterning precision deteriorates 
due to the ?uidity of the solution of the optical material. For 
example, the optical material coated in a pixel ?oWs to the 
adjacent pixels to deteriorate the optical properties of the 
pixels. Also variations occur in the coating areas in the 
respective pixels, thereby causing variations in the coating 
thickness and thus the optical properties of the optical 
material. 

[0016] Although this problem signi?cantly occurs With an 
optical material for EL display devices or the like, Which is 
liquid during coating and then solidi?ed, the problem also 
occurs in cases in Which a liquid crystal that is liquid both 
during and after coating is selectively coated on the display 
substrate. 

[0017] The present invention has been achieved in con 
sideration of the unsolved problem of the prior art, and an 
object of the invention is to provide a matrix type display 
device in Which a liquid optical material can securely be 
arranged at predetermined positions While maintaining char 
acteristics such as loW cost, high throughput, a high degree 
of freedom of the optical material, etc., and a manufacturing 
method thereof. 

[0018] One aspect of the invention relates to a matrix type 
display device having a structure in Which an optical Mate 
rial is selectively arranged at predetermined positions on a 
display substrate, the optical material being liquid at least 
during coating-at the predetermined positions, Wherein a 
surface feature is formed at each of the predetermined 
positions for selectively coating the optical material. 

[0019] As used herein, surface feature refers to any one of 
a structural surface feature on a substrate, such as a bump, 
cavity or other structural feature, or other physical features, 
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such as Water repellency hydrophilicity, liquid repellency, 
lyophilicity or electric charge/potential distribution. 

[0020] One aspect of the invention thus permits selective 
arrangement of the optical material at the predetermined 
positions using the surface feature even if the optical mate 
rial is liquid during coating. Namely, the matrix type display 
device is a high-quality matrix type display device compris 
ing the optical material accurately arranged-at the predeter 
mined positions. 

[0021] One aspect of the invention relates to a method of 
manufacturing a matrix type display device having a struc 
ture in Which an optical material is selectively arranged at 
predetermined positions on a display substrate, the optical 
material being liquid at least during coating at the predeter 
mined positions, the method comprising the steps of forming 
a surface feature at each of the predetermined positions and 
coating the liquid optical material at-the predetermined 
positions using the surface features. 

[0022] One aspect of invention comprises forming the 
surface features before coating the liquid optical material, 
and is thus capable of preventing the liquid optical material 
coated at the predetermined positions from spreading to the 
peripheries thereof. As a result, it is possible to improve the 
pattering precision While maintaining characteristics such as 
loW cost, high throughput, the high degree of freedom of the 
optical material, etc. 

[0023] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a struc 
tural surface feature, i.e., difference in height, is formed in 
a concave shape in Which each of the predetermined posi 
tions is loWer than the periphery thereof so that the liquid 
optical material is coated at the predetermined positions With 
the surface of the display substrate coated With the liquid 
optical material turned upWard. 

[0024] In this aspect of the invention, the surface of the 
display substrate Which is coated With the optical material is 
turned upWard to turn the concave portions formed by the 
difference in height upWard. When the liquid optical mate 
rial is coated on the insides of the concave portions, the 
optical material stays in the concave portions due to gravity, 
and the coated liquid optical material can stay in the concave 
portions due to gravity, surface tension and the like as long 
as the amount of the optical material coated is not too large. 
Therefore, in this state, the optical material can be solidi?ed 
by, for example, drying to perform patterning With high 
precision and With no problem. 

[0025] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
difference in height has a convex shape in Which each of the 
predetermined positions is higher than the periphery thereof 
so that the liquid optical material is coated at the predeter 
mined positions With the surface of the display substrate that 
is coated With the optical material turned doWnWard. 

[0026] In this aspect of the invention, When the surface of 
the display substrate coated With the optical material is 
turned doWnWard, the convex portions formed by the dif 
ference in height are also turned doWnWard. In coating the 
liquid optical material on the convex portions, the optical 
material concentrates on the convex portions due to surface 
tension, and the coated liquid optical material can stay on the 
convex portions due to surface tension as long as the amount 
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of the optical material coated is not too large. Therefore, in 
this state, the optical material can be solidi?ed by, for 
example, drying to perform patterning With high precision 
and With no problem. 

[0027] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display substrate; coating the liquid optical 
material; forming surface features at each of the predeter 
mined positions on the display substrate for coating the 
liquid optical material; coating the liquid optical material at 
the predetermined positions and forming a plurality of 
second bus lines crossing the ?rst bus lines to cover the 
optical material. 

[0028] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display substrate; forming surface features 
at each of the predetermined positions on the display sub 
strate for coating the liquid optical material; coating the 
liquid optical material at the predetermined positions form 
ing a plurality of second bus lines on a peeling substrate 
through a peeling layer; and transferring the structure peeled 
off from the peeling layer on the peeling substrate onto the 
display substrate coated With the optical material so that the 
?rst bus lines cross the second bus lines. 

[0029] In a method of manufacturing a so-called passive 
matrix type display device, this aspect of the invention 
comprises no step of forming a layer for the second bus lines 
on the upper surface of the optical material disposed, and 
then etching the layer, thereby decreasing damage to the 
base material such as the optical material or the like in the 
subsequent step. 

[0030] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming, on the display 
substrate, Wiring including a plurality of scanning lines and 
signal lines, a pixel electrode corresponding to each of the 
predetermined positions, and sWitching elements for con 
trolling the states of the pixel electrodes in accordance With 
the state of the Wiring; forming surface features at each of 
the predetermined positions on the display substrate for 
coating the liquid optical material; and coating the liquid 
optical material at the predetermined positions. 

[0031] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming surface features at 
each of the-predetermined positions on the display substrate 
for coating the liquid optical material; coating the liquid 
optical material at the predetermined positions; forming 
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Wiring including a plurality of scanning lines and signal 
lines, a pixel electrode corresponding to each of the prede 
termined positions, and sWitching elements for controlling 
the states of the pixel electrodes in accordance With the state 
of the Wiring on a peeling substrate through a peeling layer; 
and transferring the structure peeled off from the peeling 
layer on the peeling substrate onto, the display substrate 
coated With the optical material. 

[0032] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
comprises no step of forming a layer for the Wiring and a 
layer for the pixel electrodes on the upper surface of the 
optical material disposed, and then etching the layers, 
thereby decreasing damage to the base material such as the 
optical material or the like in-the subsequent step, and 
damage to the scanning lines, the signal lines, the pixel 
electrodes or the sWitching elements due to coating of the 
optical material. 

[0033] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dif 
ference in height is formed by using the ?rst bus lines and 
has a concave shape in Which each of the predetermined 
positions is loWer than the periphery thereof so that in the 
step of coating the liquid optical material, the liquid optical 
material is coated at the predetermined positions With the 
surface of the display substrate coated With the liquid crystal 
material turned upWard. 

[0034] In a method of manufacturing a so-called passive 
matrix type display device, this aspect of the invention 
comprises the step of forming a difference in height by using 
the ?rst bus lines. As a result, the step of forming the ?rst bus 
lines, in Whole or in part, can also be used as-the step of 
forming the surface features, thereby suppressing an 
increase in the number of the steps. 

[0035] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dif 
ference in height is formed by using the Wiring and has a 
concave shape in Which each of the predetermined positions 
is loWer than the periphery thereof so that in the step of 
coating the liquid optical material, the liquid optical material 
is coated at the predetermined positions With the surface of 
the display substrate coated With the liquid crystal material 
turned upWard. 

[0036] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
comprises the step of forming a difference in height by using 
the Wiring. As a result, part of the Whole of the step of 
forming the Wiring can also be used as the step of forming 
the surface features, thereby suppressing an increase in the 
number of the steps. 

[0037] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dif 
ference in height is formed by using the pixel electrodes, and 
has a convex shape in Which each of the predetermined 
positions is higher than the periphery thereof so that in the 
step of coating the liquid optical material, the liquid optical 
material is coated at the predetermined positions With the 
surface of the display substrate coated With the liquid crystal 
material turned doWnWard. 

[0038] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
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comprises the step of forming a difference in height by using 
the pixel electrodes. As a result, the step of forming the 
Wiring, in Whole or in part, can also be used as the step of 
forming the surface features, thereby suppressing an 
increase in the number of the steps. 

[0039] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of forming an interlevel insulation ?lm, Wherein a 
difference in height is formed by using the interlevel insu 
lation ?lm, and has a concave shape in Which each of the 
predetermined positions is loWer than the periphery thereof 
so that in the step of coating the liquid optical material, the 
liquid optical material is coated at the predetermined posi 
tions With the surface of the display substrate coated With the 
liquid crystal material turned upWard. 
[0040] In a method of manufacturing a so-called passive 
matrix type display device and a method of manufacturing 
a so-called active matrix type display device, this aspect of 
the invention comprises the step of forming a difference in 
height by using the interlevel insulation ?lm. As a result, the 
step of forming the interlevel insulation ?lm, in Whole or in 
part, can also be used as the step of forming the surface 
features, thereby suppressing an increase in the number of 
the steps. 
[0041] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of forming a light shielding layer, Wherein a difference 
in height is formed by using the light shielding layer, and has 
a concave shape in Which each of the predetermined posi 
tions is loWer than the periphery thereof so that in the step 
of coating the liquid optical material, the liquid optical 
material is coated at the predetermined positions With the 
surface of the display substrate coated With the liquid crystal 
material turned upWard. 
[0042] In a method of manufacturing a so-called passive 
matrix type display device and a method of manufacturing 
a so-called active matrix type display device, this aspect of 
the invention comprises the step of forming a difference in 
height by using a light shielding layer. As a result, the step 
of forming the light shielding layer, in Whole or in part, can 
also be used as the step of forming the surface features, 
thereby suppressing an increase in the number of f the steps. 
One aspect of the invention relates to the method of manu 
facturing a matrix type display device Wherein in the step of 
forming the difference in height, the difference in height is 
formed by selectively removing-the coated liquid material. 
Resist or the like can be used as the liquid material. In the 
us-e of resist, the resist is coated over the entire surface of 
the display device by spin coating to form a resist ?lm 
having an appropriate thickness, folloWed by exposure and 
etching of the resist ?lm to form a convex portion corre 
sponding to each of the predetermined positions, Whereby 
the difference in height can be formed. 

[0043] This aspect of the invention can simplify the step of 
forming the difference in height and can easily form a large 
difference in height While decreasing damage to the base 
material. 

[0044] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dif 
ference in height is formed on the peeling substrate through 
the peeling layer, and the structure peeled off from the 
peeling layer on the peeling substrate is transferred onto the 
display substrate. 
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[0045] This aspect of the invention comprises the step of 
transferring the difference in height separately formed on the 
peeling substrate. Therefore, the invention can simplify the 
step of forming the surface features and can easily form a 
large difference in height While decreasing damage to the 
base material. 

[0046] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
height dr of the difference in height satis?es the folloWing 
equation (1): 

[0047] Wherein da is the thickness of a single coat of the 
liquid optical material. 

[0048] This aspect of the invention is capable of prevent 
ing the optical material from ?oWing out to the peripheries 
of the predetermined positions beyond the concave differ 
ence in height Without contribution of surface tension of the 
liquid optical material. 

[0049] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
folloWing equation (2) is satis?ed: 

[0050] Wherein V‘,1 is the driving voltage applied to the 
optical material, db is the total thickness of the respective 
coatings of the liquid optical material, r is the concentration 
of the liquid optical material, and Et is the minimum electric 
?eld strength (threshold electric ?eld strength) at Which a 
change in optical properties of the optical material occurs. 

[0051] This aspect of the invention de?nes the relation 
betWeen the coating thickness and the driving voltage, 
thereby ensuring that the optical material exhibits an electro 
optical effect. 

[0052] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
height dr of the difference in height satis?es the folloWing 
equation (3): 

di=dr (3) 

[0053] Wherein df is the thickness of the optical material 
at the time of completion. 

[0054] This aspect of the invention ensures ?atness of the 
difference in height and the optical material at the time of 
completion, and uniformity in the optical properties of the 
optical material, and can prevent a short circuit. 

[0055] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
thickness at the time of completion satis?es the folloWing 
equation (4) 

Vd/dPE, (4) 

[0056] Wherein V‘,1 is the driving voltage applied to the 
optical material, and Et is the minimum electric ?eld strength 
(threshold electric ?eld strength) at Which a change in 
optical properties of the optical material occurs. 

[0057] This aspect of the invention de?nes the relation 
betWeen the coating thickness and the driving voltage, 
thereby ensuring that the optical material exhibits an electro 
optical effect. 
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[0058] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of enhancing the lyophilicity at 
the predetermined positions on the display device relative to 
the lyophilicity of the peripheries thereof, and coating the 
liquid optical material at the predetermined positions. 
[0059] In this aspect of the invention since the lyophilicity 
at the predetermined positions is enhanced before the liquid 
optical material is coated, the liquid optical material coated 
at the predetermined positions more easily stays at the 
predetermined positions than the peripheries thereof, and the 
difference in lyophilicity betWeen each of the predetermined 
positions and the periphery thereof is suf?ciently increased 
to prevent the liquid optical material coated at the predeter 
mined positions from spreading to the peripheries thereof. 
As a result, it is possible to improve the precision of 
patterning While maintaining the properties such as loW cost, 
high throughput and the high degree of freedom of the 
optical material. 
[0060] The step of enhancing the lyophilicity at the pre 
determined positions on the display substrate relative to the 
lyophilicity of the peripheries thereof possibly comprises 
enhancing the lyophilicity at the predetermined positions, 
enhancing the liquid repellency of the peripheries of the 
predetermined positions, or performing both methods. 
[0061] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display device, enhancing the lyophilicity at 
the predetermined positions on the display device relative to 
the lyophilicity of the peripheries thereof, coating the liquid 
optical material at the predetermined positions, and forming 
a plurality of second bus lines crossing the ?rst bus lines to 
cover the optical material. 

[0062] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display device, enhancing the lyophilicity at 
the predetermined positions on the display device relative to 
the lyophilicity of the peripheries thereof, coating the liquid 
optical material at the predetermined positions, forming a 
plurality of second bus lines on a peeling substrate through 
a peeling layer, and transferring the structure peeled off from 
the peeling layer on the peeling substrate onto the display 
substrate coated With the optical material so that the ?rst bus 
lines cross the second bus lines. 

[0063] In a method of manufacturing a so-called passive 
matrix type display device, this aspect of the invention 
comprises no step of forming a layer for the second bus lines 
on the disposed optical material and etching the layer. It is 
thus possible to decrease damage to the base material such 
as the optical material or the like in the subsequent step. 

[0064] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
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optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming, on the display 
device, Wiring including a plurality of scanning lines and 
signal lines, a pixel electrode corresponding to each of the 
predetermined positions, and sWitching elements for con 
trolling the states of the pixel electrodes in accordance With 
the state of the Wiring; enhancing the lyophilicity at the 
predetermined positions on the display device relative to the 
lyophilicity of the peripheries thereof, and coating the liquid 
optical material at the predetermined positions. 

[0065] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of enhancing the lyophilicity at 
the predetermined positions on the display device relative to 
the lyophilicity of the peripheries thereof: coating the liquid 
optical material at the predetermined positions: forming 
Wiring including a plurality of scanning lines and signal 
lines, a pixel electrode corresponding to the each of the 
predetermined positions, and sWitching elements for con 
trolling the states of the pixel electrodes in accordance With 
the state of the Wiring on a peeling substrate through a 
peeling layer; and transferring the structure peeled off from 
the peeling layer on the peeling substrate onto the display 
substrate coated With the optical material. 

[0066] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
comprises no step of forming a layer for Wiring and a layer 
for the pixel electrodes on the optical material disposed and 
etching these layers. It is thus possible to decrease damage 
to the base material such as the optical material or the like 
in the subsequent step, and damage to the scanning lines, the 
signal lines, the pixel electrodes or the sWitching elements 
due to coating of the optical material. 

[0067] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dis 
tribution of high liquid repellency is formed along the ?rst 
bus lines on the display substrate to enhance the lyophilicity 
at the predetermined positions on the display substrate 
relative to the lyophilicity of the peripheries thereof. 

[0068] In a method of manufacturing a so-called passive 
matrix type display device, this aspect of the invention 
comprises forming a distribution of high liquid repellency 
along the ?rst bus lines. As a result, the step of forming the 
?rst bus lines, in Whole or in part, can also be used as the step 
of enhancing the lyophilicity at the predetermined positions 
relative to the lyophilicity of the peripheries thereof, thereby 
suppressing an increase in the number of the steps. 

[0069] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dis 
tribution of high liquid repellency is formed along the Wiring 
on the display substrate to enhance the lyophilicity at the 
predetermined positions on the display substrate relative to 
the lyophilicity of the peripheries thereof. 

[0070] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
comprises forming a distribution of high liquid repellency 
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along the Wiring. As a result, the step of forming the ?rst bus 
lines, in Whole or in part, can also be used as the step of 
enhancing the lyophilicity at the predetermined positions 
relative to the lyophilicity of the peripheries thereof, thereby 
suppressing an increase in the number of the steps. 

[0071] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein the 
lyophilicity of the surfaces of the pixel electrodes on the 
display substrate are enhanced to enhance the lyophilicity at, 
the predetermined positions on the display substrate relative 
to the lyophilicity of the peripheries thereof. 

[0072] In a method of manufacturing a so-called active 
matrix type display device, this aspect of the invention 
comprises enhancing the lyophilicity of the surfaces of the 
pixel electrodes. As a result, the step of forming the pixel 
electrodes, in Whole or in part, can also be used as the step 
of enhancing the lyophilicity at the predetermined positions 
relative to the lyophilicity of the peripheries thereof, thereby 
suppressing an increase in the number of the steps. 

[0073] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of forming an interlevel insulation ?lm, Wherein a 
distribution of high liquid repellency is formed along the 
interlevel insulation ?lm on the-display substrate to enhance 
the lyophilicity at the predetermined positions on the display 
substrate relative to the lyophilicity of the peripheries 
thereof. 

[0074] In a method of manufacturing a so-called s passive 
matrix type display device, this aspect of the invention 
comprises forming a distribution of high liquid repellency 
along the interlevel insulation ?lm. As a result, the step of 
forming the interlevel insulation ?lm, in Whole or impart, 
can also be used as the step of enhancing the lyophilicity at 
the predetermined positions relative to the lyophilicity of the 
peripheries thereof, thereby suppressing an increase in the 
number of the steps. 

[0075] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of forming an interlevel insulation ?lm so that the 
surfaces of the pixel electrodes are exposed, Wherein in 
forming the interlevel insulation ?lm, a difference in height 
for coating the liquid optical material is formed in the 
boundary betWeen the portion Where the surface of each of 
the pixel electrodes is exposed and the periphery thereof, 
and the liquid repellency of the surface of the interlevel 
insulation ?lm is enhanced to enhance the lyophilicity at the 
predetermined positions on the display substrate relative to 
the lyophilicity of the peripheries thereof. 

[0076] In this aspect of the invention the difference in 
height is formed in a concave shape by using the interlevel 
insulation ?lm before the liquid optical material is coated, 
and the liquid repellency of the surface of the interlevel 
insulation ?lm is enhanced to enhance the lyophilicity at the 
predetermined positions relative to the lyophilicity of the 
peripheries thereof. Therefore, the liquid optical material 
coated at the predetermined positions is prevented from 
spreading to the peripheries thereof. As a result, it is possible 
to further improve the patterning precision While maintain 
ing the properties such as loW cost, high throughput and the 
high degree of freedom of the optical material. 

[0077] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 



US 2006/0210704 A1 

step of forming a light shielding layer, wherein a distribution 
of high liquid repellency is formed along the light shielding 
layer on the display substrate to enhance the lyophilicity at 
the predetermined positions on the display substrate relative 
to the lyophilicity of the peripheries thereof. 

[0078] In a method of manufacturing a so-called passive 
matrix type display device and a method of manufacturing 
a so-called active matrix type O display device, this aspect 
of the invention comprises forming a distribution of high 
liquid repellency along the light shielding layer. As a result, 
the step of forming the light shielding layer, in Whole or in 
part, can also be used as the step of enhancing the lyophi 
licity at the predetermined positions relative to the lyophi 
licity of the peripheries thereof, thereby suppressing an 
increase in the number of the steps. 

[0079] One aspect of the invention relates to the method of 
manufacturing a matrix type display device Wherein a dif 
ference in lyophilicity betWeen each of the predetermined 
positions and the periphery thereof is increased by irradiat 
ing ultraviolet rays or plasma of O2, CF3, Ar or the like. 

[0080] Thus, this aspect of the invention is capable of 
easily enhancing the liquid repellency of the surface of the 
interlevel insulation ?lm, for example. 

[0081] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of enhancing the lyophilicity at the predetermined 
positions on the display substrate relative to the lyophilicity 
of the peripheries thereof. 

[0082] One aspect of the invention relates to the method of 
manufacturing a matrix type display device comprising the 
step of forming a difference in height in the boundary 
betWeen each of the predetermined positions on the display 
substrate and the periphery thereof, for coating the liquid 
optical material. 

[0083] One aspect of the invention comprises forming a 
predetermined difference in height and enhancing the lyo 
philicity at the predetermined positions relative to the lyo 
philicity of the peripheries thereof before the liquid optical 
material is coated. Therefore, this aspect of the invention 
securely prevents the liquid optical material coated at the 
predetermined positions from spreading to the peripheries 
thereof. As a result, it is possible to further improve the 
patterning precision While maintaining the properties such as 
loW cost, high throughput and the high degree of freedom of 
the optical material. 

[0084] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a potential distri 
bution on the display substrate so that the potential at each 
of the predetermined positions is different from that of the 
periphery thereof, and selectively coating the liquid optical 
material at the predetermined positions by using the poten 
tial distribution. 

[0085] This aspect of the invention comprises forming a 
potential distribution before the liquid optical material is 
coated so that the liquid optical material coated at the 
predetermined positions can be prevented from spreading to 
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the peripheries thereof by the potential distribution. As a 
result, it is possible to improve the patterning precision 
While maintaining the properties such as loW cost, high 
throughput and the high degree of freedom of the optical 
material. 

[0086] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a potential distri 
bution on the display substrate so that the potential at each 
of the predetermined positions is different from that of the 
periphery thereof, and coating the liquid optical material at 
the predetermined positions after charging the optical mate 
rial to a potential Where a repulsive force is generated 
betWeen each of the predetermined positions and the periph 
ery thereof. 

[0087] This aspect of the invention comprises generating 
a repulsive force betWeen the liquid optical material that is 
coated at the predetermined positions and the peripheries 
thereof so as to prevent the liquid optical material coated at 
the predetermined positions from spreading to the periph 
eries thereof. As a result, it is possible to improve the 
patterning precision While maintaining the properties such as 
loW cost, high throughput and the high degree of freedom of 
the optical material. 

[0088] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display substrate, forming a potential 
distribution on the display substrate so that the potential at 
each of the predetermined positions is different from that of 
the periphery thereof, coating the liquid optical material at 
the predetermined positions after charging the optical mate 
rial to a potential Where a repulsive force is generated 
betWeen each of the predetermined positions and the periph 
ery thereof, and forming a plurality of second bus lines 
crossing the ?rst bus lines to cover the optical material. 

[0089] One aspect of the invention relates to a method of 
manufacturing a matrix type display device comprising an 
optical material selectively disposed at predetermined posi 
tions on a display device, the optical material being liquid at 
least during coating at the predetermined positions, the 
method comprising the steps of forming a plurality of ?rst 
bus lines on the display substrate, forming a potential 
distribution on the display substrate so that the potential at 
each of the predetermined positions is different from that of 
the periphery thereof, coating the liquid optical material at 
the predetermined positions after charging the optical mate 
rial to a potential at Which a repulsive force is generated 
betWeen each of the predetermined positions and the periph 
ery thereof, forming a plurality of second bus lines on a 
peeling substrate through a peeling layer, and transferring 
the structure peeled off from the peeling layer on the peeling 
substrate onto the display substrate coated With the optical 
material so that the ?rst bus lines cross the second bus lines. 

[0090] In a method of manufacturing a so-called passive 
matrix type display device, this aspect of the invention 


















