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wiched between the transparent substrate 53 and the back 
substrate 52. The display Surface side and the back side 
thereof are flat in Shape. 
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ELECTROPHORETC DISPLAY AND METHOD OF 
PRODUCING THE SAME 

0001. This is a Continuation-in-Part of application Ser. 
No. 09/674,679 filed Nov. 3, 2000, which in turn is a 
National Stage Entry, which claims the benefit of PCT/JP00/ 
01351 filed Mar. 6, 2000. The entire disclosure of the prior 
applications is hereby incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. The present invention relates to an electrophoretic 
display which utilizes the movement of electrophoretic 
particles in a medium due to application of an electric field, 
and a method of producing the same. 
0004 2. Description of Related Art 
0005 Japanese Unexamined Patent Publication (Kokai) 
No. 64-86116 and Japanese Unexamined Patent Publication 
(Kokai) No. 10-149118 disclose inventions of electro 
phoretic displayS using microcapsules. 

0006 FIG. 7 is an elementary sectional view for illus 
trating an example of a conventional electrophoretic display 
using microcapsules. 
0007. In the electrophoretic display 1, a transparent Sub 
strate 3 provided with transparent electrodes 5 to 5 and a 
transparent back Substrate 2 having a transparent electrode 4 
are arranged at a predetermined distance d So that the 
transparent electrode 4 and the transparent electrodes 5 to 
5 face each other. 
0008. The transparent substrate 3 and the back substrate 
2 are formed by using an insulating Synthetic resin Such as 
PET (polyethylene terephthalate). 
0009. The transparent electrode 4 and the transparent 
electrodes 5 to 5 are formed by, for example, transparent 
electrode films (ITO (indium oxide) films). 
0010) A large number of microcapsules 6 are arranged 
between the transparent Substrate 3 and the back Substrate 2. 
0011 The microcapsules 6 are sealed with (comprise) a 
dispersion comprised of electrophoretic particles 7 dispersed 
in a dispersion medium 11 (dispersion System) in advance by 
the microcapsulation technique. In natural State, these 
shapes are Spherical. 
0012. The electrophoretic particles 7 are comprised of 
charge particles, for example, white pigment. 

0013 The dispersion medium 11 is comprised of a col 
ored dispersion medium, for example, colored black. 
0.014. Hereinafter, the liquid mixture between the elec 
trophoretic particles 7 and dispersion medium 11 Sealed in 
the microcapsules 6 will also be referred to as the electro 
phoretic display dispersion. 

0.015 Between the transparent substrate 3 and the back 
Substrate 2, the large number of microcapsules 6 and a 
binder 8 for fixing the large number of microcapsules 6 are 
inserted. 

0016. The binder 8 is transparent and has good bondabil 
ity with the transparent electrodes 4 and 5 to 5. 
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0017. In this configuration, for example, when making 
the transparent electrode 4 the ground potential and applying 
a negative Voltage to the transparent electrodes 5 and 5, 
electrophoretic particles 7, that is, the charged particles, 
inside the microcapsules 6 between the transparent electrode 
4 and the transparent electrodes 5 and 5 move toward the 
transparent electrode 4. As a result, the microcapsules 6 
between the transparent electrode 4 and the transparent 
electrodes 5 and 5 exhibit a black color with respect to the 
direction of the transparent Substrate 3. 
0018 Further, if making the transparent electrode 4 the 
ground potential and applying a positive Voltage to the 
transparent electrode 5, electrophoretic particles 7, that is, 
the charged particles inside the microcapsules 6 between the 
transparent electrode 4 and the transparent electrode 5 
move toward the transparent electrode 5. As a result, the 
microcapsules 6 between the transparent electrode 4 and the 
transparent electrode 5 exhibit a white color with respect to 
the direction of the transparent substrate 3. 
0019. An electrophoretic display having spherical micro 
capsules Seal with an electrophoretic display dispersion, 
Suffers from the following disadvantages (1) and (2). 

0020 (1) The portions between the spherical micro 
capsules, that is, the binder portions, do not contain 
electrophoretic particles, So the contrast may be 
liable to be lowered. 

0021 (2) The electric field intensity acting on the 
electrophoretic display dispersion in the Spherical 
microcapsules positioned between the electrodes 
becomes nonuniform, So localization of the electro 
phoretic particles may be liable to be caused. 

0022 Japanese Unexamined Patent Publication (Kokai) 
No. 10-149118 discloses making the dielectric constant the 
Same between the electrophoretic display dispersion and 
binder to make the electric field intensity uniform, but if this 
is done, limits arise in the Selection of the materials used for 
the electrophoretic display dispersion and binder. 

SUMMARY OF THE INVENTION 

0023. An object of the present invention is to provide the 
electrophoretic display which is capable of improving the 
contrast, and a method of producing the same. 
0024. The electrophoretic display according to the 
present invention comprises a first Substrate comprising a 
transparent Substrate on one Surface of which a transparent 
electrode comprising a first electrode is formed and the other 
Surface of which forms a display Surface; a Second Substrate 
on one Surface of which a Second electrode is formed and 
arranged in parallel with the first Substrate So that the Second 
electrode faces the first electrode, and a plurality of micro 
capsules containing a dispersion comprising a liquid phase 
dispersion medium and electrophoretic particles, arranged 
between the first and Second electrodes So as to contact each 
electrode, and formed in a flat shape along the first electrode 
at least at the first electrode Side. 

0025. According to the present invention, preferably the 
plurality of microcapsules are also formed flat along the 
Second electrode at the Second electrode Side. 

0026. The method of production of an electrophoretic 
display having a plurality of microcapsules containing a 
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dispersion comprising a liquid phase dispersion medium and 
electrophoretic particles, a first Substrate comprised of a 
transparent Substrate provided with a first electrode com 
prised of a transparent electrode, and a Second Substrate 
provided with a Second electrode, according to the present 
invention comprises comprising the Steps of housing the 
plurality of microcapsules and a liquid binder between the 
first and Second Substrates So that the plurality of microcap 
Sules face the first and Second electrodes via the binder; 
applying pressure to the first or Second Substrate to flatten 
the microcapsules between the Substrates, and causing the 
binder near the microcapsules flattened by the pressure to 
cure So as to fix the flattened microcapsules to at least the 
first Substrate. 

0027. In the method of production of an electrophoretic 
display according to the present invention, the binder is a 
photocuring or heat curing binder and the method further 
comprises applying light or heat corresponding to the binder 
near the microcapsules flattened by the pressure to cause the 
binder to cure. 

0028. In the electrophoretic display according to the 
present invention, by flattening the display Surface Side of 
the plurality of microcapsules, it is possible to reduce the 
portion between microcapsules and possible to reduce the 
distance between Substrates compared with when the micro 
capsules between the Substrates are spherical. 

0029. In the method of production of an electrophoretic 
display according to the present invention, by applying 
pressure to the first or Second Substrate to flatten the micro 
capsules and causing the binder near the flattened micro 
capsules to cure, it is possible to hold the flat shape of the 
microcapsules and possible to reduce the distance between 
Substrates compared with when the microcapsules between 
the Substrates are Spherical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a principal sectional view for explaining 
a first embodiment of an electrophoretic display according to 
the present invention. 

0.031 FIG. 2 is an explanatory view of a method of 
production of the electrophoretic display in FIG. 1. 

0.032 FIG. 3 is an explanatory diagram of the method of 
production of the electrophoretic display of FIG. 1 follow 
ing FIG. 2. 

0.033 FIG. 4 is a principal sectional view for explaining 
a Second embodiment of an electrophoretic display accord 
ing to the present invention. 

0034 FIG. 5 is an explanatory view of the method of 
production of the electrophoretic display of FIG. 4. 

0.035 FIG. 6 is an explanatory diagram of the method of 
production of the electrophoretic display of FIG. 4 follow 
ing FIG. 5. 

0.036 FIG. 7 is a principal sectional view for explaining 
an example of a conventional electrophoretic display. 

0037 FIG. 8 is an elementary and partial sectional view 
of a third embodiment of an electrophoretic display accord 
ing to the present invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0038 Below, embodiments of the present invention will 
be explained referring to the appended drawings. 

0039) First Embodiment 
0040 FIG. 1 is a principal sectional view for explaining 
a first embodiment of an electrophoretic display according to 
the present invention. 
0041. This electrophoretic display 150 is comprised of a 
back substrate 52 provided with a transparent electrode 54 
and a transparent Substrate 53 provided with a plurality of 
transparent electrodes 55 to 55 arranged at a predetermined 
distance D So that the transparent electrode 54 and the 
transparent electrodes 55 to 55 face each other. 
0042. Note that, in FIG. 1, only the three transparent 
electrodes 55 to 55 among the plurality of transparent 
electrodes 55 to 55 are illustrated. 
0043. The back substrate 52 is formed using an insulating 
Synthetic resin. 

0044) The transparent substrate 53 is formed using an 
insulating Synthetic resin Such as PET. 
004.5 The transparent electrode 54 and the transparent 
electrodes 55 to 55, are formed by ITO films or other 
transparent electrode films. 

0046 Between the transparent substrate 53 and the back 
Substrate 52 are provided the large number of microcapsules 
56A. The microcapsules 56A are flat in shape. The display 
Surface Side comprised of the transparent Substrate 53 side 
and the back side comprised of the back Substrate 52 side 
thereof are parallel. 
0047 The microcapsules 56A are individually sealed 
with (comprise) a dispersion comprised of electrophoretic 
particles 57 dispersed in a dispersion medium 61 (dispersion 
System) in advance by the microcapsulation technique. 
Pressure is applied to the Spherical microcapsules to flatten 
them. 

0048. The electrophoretic particles 57 are comprised of 
for example white pigment or other charged particles. 

0049. The dispersion medium 61 is comprised of a col 
ored dispersion medium colored for example black. 

0050 Hereinafter, the liquid mixture of the electro 
phoretic particles 57 and the dispersion medium 61 sealed in 
the microcapsules 56A is referred to as an electrophoretic 
display dispersion. 

0051 Between the transparent substrate 53 and the back 
substrate 52 are filled the large number of microcapsules 
56A and a solid binder 58LA for fixing the large number of 
microcapsules 56A. 

0052 As the binder 58LA, a photocuring resin or other 
photocuring binder is used. 
0053) The microcapsules 56A preferably have flexibility. 
0054) Materials having flexibility as microcapsules 56A 
include arabic-rubber-gelatin based compounds or urethane 
based compounds. 



US 2004/0017349 A1 

0.055 The urethane-based compounds have basic com 
positions of the following chemical formula. By Selecting 
the substituent R1 or R2 in the formula, any flexibility may 
be obtained. 

0056. In the following chemical formula, a urethane 
based compound is produced from isocyanate and alcohol: 

0057 Also, the microcapsules 56A preferably have a size 
which is uniform or substantially uniform. 
0.058 For the microcapsules with substantially equal size, 
for example, it is possible to use filtration or classification by 
Specific gravity to obtain microcapsules of a diameter of 
about 40 to 60 lum. 
0059. In such a configuration, for example, if the trans 
parent electrode 54 is made the ground potential and a 
negative Voltage is applied to the transparent electrodes 55 
to 55, the charged particles, that is, electrophoretic particles 
57, inside the microcapsules 6 between the transparent 
electrode 54 and transparent electrodes 55 to 55 move 
toward the transparent electrode 54. As a result, the micro 
capsules 6 exhibit a black color toward the direction of the 
transparent substrate 53. 
0060 Next, the method of production of the electro 
phoretic display according to the first embodiment will be 
explained. 

0061 FIG. 2 and FIG. 3 are views for explaining the 
method of production of the electrophoretic display accord 
ing to the first embodiment and show a principal Sectional 
View of the electrophoretic display. 
0062) The electrophoretic display 100 is produced 
through the following steps 1 to 5. 

0063 Step 1: The transparent electrode 54 is formed 
on a flexible back Substrate 52. Also, transparent 
electrodes 55 to 55, are formed on the transparent 
substrate 53. Separately, the large number of micro 
capsules Sealed with (comprise) a liquid mixture of 
electrophoretic particles 57 and the dispersion 
medium 61 are formed. 

0064 Step 2: The liquid binder 58L is coated on the 
transparent substrate 53 formed with the transparent 
electrodes 55 to 55. 

0065 Step 3: Spherical microcapsules 56 with sub 
Stantially equal sizes are arranged on the transparent 
substrate 53 coated with the liquid binder 58L. 

0066 Step 4: The back substrate 52 and the trans 
parent Substrate 53 are arranged at a predetermined 
distance E so that the transparent electrode 54 and 
the transparent electrodes 55 to 55, face each other. 
The microcapsules 56 and liquid binder 58L are 
housed between the back Substrate 52 and the trans 
parent substrate 53. 

0067. An amount of the binder 58L required for filling the 
gaps between the microcapsules at the time of the final 
Shaping of the electrophoretic display is coated on the 
surface of the transparent substrate 53. 

0068 Step 5: As shown in FIG. 3, a pressure roller 
70 is brought into contact with an outer surface of the 
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back Substrate 52 of the electrophoretic display 100, 
preSSure is applied, and the pressure roller 70 is made 
to relatively move, whereby the Spherical microcap 
Sules 56 are successively made to deform to flat 
shaped microcapsules 56A. 

0069. At this time, the liquid binder 58L moves so as to 
fill the gaps between the microcapsules. 

0070 The liquid binder 58L near the microcapsules flat 
tened by the pressure from the pressure roller 70 is irradiated 
with slit light 75 via the transparent substrate 53 so as to 
cause the liquid binder 58L to cure by the slit light 75 and 
form a solid. 

0071. By curing the liquid binder 58L to make the solid 
binder 58LA, the microcapsules 56A are fixed to the trans 
parent Substrate 53 and the back Substrate 52 and held in the 
flat shape and the transparent Substrate 53 and the back 
substrate 52 are bonded to each other by the binder 58LA to 
hold a predetermined distance D (<E). 
0072. In this way, the liquid binder 58L is lightly coated 

first and then the liquid binder 58L is made to cure while 
using preSSure to flatten the microcapsules. 

0073. The relative movement between the pressure roller 
70 and slit light 75 and the electrophoretic display 100 may 
be one making the direction of irradiation of the slit light 75 
the direction of a roller shaft 71, fixing the electrophoretic 
display 100 in place, and making the pressure roller 70 and 
output device of the slit light 75 (not shown) move or may 
be one making the pressure roller 70 rotate at a constant 
position and making the electrophoretic display 100 move. 

0074. It is also possible to use two pressure rollers to grip 
the electrophoretic display 100 and press the electrophoretic 
display 100 from the display surface side and the back side. 

0075 AS described above, it is also possible to use the 
pressure roller 70, slit light 75, and photocuring binder 58L 
to obtain the electrophoretic display 150 according to the 
first embodiment. 

0076) Note that in the electrophoretic display 100 shown 
in FIG. 2, the binder 58L is coated on the transparent 
Substrate 53, but when producing the electrophoretic display 
150, it is also possible to make the back substrate 52 a 
transparent material and coat the liquid binder 58L on the 
back substrate 52 and to irradiate slit light 75 from the back 
Substrate 52 side or from the back Substrate 52 side and 
transparent substrate 53 side. 

0077. Further, in the electrophoretic display 100 of FIG. 
2, it is also possible to provide holes in the transparent 
Substrate 53 or the back Substrate 52 in advance So that 
exceSS materials other than the microcapsules 56 and binder 
58L in the materials positioned between the transparent 
substrate 53 and the back substrate 52 are ejected at the time 
of pressure and to close the holes after curing of the liquid 
binder 58L. 

0078. Further, the excess materials may be made to be 
ejected at the time of pressure from the edges of the 
transparent substrate 53 or the back substrate 52 and the 
microcapsules 56A and binder 58LA sealed between the 
substrates 52 and 53 after the curing of the liquid binder 58L. 
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0079) Second Embodiment 
0080 FIG. 4 is a principal sectional view for explaining 
a Second embodiment of an electrophoretic display accord 
ing to the present invention. 
0081. The electrophoretic display 250 is configured sub 
stantially the same as the electrophoretic display 150 accord 
ing to the first embodiment, but the binder and the method 
of production differ. 
0082 In the electrophoretic display 250, parts the same 
as those of the electrophoretic display 150 shown in FIG. 1 
are assigned the same reference numerals. Explanations of 
the same portions are omitted. 
0.083. The transparent Substrate 53 and the back substrate 
52 are filled with the large number of flat-shaped microcap 
Sules 56A and the solid binder 58WA for fixing the large 
number of microcapsules 56A. 

0084 As the binder 58WA, a water-soluble silicone resin 
or other photocuring material or heat curing urethane-based 
compound may be used. 
0085 Next, a method of production of the electrophoretic 
display according to the Second embodiment will be 
explained. 

0.086 FIG. 5 and FIG. 6 are explanatory views of the 
method of production of the electrophoretic display accord 
ing to the Second embodiment and show a principal Sectional 
View of the electrophoretic display. 
0087. In the electrophoretic display 200 of FIG. 5, the 
binder 58W is liquid and is present in the state of an aqueous 
solution between the transparent substrate 53 and the back 
Substrate 52. 

0088. The silicone resin and water in the liquid binder 
58W are mixed in consideration of the desired flatness of the 
microcapsules, that is, the Volume of the gaps between the 
microcapsules, So that the Silicone resin will fill the gaps 
between the flattened microcapsules 56A. 
0089. In FIG. 6, the pressure roller 70 is brought into 
contact with the outer Surface of the back Substrate 52 of the 
electrophoretic display 200 and pressure is applied. The 
Spherical microcapsules 56 are Successively deformed to flat 
type microcapsules 56A by the pressure roller 70. 
0090 The liquid binder 58W near the microcapsules 56A 
flattened by this pressure is Stripped of the moisture in the 
liquid binder 58W by heat rays 76 irradiated via the trans 
parent substrate 53 and thereby shrunken and cured. 
0091. By curing the liquid binder 58W to make the solid 
binder 58WA, the microcapsules 56A are fixed to the trans 
parent Substrate 53 and the back Substrate 52 and held in flat 
shape and the transparent Substrate 53 and the back substrate 
52 are bonded together by the binder 58WA and hold the 
predetermined distance D (<E). 
0092. In this way, the liquid binder 58W is used and 
heated to cause the moisture to evaporate off and thereby 
cause the heat curing binder 58W to shrink and cure while 
using pressure to make the microcapsules flat. 

0093. The relative movement of the pressure roller 70 
and heat rays 76 with the electrophoretic display 200 may be 
one making the direction of irradiation of the heat rays 76 
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the direction of the roller shaft 71, fixing the electrophoretic 
display 200, and making the pressure roller 70 and the 
output device of the heat rays 76 (not shown) move or one 
making the pressure roller 70 rotate at a constant position 
and making the electrophoretic display 200 move. 
0094. It is also possible to use two pressure rollers to grip 
the electrophoretic display 200 and press the electrophoretic 
display 200 from the display surface side and the back side. 
0095 AS described above, it is also possible to use the 
pressure roller 70, heat rays 76, and heat curing binder 58L 
to obtain the electrophoretic display 250 according to the 
Second embodiment. 

0096) Note that in the electrophoretic display 200 shown 
in FIG. 5, it is also possible to provide holes in the 
transparent substrate 53 or the back substrate 52 in advance 
so that the moisture in the liquid binder 58W are ejected at 
the time of pressure or heating and to close the holes after 
curing of the liquid binder 58W. 
0097. Further, the moisture may be made to be ejected at 
the time of pressure or heating from the edges of the 
transparent substrate 53 or the back substrate 52 and the 
microcapsules 56A and binder 58WA Sealed between the 
substrates 52 and 53 after the curing of the liquid binder 
58W. 

0098. Further, it is possible to use a heat shrinking 
material as the binder 58W and making the liquid binder 
58W shrink and cure by heating while using the pressure 
roller 70 to flatten the microcapsules 56. 
0099. In the embodiments, the transparent electrode of 
the transparent substrate 53 may be made an ITO film by 
Sputtering. Also, it is possible to make the back electrode of 
the back Substrate 52 a copper foil and irradiate slit light or 
heat rays from the transparent substrate 53 side. 
0100. It is also possible to interpose spacers between the 
Substrates So as to maintain the distance between the Sub 
Strates at a constant distance at the time of the final shaping 
of the electrophoretic display. The Spacers may be made of 
a photocuring or heat curing material. 
0101. In the electrophoretic display according to the 
above embodiment, Since at least the display Surface Side of 
the microcapsules is flattened, it is possible to reduce the 
gaps between the microcapsules where the binder is present 
at the display Surface Side compared with when the micro 
capsules between the Substrates are spherical and therefore 
possible to increase the change of contrast. 

0102 Also, since at least the display surface side of the 
microcapsules is flattened, it is possible to reduce the 
distance between Substrates compared with when the micro 
capsules between the Substrates are spherical and therefore 
possible to reduce the difference of application Voltage 
between electrodes and possible to make the electrophoretic 
display 150, 250 thinner. 
0103). Further, since the microcapsules are sandwiched 
between the transparent substrate 53 and the back substrate 
52 and the display Surface Side and the back Side are 
flattened, the electric field intensity acting on the electro 
phoretic display dispersion can be made Substantially uni 
form and localization of electrophoretic particles can be 
Suppressed. 
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0104 Further, by making the display surface side and the 
back Side of the microcapsules flat, it is possible to further 
reduce the gaps between microcapsules where the binder is 
present and bring the Structure of the electrophoretic display 
close to that of a cell type Structure and possible to improve 
the contrast. 

0105. Further, by reducing the distance between Sub 
Strates, it is possible to improve the response compared with 
before reducing the distance between Substrates. 
0106 For example, the movement speed v of the elec 
trophoretic particles is believed to be Substantially propor 
tional to the electric field intensity Ein. This is expressed as 
following using the proportional constant k. 

v=k-Ein (1) 

0107 Further, the time T required for electrophoretic 
particles to move from one electrode to another electrode 
(response time) is expressed as following using the distance 
between electrodes (distance between Substrates) A. 

TA/y (2) 

0108). The electric field intensity Ein can be found by 
dividing the application voltage (potential difference 
between electrodes) Vin by the distance between electrodes 
A and is expressed by the following. 

0109. By deleting the movement speed v and electric 
field intensity Ein from the above (1) to (3), the response 
time T is expressed as the following. 

T=A/(k Vin) (4) 
0110. According to the above equation (4), the response 
time T is proportional to the Square of the distance between 
electrodes A and is inversely proportional to the application 
voltage Vin. 

0111. According to the above equation (4), when, as one 
example, microcapsules with a diameter of 50 um arranged 
at the maximum density form regular hexagonal columnar 
flat shapes with unchanged volumes, the height of the 
regular hexagonal columns becomes about 30 lim. In this 
case, the distance between electrodes Abecomes about 60%, 
the response time T becomes about 36%, and the display can 
be Switched in about/3 of the time. 

0112 Also, when it is not necessary to reduce the 
response time T, it is possible to reduce the application 
voltage to about/3 and thereby possible to obtain the effects 
of Simplification of the display drive circuit, reduction of 
cost, and prevention of heat buildup. 

0113. Third Embodiment 
0114 FIG. 8 is an elementary and partial sectional view 
of a third embodiment of an electrophoretic display accord 
ing to the present invention. 
0115 The electrophoretic display 300 shown in FIG. 8 
has a Structure Similar to that of the electrophoretic display 
150 shown in FIG. 1, however, in the electrophoretic display 
300, each of transparent electrodes 55' to 55 has two 
separate transparent sub-electrodes 55a and 55b, 55a and 
55b, and, 55a and 55b which may be independently 
applied different polarities of Voltages, and each microcap 
Sule 56A includes two types of electrophoretic particles 57a 

Jan. 29, 2004 

and 57b, having different charging polarities, i.e., + or -, and 
different color characteristics Such as color, hue, etc. 
0116. In this embodiment, first electrophoretic particles 
57a are formed by titanium oxide such as titanium white and 
are charged at a positive (+) polarity, illustrated by Small 
white circles, and second electrophoretic particles 57b are 
formed by carbon black and charged at a negative (-) 
polarity, illustrated by Small black circles. 
0117 The dispersion medium 61 included in each micro 
capsule 56A together with the first and second electro 
phoretic particles 57a and 57b has color and/or hue different 
than that of the first and second electrophoretic particles 57a 
and 57b. 

0118. Each microcapsule 56A has flexibility and has a 
particle flat Sectional shape by performing the proceSS 
described with reference to FIG. 2 to FIG. 3. 

0119) An exemplary operation of the above-described 
structure is described below. 

0120) The transparent electrode 54 is applied with the 
ground potential, OV. In case of (c) in FIG. 8, when a 
positive (+) voltage is applied to both separate transparent 
sub-electrodes 55a and 55b, the second electrophoretic 
particles 57b which are charged at a negative (-) polarity, are 
moved and attached to the transparent Sub-electrodes 55a 
and 55b, and the first electrophoretic particles 57a which 
are charged at a positive (+) polarity, are moved to the 
transparent electrode 54. As a result, the microcapsule 56A 
exhibits a color of that of the first electrophoretic particles 
57b, for example, a black color, with respect to the direction 
of the Substrate 53. 

0121. In case of (a) in FIG. 8, when a negative (-) 
Voltage is applied to both Separate transparent Sub-electrodes 
55a and 55 b, contrary to case (c), the first electrophoretic 
particles 57a are moved and attached to the transparent 
sub-electrodes 55a and 55b, and the second electro 
phoretic particles 57b are moved and attached to the trans 
parent electrodes 54. As a result, the microcapsule 56A 
exhibits a color of that of the Second electrophoretic par 
ticles 57b, for example, a white color, with respect to the 
direction of the Substrate 53. 

0122) In case of (b) in FIG.8, when a positive (+) voltage 
is applied to the transparent Sub-electrode 55a and a 
negative (-) voltage is applied to the transparent Sub 
electrode 55b, the first electrophoretic particles 57a are 
moved and attached to the transparent electrodes 54 and the 
second electrophoretic particles 57b are moved and attached 
to the transparent sub-electrode 55b. As a result, the micro 
capsule 56A exhibits an intermediate color mixed with the 
colors of the first and second electrophoretic particles 57a 
and 57b, for example, a gray color, with respect to the 
direction of the Substrate 53. 

0123. As discussed above, the electrophoretic display 
300 can provide three kinds of colors in cases (a) to (c). 
0.124. In the electrophoretic display 300, of course, the 
microcapsule 56A is deformed in a flat shape and positioned 
at the adjacent transparent Sub-electrodes, for example, 55, a 
and 55b, therefore, the particles in each microcapsule 56A 
are evenly deposited over a plurality of the transparent 
sub-electrodes 55a and 55b to 55a and 55b, and a high 
and constant contrast is achieved. 
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0125) The production of the electrophoretic display 300 
is Substantially equal to that of the electrophoretic displayS 
150 and 250 shown in FIGS. 1 and 4, except for production 
of the microcapsule 56A including the first and Second 
electrophoretic particles 57a and 57b, and production of the 
Separate transparent Sub-electrodes, for example, 55a and 
55b. 

INDUSTRIAL APPLICABILITY 

0126. In the electrophoretic display according to the 
present invention, by flattening the display Surface Side of 
the plurality of microcapsules, it is possible to reduce the 
gaps between microcapsules and improve the contrast and 
possible to improve the quality. 
0127. Further, it is possible to make the electrophoretic 
display thinner. 
0128. Further, with an electrophoretic display according 
to the present invention, Since the display Surface Side and 
the back Side of the plurality of microcapsules are flattened, 
the electric field intensity acting on the electrophoretic 
display dispersion can be made uniform, localization of the 
electrophoretic particles can be Suppressed, and the quality 
can be further improved. 
0129. According to the method of production of an 
electrophoretic display according to the present invention, it 
is possible to produce an electrophoretic display where at 
least the display Surface Side of the plurality of microcap 
Sules is flattened and possible to obtain a thin electrophoretic 
display with improved contrast. 

What is claimed is: 
1. An electrophoretic display, comprising: 
a microcapsule including a liquid phase dispersion 
medium and a plurality of electrophoretic particles, 

a first Substrate having a first electrode, 
a Second Substrate facing the first Substrate, and having a 

Second electrode, the microcapsule being Sandwiched 
between the first and the Second Substrates, 

wherein the microcapsule is in contact with at least one of 
the Substrates, and has a flat shape at the interface with 
the one of the Substrates, and 

wherein the electrode is capable of applying a Voltage to 
the microcapsule. 

2. An electrophoretic display of claim 1, wherein the 
plurality of electrophoretic particles comprises a first par 
ticle, and a Second particle providing a color different to that 
of the first particles. 

3. An electrophoretic display of claim 2, wherein the 
liquid phase dispersion medium has transparency. 

4. An electrophoretic display of claim 1, wherein the 
plurality of electrophoretic particles comprises first and 
Second particles, one of which is positively charged with 
electricity and the other of which is negatively charged. 

5. An electrophoretic display of claim 1, further compris 
ing a binder, which is positioned between the Substrates, for 
immobilizing the microcapsules. 

6. An electrophoretic display of claim 1, wherein the 
electrode of one of the first and the second Substrates is 
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divided into a plurality of parts, Voltages are independently 
applied to each part, and the microcapsule is positioned 
between the parts. 

7. An electrophoretic display of claim 6, wherein the 
microcapsule is in contact with each of the parts and has a 
flat shape at the interface with each of the parts. 

8. An electrophoretic display, comprising: 
a microcapsule including a liquid phase dispersion 
medium and electrophoretic particles, 

means for applying Voltages to the microcapsules, and 
means for applying a pressure to the microcapsule while 

Supporting the microcapsule, 

the pressure being applied to the microcapsule in a 
pressing direction, whereby a part of the microcapsule 
becomes flat at the interface thereof and a length of the 
microcapsule in the pressing direction is shorter than 
that in a vertical direction thereof. 

9. An electrophoretic display of claim 8, wherein the 
liquid phase dispersion medium has transparency. 

10. An electrophoretic display of claim 9, wherein the 
plurality of electrophoretic particles comprising a first and 
Second particles, one of which is positively charged and the 
other of which is negatively charged. 

11. An electrophoretic display of claim 10, further com 
prising a means for immobilizing the microcapsule. 

12. An electrophoretic display, comprising: 
a microcapsule including a liquid phase dispersion 
medium and electrophoretic particles, 

means for applying Voltages to the microcapsule, which is 
capable of applying different Voltages to the microcap 
Sule at a time, and 

means for applying a pressure to the microcapsule while 
Supporting the microcapsule, the pressure being applied 
to the microcapsule in a pressing direction, whereby a 
part of the microcapsule becomes flat at the interface 
thereof and a length of the microcapsule in the pressing 
direction is shorter than in a vertical direction thereof. 

13. An electrophoretic display, comprising: 
a microcapsule including a liquid phase dispersion 
medium, and at least two types of electrophoretic 
particles, 

a first electrode, and 

a Second electrode facing the first Substrate and compris 
ing first and Second electrically Separated Sub-elec 
trodes, 

the microcapsule having a partially flat shape and posi 
tioned between the first electrode and the first and 
Second Sub-electrodes of the Second electrode, and 

the two types of electrophoretic particles having color 
characteristics and being charged with different polari 
ties. 

14. A method of producing an electrophoretic display, 
including the Steps of: 

providing at least two types of electrophoretic particles 
having different color characteristics and charged with 
different polarities, 
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forming a microcapsule by inserting therein and Sealing 
therein a liquid phase dispersion medium and the two 
types of electrophoretic particles, 

forming a first electrode, 
forming a Second electrode comprising first and Second 

electrically Separated Sub-electrodes; 
arranging the first and Second electrodes to face each 

other; 
housing the microcapsule and a liquid binder between the 

first and Second electrode, 
applying pressure between the first and Second electrodes 

So that the microcapsule is deformed to have a partial 
flat shape in a Sectional plane along a first direction 
perpendicular to parallel planes of the first and Second 
electrodes and the partially flatted microcapsule is 
contacted to the first and Second Sub-electrode of the 
Second electrode and the first electrode. 

15. A method of producing an electrophoretic display as 
set forth in claim 14, wherein: 

Said binder comprises a photocuring or heat curing binder 
and 

further including a step of giving light or heat correspond 
ing to Said binder near the microcapsule flattened by 
Said pressure to cause Said binder to cure. 

16. A method of producing an electrophoretic display as 
Set forth in claim 14, further including a Step of bringing a 
pressure roller into contact with an outer Surface of Said first 
or Second Substrates and making Said pressure roller rotate 
So as to Successively flatten a plurality of microcapsules. 

17. An electrophoretic display, comprising: 
a first Substrate comprising a first electrode, 
a Second Substrate comprising a Second electrode 

arranged in parallel with Said first electrode, and 
a microcapsule containing a dispersion comprising a 

liquid phase dispersion medium and at least one kind of 
electrophoretic particles, arranged between Said first 
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and Second electrodes So as to contact each electrode, 
and deformed in a flat shape along Said first electrode 
at least at Said first electrode Side. 

18. An electrophoretic display as set forth in claim 17, 
wherein Said microcapsule is formed in a flat shape along 
Said Second electrode at Said Second electrode Side. 

19. A method of producing an electrophoretic display 
having a microcapsule containing a dispersion comprising a 
liquid phase dispersion medium and at least one kind of 
electrophoretic particles, a first Substrate comprising a first 
electrode, and a Second Substrate comprising a Second 
electrode, 

including the Steps of; 
housing Said microcapsule and a liquid binder between 

Said first and Second Substrates So that Said micro 
capsule faces said first and Second electrodes via Said 
binder; 

applying pressure to Said first or Second Substrate to 
flatten Said microcapsule between Said Substrates, 
and 

causing Said binder near Said microcapsule flattened by 
Said pressure to cure So as to fix Said flattened 
microcapsule to at least Said first Substrate. 

20. A method of producing an electrophoretic display as 
set forth in claim 19, wherein: 

Said binder comprises a photocuring or heat curing binder 
and 

further including a step of giving light or heat correspond 
ing to Said binder near the microcapsule flattened by 
Said preSSure to cause Said binder to cure. 

21. A method of producing an electrophoretic display as 
Set forth in claim 19, further including a Step of bringing a 
preSSure roller into contact with an Outer Surface of Said first 
or Second Substrates and making Said pressure roller rotate 
So as to Successively flatten a plurality of microcapsules. 


