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ELECTRONIC PAPER PRINTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a printer for electronic 
paper. 

[0003] 2. Description of the Related Art 

[0004] A segmented type of electrophoretic display is 
knoWn (Barrett Comiskey, Jonathan D. Albert, and Joe 
Jacobson, “Electrophoretic Ink: A printable display mate 
rial,” Proceedings of SID 97 in Boston (1997)). 

[0005] In such an electrophoretic display, segments in the 
display are con?gured by a plurality of micro-capsules that 
employ electrophoresis, such that, by applying a voltage to 
a target segment, the color of that segment changes, either 
partially or entirely. 

[0006] HoWever, there has not been an electronic paper 
printer for describing display patterns on reWritable elec 
tronic paper Wherein the electrophoresis noted above is 
used. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide an 
electronic paper printer capable of describing display pat 
terns properly and de?nitely on reWritable electronic paper. 

[0008] Such an object is realiZed by the inventions 
described beloW in (1) to (26). 

[0009] (1) An electronic paper printer for describing dis 
play patterns on electronic paper, comprising: a plurality of 
capsules inside of Which charged particles move, Whereby 
colors are changed and display patterns are displayed; and a 
head for describing display patterns on the electronic paper; 
Wherein: the charged particles inside the capsules are caused 
to move by applying an electric ?eld to the electronic paper; 
and the portion of the head Which contacts the electronic 
paper is given a curved shape. 

[0010] (2) The electronic paper printer described above in 
(1), Wherein the head is con?gured by at least a pair of 
drums. 

[0011] (3) The electronic paper printer described above in 
(2), Wherein at least one drum of the pair of drums has, on 
the outer circumferential surface thereof, a plurality of pixel 
electrodes that form electric ?elds that are applied to the 
electronic paper. 

[0012] (4) The electronic paper printer described above in 
(2), Wherein one drum of the pair of drums has, on the outer 
circumferential surface thereof, a plurality of pixel elec 
trodes that form electric ?elds that are applied to the 
electronic paper, and the other drum thereof has, on the outer 
circumferential surface thereof, a common electrode that 
forms the electric ?elds together With the pixel electrodes. 

[0013] (5) The electronic paper printer described above in 
(3) or (4), Wherein the plurality of pixel electrodes is 
deployed in a matrix arrangement. 

[0014] (6) The electronic paper printer described above in 
(3), (4), or (5), having a plurality of sWitching elements that 
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can sWitch betWeen forming and extinguishing the electric 
?elds produced by the plurality of pixel electrodes. 

[0015] (7) The electronic paper printer described above in 
(6), Wherein the sWitching elements are thin ?lm transistors. 

[0016] (8) An electronic paper printer for describing dis 
play patterns on electronic paper, comprising: a plurality of 
capsules inside of Which charged particles move, Whereby 
colors are changed and display patterns are displayed; and a 
drum-shaped head for describing display patterns on the 
electronic paper; Wherein: the charged particles inside the 
capsules are caused to move by applying an electric ?eld to 
the electronic paper; and the con?guration is such that the 
display patterns are described by patterns applied from the 
head to the electronic paper. 

[0017] (9) The electronic paper printer described above in 
any one of inventions (1) to (8), Wherein the head has an 
erasing head for erasing display patterns described on the 
electronic paper and a describing head for describing display 
patterns on the electronic paper. 

[0018] (10) The electronic paper printer described above 
in any one of inventions (1) to (8), Wherein the head is 
con?gured so that overWriting is possible. 

[0019] (11) An electronic paper printer for describing 
display patterns on electronic paper, comprising: a plurality 
of capsules inside of Which charged particles move, Whereby 
colors are changed and display patterns are displayed; a 
describing head for describing display patterns on the elec 
tronic paper; and an erasing head for erasing display patterns 
described on the electronic paper; Wherein: the portion or 
portions of the describing head and/or the erasing head that 
contact the electronic paper are given a curved shape. 

[0020] (12) The electronic paper printer described above 
in (11), Wherein the erasing head is con?gured by a pair of 
drums having a single electrode on the outer circumferential 
surfaces thereof. 

[0021] (13) The electronic paper printer described above 
in (11), Wherein at least one head of the describing head and 
the erasing head is con?gured by a pair of drums. 

[0022] (14) The electronic paper printer described above 
in (13), Wherein at least one drum of the pair of drums has, 
on the outer circumferential surface thereof, a plurality of 
pixel electrodes that form electric ?elds that are applied to 
the electronic paper. 

[0023] (15) The electronic paper printer described above 
in (13), Wherein one drum of the pair of drums has, on the 
outer circumferential surface thereof, a plurality of pixel 
electrodes that form electric ?elds that are applied to the 
electronic paper, and the other drum thereof has, on the outer 
circumferential surface thereof, a common electrode that 
forms the electric ?elds together With the pixel electrodes. 

[0024] (16) The electronic paper printer described above 
in (14) or (15), Wherein the plurality of pixel electrodes is 
deployed in a matrix arrangement. 

[0025] (17) The electronic paper printer described above 
in (14), (15), or (16), having a plurality of sWitching 
elements that can sWitch betWeen forming and extinguishing 
the electric ?elds produced by the plurality of pixel elec 
trodes. 
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[0026] (18) The electronic paper printer described above 
in (17), Wherein the switching elements are thin ?lm tran 
sistors. 

[0027] (19) An electronic paper printer for describing 
display patterns on electronic paper, comprising: a plurality 
of capsules inside of Which charged particles move, Whereby 
colors are changed and display patterns are displayed; and 
an overWrite-capable head for describing display patterns on 
the electronic paper; Wherein: the charged particles inside 
the capsules are caused to move by applying an electric ?eld 
to the electronic paper; and the portion of the head Which 
contacts the electronic paper is given a curved shape. 

[0028] (20) The electronic paper printer described above 
in (19), Wherein the head has a pair of drums, and each drum 
of the pair of drums has, on the outer circumferential surface 
thereof, a plurality of piXel electrodes that form electric 
?elds that are applied to the electronic paper. 

[0029] (21) The electronic paper printer described above 
in (19), Wherein the head has a pair of drums, and one drum 
of the pair of drums has, on the outer circumferential surface 
thereof, a plurality of piXel electrodes that form electric 
?elds that are applied to the electronic paper, and the other 
drum thereof has, on the outer circumferential surface 
thereof, a common electrode that forms the electric ?elds 
together With the piXel electrodes. 

[0030] (22) The electronic paper printer described above 
in (21), con?gured such that tWo electric ?elds oriented in 
different directions betWeen the common electrode and the 
piXel electrodes can be selectively formed by setting the 
electrical potential of the common electrode at a prescribed 
value. 

[0031] (23) The electronic paper printer described above 
in any one of (20), (21), or (22), Wherein the plurality of 
piXel electrodes is deployed in a matriX arrangement. 

[0032] (24) The electronic paper printer described above 
in any one of inventions (20) to (23), having apluralityof 
sWitching elements that can sWitch betWeen forming and 
extinguishing the electric ?elds produced by the plurality of 
piXel electrodes. 

[0033] (25) The electronic paper printer described above 
in (24), Wherein the sWitching elements are thin ?lm tran 
sistors. 

[0034] (26) The electronic paper printer described above 
in any one of inventions (1) to (25), Wherein the electronic 
paper has a base layer and an electronic ink layer, and the 
plurality of capsules is dispersed in the electronic ink layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a side elevation representing a ?rst 
embodiment of the electronic paper printer of the present 
invention; 
[0036] FIG. 2 is a cross-sectional vieW of an eXample 
con?guration of electronic paper in the present invention; 

[0037] FIG. 3 is a cross-sectional vieW representing a 
micro-capsule in the electronic paper diagrammed in FIG. 
2; 
[0038] FIG. 4 is a block diagram representing in model 
form the condition Wherein a circuit board is deployed in the 
present. invention; 
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[0039] FIG. 5 is a side elevation representing one piXel in 
a describing head in the present invention; 

[0040] FIG. 6 is a side elevation representing one piXel in 
an erasing head in the present invention; 

[0041] FIG. 7 is a cross-sectional vieW representing an 
eXample con?guration of the electronic paper in the present 
invention; 
[0042] FIG. 8 is a cross-sectional vieW representing an 
eXample con?guration of the electronic paper in the present 
invention; 
[0043] FIG. 9 is a side elevation representing an erasing 
head in a second embodiment of the electronic paper printer 
of the present invention; 

[0044] FIG. 10 is a side elevation representing a third 
embodiment of the electronic paper printer of the present 
invention; 
[0045] FIG. 11 is a side elevation representing one piXel 
in a describing head in the present invention; 

[0046] FIG. 12 is a side elevation representing one piXel 
in an erasing head in the present invention; 

[0047] FIG. 13 is a side elevation representing a fourth 
embodiment of the electronic paper printer of the present 
invention; 
[0048] FIG. 14 is a diagram (theory diagram for method 
1) representing the voltage potential on the upper electrodes 
in drums, and a display pattern corresponding thereto, in the 
present invention; 

[0049] FIG. 15 is a diagram (theory diagram for method 
2) representing the voltage potential on the upper electrodes 
in drums, and a display pattern corresponding thereto, in the 
present invention; and 

[0050] FIG. 16 is a side elevation representing another 
eXample con?guration of a head in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0051] The electronic paper printer (electronic paper print 
ing apparatus) of the present invention is noW described in 
detail With reference to the best embodiments diagrammed 
in the draWings. 

[0052] FIG. 1 is a side elevation representing a ?rst 
embodiment of the electronic paper printer of the present 
invention. 

[0053] An electronic paper printer 1 indicated in FIG. 1 is 
an apparatus for describing (printing) prescribed display 
patterns displays such as teXt characters, numbers, and 
graphics pictures on electronic paper 2 that Will be described 
subsequently. 
[0054] This electronic paper printer 1 has a describing 
head (?rst head) 3 for describing display patterns on the 
electronic paper 2, an erasing head (second head) 4 for 
erasing display patterns that have been described on the 
electronic paper 2, a drive mechanism (not shoWn) for 
driving the describing head 3 and erasing head 4 so that they 
revolve, and a conveyor mechanism (not shoWn) for con 
veying the electronic paper 2. The direction of arroW A in 
FIG. 1 is the direction the electronic paper 2 is conveyed in. 
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[0055] FIG. 2 is a cross-sectional diagram of an example 
con?guration for the electronic paper 2. FIG. 3 is a cross 
sectional diagram of a micro-capsule in the electronic paper 
diagrammed in FIG. 2. 

[0056] The electronic paper 2 diagrammed in FIG. 2 
constitutes display means (display media) capable of reWrit 
ing and erasing display patterns using electrophoresis. 

[0057] This electronic paper 2 comprises paper (a sheet 
form base layer exhibiting ?exibility) 21 and an electronic 
ink layer 22 formed on the paper 21. The surface on the 
upper side of this electronic ink layer 22, as diagrammed in 
FIG. 2, is a display surface 20 Whereon display patterns are 
displayed. 
[0058] The electronic ink layer 22 comprises a transparent 
binder 23 exhibiting light transmissivity and a plurality of 
microcapsules 24 Which are ?xed in a state Wherein they are 
uniformly dispersed in the binder 23. 

[0059] It is desirable that the thickness a of the electronic 
ink layer 22 be from 1.5 to 2 times the outer diameter (i.e. 
diameter) b of the micro-capsules 24. 

[0060] Polyvinyl alcohol or the like can be used as the 
binder 23. 

[0061] As diagrammed in FIG. 3, each micro-capsule 24 
has a main capsule body 25 that is shaped as a holloW sphere 
and exhibits light transmissivity. The interior of this main 
capsule body 25 is ?lled With a liquid solvent 26. In this 
liquid 26 is dispersed a plurality of charged particles 27 
having negative charges. 
[0062] Each charged particle 27 comprises a nucleus 28 
and a covering layer 29 that covers the nucleus 28. 

[0063] The colors of the charged particles 27 and the 
liquid 26 are set so as to be mutually different. If the color 
of the charged particles 27 is made White, for example, the 
color of the liquid 26 might be made blue, red, green, or 
black. 

[0064] When an external electric ?eld (i.e. electric ?eld) is 
applied to the micro-capsule 24, the charged particles 27 
move, inside the main capsule body 25, in a direction 
opposite the direction of the electric ?eld. 

[0065] If, for example, a positively charged electrode is 
positioned above the micro-capsule 24 (display surface 20 
side), as diagrammed in FIG. 3, an electric ?eld is produced 
that is directed toWard the bottom in FIG. 3, as a conse 
quence Whereof the charged particles 27 move (?oat up) to 
the upper side, as diagrammed in FIG. 3, inside the main 
capsule body 25. Due to these charged particles 27, the color 
of the upper side of the micro-capsule 24, as diagrammed in 
FIG. 3, Will turn White. 

[0066] Conversely, if a negatively charged electrode is 
positioned on the upper side of the micro-capsule 24, as 
diagrammed in FIG. 3, an electric ?eld Will be produced that 
is directed toWard the upper side, in FIG. 3. As a conse 
quence, the charged particles 27 Will move doWn (sink) 
toWard the loWer side in the main capsule body 25, as 
diagrammed in FIG. 3. In this case, the liquid 26 is 
positioned on the upper side in the main capsule body 25, as 
diagrammed in FIG. 3, Wherefore, if the color of the liquid 
is blue, the color of the upper side of the micro-capsule 24, 
as diagrammed in FIG. 3, Will become blue. 
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[0067] The micro-capsules 24 are con?gured such that the 
speci?c gravity of the liquid 26 and the speci?c gravity of 
the charged particles 27 become equal. 

[0068] Thus, the charged particles 27, after moving either 
up or doWn, as diagrammed in FIG. 3, can remain in a 
certain position for a long period of time, even if the electric 
?eld disappears, the color on the upper side of the micro 
capsule 24, as diagrammed in FIG. 3, can be maintained 
White, and the color of the liquid can be maintained blue, for 
example, for a long time. In other Words, the display on the 
electronic paper 2 can be maintained for a long period of 
time. 

[0069] In order to make the speci?c gravity of the liquid 
26 and the speci?c gravity of the charged particles 27 equal, 
furthermore, the thickness d of the covering layer 29, for 
example, may be adjusted. 

[0070] The outer diameter b of the micro-capsule 24 
should be 180 pm or less, With 10 to 20 pm or so being 
preferable. 

[0071] TiO2 (rutile structure) or the like, for example, can 
be used for the nuclei 28 of the charged particles 27. 

[0072] A polyethylene or the like, for example, can be 
used for the covering layer 29 of the charged particles 27. 

[0073] For the liquid 26, a solution can be used Wherein an 
anthraquinone-based dye is dissolved in ethylene tetrachlo 
ride and isoparaf?n, for example. 

[0074] As diagrammed in FIG. 1, the describing head 3 is 
con?gured by a pair of drums 31 and 32 supported so that 
they can freely turn. The outer diameter of the drum 31 and 
the outer diameter of the drum 32 are set so as to be identical. 

[0075] The outer diameter of the drums 31 and 32 is not 
particularly limited, but 3 to 30 cm or so is desirable. 

[0076] By making the outer diameters of the drums 31 and 
32 large, the area of contact betWeen the drums 31 and 32 
and the electronic paper 2 can be increased, thereby enhanc 
ing the display pattern describing speed. 

[0077] These drums 31 and 32 have axes (turning axes 312 
and 322), respectively, Which are mutually parallel, and the 
drums 31 and 32 are positioned so that the distance betWeen 
the outer circumferential surfaces thereof is a prescribed 
distance. These drums 31 and 32 are also positioned so that 
the drum 31 is on the upper side, as diagrammed in FIG. 1, 
that is, on the electronic ink layer 22 side of the electronic 
paper 2, and so that the drum 32 is on the loWer side, as 
diagrammed in FIG. 1, that is, on the paper 21 side of the 
electronic paper 2. 

[0078] The interval betWeen the outer circumferential sur 
face of the drum 31 and the outer circumferential surface of 
the drum 32 is set so that the electronic paper 2 can pass 
betWeen the drum 31 and the drum 32, and so that the drum 
31 and the drum 32 can apply pressure and electric ?elds on 
the electronic paper 2 as suf?cient and as necessary. 

[0079] The drum 31 has a cylindrical drum body 311. On 
the outer circumferential surface of this drum body 311 is 
deployed a circuit board 313 comprising a plurality of pixel 
electrodes (upper electrodes). This circuit board 313 Will be 
described in detail subsequently. 




















