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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a display de-
vice, a display unit, and to a method for producing the
display device and the display unit. More specifically, the
present invention relates to a display device which may
be used as a display of a personal computer, a-mobile
phone, a mobile terminal, etc., or which may be used as
an independent portable display, such as a digital (or
electronic) paper or a digital book that obtains information
from such appliances, to a display unit which form such
a display device, and to a method for producing such
display device and display unit.

2. Description of Related Art

[0002] Display devices such as that shown in FIGS.
9A and 9B are conventionally known as disclosed in U.S.
Patent No. 4,126,854, U.S. Patent No. 4,143,103, and
Japanese Unexamined Patent Application, First Publica-
tion, No. Hei 1-282589. In the display device shown in
FIGS. 9A and 9B, particles are used as the display me-
dium, each of which has a hemisphere portion having a
color different from the color of the other hemisphere por-
tion. That is, a dispersed particle rotation type panel dis-
play 5 includes a capsule structure formed in a transpar-
ent substrate 2 of a plate shape in which a rotary particle
1 for display having hemispheres 1a and 1b of different
colors is encapsulated and held in a space 3 of spherical
shape which is filled with a dielectric liquid 4. A transpar-
ent electrode 8 including an electrode 6 and a transparent
panel 7 is closely attached to the front and the back of
the transparent substrate 2 and an electric field is applied
by means of a power source 9 so that an image is formed
by the rotation of the particles 1.
[0003] Also, a device similar to the one described
above having particles of cylindrical shape is disclosed
in Japanese Unexamined Patent Application, First Pub-
lication, No. 2000-89260.
[0004] In general, an electric double layer is formed
around a particle which is present in a liquid due to trans-
fer of electric charge between the particle and the liquid.
As a result, the particle is electrified positively or nega-
tively. A rotatable particle for display is formed so as to
have at least two areas of different colors and different
electrification characteristics in a liquid. When an electric
field is applied to such a particle, one of the areas of the
particle is aligned in one direction due to a torque which
acts to align the pole axis of the particle with the direction
of the electric field. If the direction of the electric field is
reversed, the particle is turned around and the color of
the particle visible from a viewpoint is changed.
[0005] Since the above-mentioned display device is of
a light reflecting type device, an image formed by the

display device is kind to the eye in the same way as print-
ed matter, and does not cause eyestrain due to flickering
of emitted light.
[0006] The display device may be formed by using the
following method. First, the above-mentioned rotatable
particles for display are mixed with an elastomer, and the
mixture is thermally cured after being formed into a sheet
shape. The mixture is then immersed in a dielectric liquid,
such as an organic solvent or an oil. The liquid acts as a
plasticizer and causes a swelling of the elastomer. Since
the elastomer swells nearly uniformly, a space is gener-
ated around each particle, and at the same time, the
space is filled with the liquid. As a result, the particle is
held in the space surrounded by the liquid. Accordingly,
the particle may freely rotate in the space. As shown in
FIGS. 9A and 9B, an elastomer sheet in which particles,
each of which have hemispheres of two different colors,
are encapsulated in the space 3 of spherical shape filled
with the dielectric liquid 4, may be obtained. The trans-
parent electrodes are disposed so as to sandwich the
elastomer sheet. The transparent electrodes may be
formed by using a transparent conductive membrane
made of, for instance, an indium-tin oxide (ITO).
[0007] However, there are many problems associated
with the above-mentioned manufacturing method and
the display device produced by using the method. That
is, in the above-mentioned manufacturing method, the
process is complicated due to the necessity of, for in-
stance, the thermal curing step after the formation of the
elastomer sheet or the immersion step using the dielec-
tric liquid. Also, since the space 3 is formed by the swell-
ing of the elastomer, the type of the liquid which can be
used in the process is limited. Moreover, since the degree
of the swelling of the elastomer depends on the temper-
ature, it is difficult to obtain spaces 3 of uniform size and
excellent shape, i.e., spaces 3 of spherical shape having
a constant diameter. If the sizes of the spaces 3 are not
uniform and the shapes thereof are irregular, a desired
image cannot be produced with good reproducibility. That
is, if the space 3 is too small for the rotatable particle 1,
or the shape of the space 3 is distorted, the rotation of
the particle in the space 3 is inhibited, and the degree of
rotation of the rotary particle 1 necessary for displaying
an image (180° in general) cannot be obtained when the
rotary particle 1 rotates in accordance with an electric
anisotropy under the influence of the applied external
electric field. On the other hand, if the size of the space
3 is too large for the rotary particle 1, the ratio of the liquid
portion, which does not take part in image display, to the
particle portion becomes relatively too large, and it is dif-
ficult to obtain an image having an excellent contrast.
[0008] We are aware of European Patent Application
Publication number 0 913 803, which discloses cylindri-
cal optically anisotropic particles disposed in a substrate
such that they can rotate in fluid filled tubes. An electric
field can be used to rotate the cylinders about their axis.
Such a display unit forms a pre-characterising portion of
claim 1. We are also aware of United States patent num-

1 2 



EP 1 204 086 B1

3

5

10

15

20

25

30

35

40

45

50

55

bers 5 922 268 and 6 055 091 which both disclose similar
cylindrical elements rotatable in a fluid-filled tube by a
means of an electric field. In German patent application
publication number DE 4008825, cylinders are rotatable
by means of a motor or magnetic coil in order to display
differently coloured portions or cylinders constructed to
form a seven-segmented numerical display.

SUMMARY OF THE INVENTION

[0009] Accordingly, an object of the invention is to pro-
vide a display unit, a display device, and a display method
in which the above-mentioned problems in the production
process and quality of the display are solved, and the
images formed are kind to the eye in a manner similar to
that of printed matter and does not cause eyestrain due
to flicking of emitted light.
[0010] The above object may be achieved by a display
unit, including a transparent hollow tube member; and at
least one display element sealed in the transparent hol-
low tube member, the display element being capable of
rotating independently, wherein the display element has
a surface which is divided into a plurality of area having
different colors, and the display element is polarized to
have at least two poles having a different electrification
state.
[0011] According to an aspect of the invention, we pro-
vide a display unit according to claim 1. Optional features
are set out in the dependent claims.
[0012] In accordance with another aspect of the inven-
tion, the shape of the display element is selected from
the group consisting of a sphere, oval, and cylinder.
[0013] In yet another aspect of the invention, the dis-
play unit further includes a liquid which is sealed in the
hollow tube member, the liquid being present between
the display element and the hollow tube member.
[0014] In yet another aspect of the invention, a plurality
of the display units is arranged over substantially the en-
tire display region of the display device.
[0015] In yet another aspect of the invention, substan-
tially all of the plurality of display units are arranged so
as to be substantially parallel to each other.
[0016] In yet another aspect of the invention, the dis-
play device further includes an electric field application
device which applies an electric field to the display unit.
[0017] The present invention also provides a method
for displaying colors on a display by using the
above-mentioned display device, including the step of:
applying an electric field corresponding to an image sig-
nal to the display element.
[0018] The present invention also provides a method
for producing a display device including at least one dis-
play unit, comprising the steps of: forming a hollow tube
member; introducing a liquid in which display elements
have been dispersed into the hollow tube member; seal-
ing an end portion of the hollow tube member to form a
display unit comprising the hollow tube member in which
the display element is contained; and arranging the dis-

play unit over a display region of the display device.
[0019] In accordance with another aspect of the inven-
tion, the specific gravity of the liquid is close to the specific
gravity of the display element.
[0020] In yet another aspect of the invention, the liquid
is of a two-liquid system formed by combining a first liquid
having higher specific gravity than that of the display el-
ement and a second liquid having lower specific gravity
than that of the display element.
[0021] In yet another aspect of the invention, the hollow
tube member is formed by a method comprising the steps
of: forming a fiber having a two-layer structure; and re-
moving an inner layer of the fiber to produce the hollow
tube member.
[0022] In yet another aspect of the invention, the inner
layer of the fiber is made of a material which may be
dissolved in a solvent.
[0023] The present invention also provides a method
for producing a display device including at least one dis-
play unit, comprising the steps of: forming a fiber having
a three-layer structure, an intermediate layer of the fiber
being formed by a material to be dissolved; dissolving
the intermediate layer of the fiber; sealing an end portion
of the fiber to form a display unit comprising the innermost
layer of the fiber freely rotatable in the outermost layer
of the fiber; and arranging the display unit over a display
region of the display device, wherein the innermost layer
of the fiber functions as a display element and the out-
ermost layer of the fiber functions as a hollow tube mem-
ber.
[0024] In yet another aspect of the invention, the inter-
mediate layer is dissolved by a solvent or by an irradiation
of light.
[0025] In yet another aspect of the invention, the spe-
cific gravity of the intermediate layer, after being dis-
solved, is substantially the same as the specific gravity
of the display element.
[0026] In yet another aspect of the invention, the dis-
play element of the display unit is cut by using a laser
beam, a rotary knife, or a straight knife.
[0027] According to embodiments of the present in-
vention, since each display unit is independent to each
other, it may be produced by using a simple manufactur-
ing method, such as a coating method. For example, a
display device may be produced by dispersing display
units in a liquid and applying it onto a sheet shape sup-
porting medium, or by spreading it onto a mesh type sup-
porting medium and then removing the liquid so that the
display units are entangled to be a sheet shape. If the
display units are arranged in a certain direction when
produced, it becomes possible to arrange the display
units in parallel, or if they are laminated in an orthogonal
direction (i.e., a vertical direction), it is possible to form
a display region in a lattice form. Also, since display el-
ements or a liquid is sealed in the display unit, the type
of the liquid to be sealed in the display unit may be arbi-
trary selected. Moreover, if a method such as a melt spin-
ning method is adapted for producing a hollow tube mem-
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ber of the display unit, it becomes possible to produce
the hollow tube member with high accuracy as compared
with a case where a spherical space is formed by swelling
of an elastomer. According to the present invention, as
mentioned above, the rotation of the display element is
not interfered and it becomes possible to form an excel-
lent image. Further, as shown in FIG. 2, the display ele-
ment in the display unit may be shown larger than its
actual size due to a so-called "convex lens effect" of the
side surface (i.e., the circumferential surface) of the hol-
low tube member containing a transparent liquid. There-
fore, the apparent surface area of the display element
with respect to the entire display region is shown larger
than its actual area, and as a result, an excellent contrast
may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Some of the features and advantages of the
invention have been described, and others will become
apparent from the detailed description which follows and
from the accompanying drawings, in which:

FIG. 1A is a schematic diagram showing a display
device according to an embodiment of the present
invention in which display units are formed into a
sheet shape, and power sources and wires for ap-
plying an electric field to the display elements are
provided with the display device, and FIG. 1B is a
diagram showing the relationship between the dis-
play unit and the display elements in an enlarged
scale;
FIG. 2 is a schematic diagram showing display units
according to an embodiment of the present inven-
tion;
FIG. 3A is a schematic diagram showing a state of
an image display before the display device is actu-
ated;
FIG. 3B is a schematic diagram showing a state of
the image display after the display device is actuat-
ed;
FIG. 4 is a diagram showing a state of an image
display viewed from the top before the display device
is actuated;
FIG. 5 is a diagram showing a state of the image
display viewed from the top during the actuation of
the display device, i.e., when information is being
written;
FIG. 6 is a diagram showing a state of the image
display viewed from the top after the display device
is actuated, i.e., when writing of the information is
completed;
FIG. 7 is a schematic diagram for explaining a pro-
duction of spherical display elements;
FIG. 8 is a schematic diagram showing a mouthpiece
of an extruder which may be used for a production
of hollow tube member according to an embodiment
of the present invention; and

FIGS. 9A and 9B are diagrams showing a conven-
tional display device including display elements.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The invention summarized above and defined
by the enumerated claims may be better understood by
referring to the following detailed description, which
should be read with reference to the accompanying draw-
ings. This detailed description of particular preferred em-
bodiments, set out below to enable one to build and use
particular implementations of the invention, is not intend-
ed to limit the enumerated claims, but to serve as partic-
ular examples thereof.

Display element

[0030] According to an embodiment of the present in-
vention, display elements placed in hollow tube members
are independently rotated by an external driving force to
form an image. As a source of the external force, an elec-
tric field is most typical but other sources, such as mag-
netic field, light, heat, and so forth may also be utilized.
[0031] As shown in FIGS. 1 A and 1B, the display el-
ement according to an embodiment of the present inven-
tion has a cylindrical shape, and the side surface (i.e.,
the circumferential surface) thereof is divided into at least
two areas having different colors. For example, a half of
the side surface of the display element may be white and
the other half may be black. Alternatively, the side surface
of the display element may be divided into three areas
of, for example, red, blue, and yellow, or may be divided
into four areas of red, blue, yellow, and black. In any
case, the part of the display element which is visible from
the surface of the display device, which contains a plu-
rality of the arranged display elements, forms a color dot,
and a letter or an image is formed by a plurality of the
dots so arranged.
[0032] Examples of a method for partitioning the elec-
trification state of the display element include a formation
of an electret fiber, an injection of an ionic material into
a resin, an injection of a magnetic element into a resin,
and a coating or a vapor deposition of a foreign material
onto a single material. The partitioning of electrification
state of the display clement includes not only the combi-
nation of positive and negative electric states but also
the combination of strongly positive and weakly positive,
strongly negative and weakly negative, and so forth.
Moreover, the concept of the partitioning of electrification
state includes the combination of the S pole and the N
pole in the magnetic field. In addition, the color of the
surfaces of the display element may be differentiated by
using the color of the material used, by mixing, coating,
or vapor depositing a coloring element, or painting the
surface of the display element.
[0033] The shape of the display element is not limited
to the cylindrical shape, and it may be a square rod, a
hexagonal rod, and so forth. Also, it is possible to form
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the display element into a spherical shape or an oval
shape. In any case, the shape of the display element is
not limited as long as the display element is capable of
independently rotating in a hollow tube member. Further-
more, even for the case in which the display clement is
in a spherical shape or in an oval shape, the display el-
ement has at least two areas of different colors.
[0034] As an example, a case in which an electric field
is used as a driving force for a cylindrical display element
will be explained. Since the display element is designed
so that the electrification state thereof differs in a half of
the circumferential portion with respect to the other half,
each display element changes its direction when an elec-
tric field is externally applied to the display device based
on an image signal, in accordance with the direction of
the electric field due to the force of the electric field on
the surface charge of the display element. Among a plu-
rality of colors on the circumferential surface of the dis-
play element, one which corresponds to the image signal
becomes visible from an external point of view through
the transparent tube member. Once the display element
changes its direction and the position thereof is fixed for
a certain period, the fixed state, or the display state, of
the display element is maintained even if the application
of the electric field is stopped, due to the static friction
which acts between the outer surface of the display ele-
ment and the inner surface of the tube member, or be-
tween the outer surface of the display element and a
liquid contained in the space.

Hollow tube member and display unit

[0035] According to an embodiment of the present in-
vention, the hollow tube member and a display unit may
be produced in accordance with the following proce-
dures:

(1) a polymeric fiber having a two-layer structure of
substantially concentric circles is formed by using,
for instance, a melt spinning method, and the poly-
meric fiber is stretched to obtain a fiber having an
external diameter of about 20-200 Pm. The resin
used for forming the inner layer of the fiber is a resin
which may be dissolved in water or an organic sol-
vent after the formation of the fiber. By removing the
inner layer using water or an organic solvent, a hol-
low fiber may be obtained. Alternately, if a fluid (e.g.,
a gas, a liquid, etc.) is introduced beforehand instead
of the soluble resin forming the inner layer, it be-
comes unnecessary to remove the resin afterwards,
and hence, the hollow fiber may be produced in an
easier and simpler manner. It is preferable to use a
gas, such as nitrogen gas or air, as the fluid intro-
duced. Then, a liquid in which display elements have
been dispersed is introduced into the above-men-
tioned transparent hollow fiber. More specifically, a
plurality of the hollow fibers in a bundle is placed in
a chamber and the chamber is vacuumed. Then, the

liquid in which the display elements are dispersed is
introduced into the chamber so that the liquid is
drawn into and fills the inside of the hollow fiber. After
that, an end portion of the fiber is plugged or sealed
while being cut to an appropriate length to form a
display unit including a hollow tube member in which
display elements are contained.
It is preferable to use a liquid whose specific gravity
is close to that of the display element as the liquid
for dispersing (or suspending) the display element.
If the specific gravity of the liquid is too high, the
display element strongly contacts the hollow tube
member due to the buoyancy of the display element.
If the specific gravity of the liquid is too low, the dis-
play element also strongly contacts the hollow tube
member due to gravity acting on the display member.
In both cases, since the display element strongly
contacts the hollow tube member, there is a danger
that the rotary motion of the display element will be
inhibited when an electric field is impressed on the
display element. If an appropriate liquid is not avail-
able, it is possible to employ a two-liquid system
formed by combining a liquid having higher specific
gravity than the display element and a liquid having
lower specific gravity than the display element.
(2) A polymeric fiber having a three-layer structure
of substantially concentric circles is formed by using,
for instance, a melt spinning method, and the poly-
meric fiber is stretched to obtain a fiber having an
external diameter of about 20-200 Pm. The inner-
most layer is formed by a fiber which forms a display
element, and the outermost layer forms a hollow tube
member. The intermediate layer is formed by a ma-
terial which may be dissolved by a solvent. The fiber
obtained in this manner is cut from the outermost
layer to the innermost layer, and is then immersed
in a solvent which dissolves only the intermediate
layer among the three layers. After this, both ends
of the fiber arc sealed to form a display unit having
a space between a display element and a tube mem-
ber so that the display element of cylindrical shape
may freely rotate in the tube member. It is possible
to cut only the innermost layer to produce a plurality
of display elements in the hollow tube member. Also,
for the same reasons mentioned above, it is prefer-
able that the specific gravity of the solvent, after the
intermediate layer has been dissolved in it, be sub-
stantially the same as the specific gravity of the dis-
play element.
(3) A polymeric fiber having a two-layer structure of
substantially concentric circles is formed by using,
for instance, a melt spinning method, and the poly-
meric fiber is stretched to obtain a fiber having an
external diameter of about 20-200 Pm. The inner lay-
er is formed by a fiber which forms a display element,
and the outer layer forms a hollow tube member.
During the melt spinning process, a releasing mate-
rial, such as silicone oil, is placed between the inner
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layer and the outer layer. It is preferable that the spe-
cific gravity of the silicone oil be also similar to the
specific gravity of the display element.
(4) A polymeric fiber having a three-layer structure
of substantially concentric circles is formed by using,
for instance, a melt spinning method, and the poly-
meric fiber is stretched to obtain a fiber having an
external diameter of about 20-200 Pm. The inner-
most layer is formed by a fiber which forms a display
element, and the outermost layer forms a hollow tube
member. The intermediate layer is formed by a ma-
terial which may be dissolved by light. The fiber ob-
tained is cut from the outermost layer to the inner-
most layer, and then both ends of the fiber are
sealed. After that, when light is irradiated onto the
fiber, the intermediate layer is dissolved by light
which passes through the transparent tube member,
to form a display unit in which the display element
of cylindrical shape may freely rotate in the tube
member. It is possible to cut only the innermost layer
to produce a plurality of display elements in the hol-
low tube member. Also, for the same reasons men-
tioned above, it is preferable that the specific gravity
of a liquid which is produced by dissolving the inter-
mediate layer by light be substantially the same as
the specific gravity of the display element.

[0036] In each of the above-mentioned methods, it is
possible to cut the display element or the display unit by
using a laser beam, a rotary knife, or a straight knife.
When only the innermost layer of the fiber is cut by using
a laser beam from the outside of the tube member, it is
necessary to adjust the wavelength, etc., of the laser
beam by taking into account the material used for each
layer. As for the length of the display element and the
hollow tube member to be cut, it is preferable to be be-
tween about 5 and 100 Pm for the display element, and
between about 5 Pm and the width of the display device
for the hollow tube member. The length of the hollow tube
member is more preferably between about 1 mm and the
width of the display device.

Display device

[0037] According to an embodiment of the present in-
vention, a display device may be produced by, for exam-
ple, applying a liquid in which the above-mentioned dis-
play unit is dispersed onto a thin supporting medium, and
forming the medium into a sheet shape. Alternatively, the
above dispersion liquid containing the display unit may
be spread onto a supporting medium of mesh shape, and
the fluid portion of the dispersion liquid may be removed
to form a sheet having a plurality of display units in an
entangled manner.
[0038] By placing a device which is capable of apply-
ing, for instance, an electric field or a magnetic field onto
portions of the above-mentioned sheet containing the
display units, it becomes possible to write, delete, and

rewrite information by means of the display device. Any
known device which can apply an electric field or a mag-
netic field may be employed. When a pair of electrode
plates is provided with the above display unit, a glass is
generally used for the upper electrode plate. However,
it is possible to use a transparent plastic made of, for
instance, a polycarbonate resin, an acrylic resin such as
polymcthy methacrylate, or a styrene resin such as sty-
rene-acrylonitrile copolymer, and so forth for the upper
electrode plate. It is preferable that the wire of the elec-
trode plate be vapor deposited with ITO. On the other
hand, since the lower side electrode plate need not be
transparent, it may be made of a material which is not
transparent.
[0039] In the following an embodiment of the present
invention will be described with reference to the accom-
panying drawings. FIGS. 3A and 3B are diagrams show-
ing schematic cross-sectional views of a display unit ac-
cording to an embodiment of the present invention. FIG.
3A shows a state of image display before the display
device is actuated, and FIG. 3B shows a state of image
display after the display device is actuated.
[0040] FIGS. 4 through 6 are diagrams showing the
display device according to the embodiment of the
present invention viewed from the top. FIG. 4 shows a
state of image display before the display device is actu-
ated. FIG. 5 shows a state of image display during the
actuation of the display device, i.e., when information is
being written. FIG. 6 shows a state of image display after
the display device is actuated, i.e., when writing of the
information is completed. In FIGS. 4 through 6, although
the length of the display unit is equal to the width of a
image display portion and the display units are arranged
in parallel, the length of the display unit may be shorter
than the width of the image display portion and the display
units may be arranged in different form such as in a tan-
gled state.
[0041] FIGS. 1A and 1B are diagrams showing another
embodiment of the display device according to the
present invention in which a display unit is formed into a
sheet shape and power sources and wires for applying
an electric field to display elements are provided with the
display device. Note that although transparent display
unit outer tubes are not shown accurately in FIG. 1A, the
relationship between the display unit and display ele-
ments is shown in FIG. 1 B magnified. Also, although
electrode plates are not shown in the figures, the display
unit is actually sandwiched by the electrode plates in the
up-and-down direction and at least the upper electrode
is transparent. In this display device, an angular moment
or torque caused by Coulomb force is generated for cer-
tain display elements by an electric field generated be-
tween the two electrode plates so that arbitrary circum-
ferential surfaces of the display elements may be placed
in a visible position. The number of display elements
which correspond to the electric field is not limited and
may be only one or two or more of the display elements
may be operated at a time.
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[0042] Next, embodiments of the present invention will
be described as follows, however, it is understood that
the present invention is not by any means intended to be
limited to those embodiments.

Embodiment 1

[0043] First, spherical display elements were prepared
by using a method disclosed in Japanese Unexamined
Patent Application, First Publication, No. Sho 56-123577.
That is, as shown in FIG. 7, a heat resistant acrylic ad-
hesive layer having a thickness of about 35 Pm was
formed on a surface of a medium made of a polyester
film having a width of about 10 cm. Then, a plurality of
white glass sphere bodies having a diameter of about 50
Pm were arranged on the above-mentioned adhesive
layer to form a monolayer thereof. That is, after a suffi-
cient number of the white glass sphere bodies were ap-
plied onto the adhesive layer of the medium, the sphere
bodies were compressed onto the adhesive layer so that
the half of each of the sphere bodies is embedded in the
adhesive layer, by using a silicone rubber roller via a
sheet made of polytetrafluoroethylene. After this, a high
pressure gas is blown onto the adhesive layer to remove
the sphere bodies which were raised from the surface to
arrange a monolayer of the sphere bodies on the medi-
um. During the process, the thickness of the adhesive
layer was set to be about 25 Pm so that almost the half
of the sphere bodies may be embedded in the adhesive
layer.
[0044] Then, by using a vapor deposition device, the
film including the embedded sphere bodies, i.e., the me-
dium, was placed so that the surface of the medium onto
which the sphere bodies had been embedded faces the
vapor deposition source of the vapor deposition device.
After this, Sb2S3 which was used as a coloring agent
(black) and subsequently MgF2 which was used as a
surface charge controlling agent were deposited onto the
surface of the medium not having the embedded sphere
bodies.
[0045] After this, the medium was immersed in ethanol
to dissolve the adhesive layer and the sphere bodies
were removed from the adhesive layer by using a brush.
The hemisphere of the sphere bodies which had been
embedded in the adhesive layer was not colored and the
other hemisphere of the sphere bodies was colored
black. By this method, a number of desired spherical dis-
play elements were obtained.
[0046] A hollow tube member was prepared as follows.
While a nitrogen gas was discharged from a central hole
of a mouthpiece, which is schematically shown in FIG.
8, of an extruder, ethylene-vinyl acetate copolymer hav-
ing a 25% copolymer ratio of vinyl acetate was extruded
from a discharge hole surrounding the central hole. The
temperature of the extruder was set to be 230°C and the
pressure of the nitrogen gas was maintained substantial-
ly at atmospheric pressure. The extruding rate of melted
ethylene-vinyl acetate was 0.15 kg/hr. The melted fiber

discharged from the hole of the extruder was stretched
to obtain a hollow fiber having an outer diameter of 160
Pm and an inner diameter of 80 Pm.
[0047] After this, a bundle of the hollow fibers obtained
were placed in a chamber and the chamber was evacu-
ated. Then, a liquid, in which the spherical display ele-
ments obtained as mentioned above were dispersed,
was introduced into the chamber so that the liquid was
drawn into and filled the inside of the hollow fiber. In this
embodiment, a two-liquid system including Isoper-G (a
product of Exxon Chemical Co.) and PF5052 (a product
of Sumitomo 3M Ltd.) was used as the liquid for dispers-
ing the display elements.
[0048] Then, the hollow fibers containing the display
elements and the liquid were cut so that the length thereof
became about 3 mm by using a cutter whose cutting edge
was heated. The end portions of the hollow fibers were
sealed when cut because of the heat at the cutting edge
of the cutter which melted and plugged the cut portions
of the hollow fibers. In this manner, display units including
hollow tube members containing the display elements
inside thereof were obtained.
[0049] The display units obtained were formed into a
substantially uniform web (matrix) and subjected to a
needling process onto a foundation cloth made of fila-
ment yarn of nylon 66. In this manner, a sheet type display
unit having a width of about 500 Pm was prepared.
[0050] After this, the above-mentioned sheet of the dis-
play unit was sandwiched by transparent electrodes in
the up-and-down direction to produce a display device.
The electrode plates were made of glass, and one sur-
face thereof was vapor deposited with ITO. When a pos-
itive charge was given to the upper electrode and a neg-
ative charge was given to the lower electrode by using a
direct current power source and the voltage difference
between the electrodes was set to be 200 V, the display
elements showed their white surfaces to the upper elec-
trode (i.e., towards the display surface). When the posi-
tions of the electrodes were reversed, the display ele-
ments showed their black surfaces to the display surface.
The optical image concentration of the display surface
was measured by using a Macbeth densitometer, and
the ratio of image concentration when the black face was
displayed with respect to when the white face was dis-
played was measured as a contrast ratio.

Embodiment 2

[0051] Display elements of cylindrical shape were pre-
pared by using a nylon fiber. That is, a heat resistant
acrylic adhesive was applied onto a surface of a medium
made of a polyester film having a width of about 10 cm
to form an acrylic adhesive layer having a width of 35 Pm
thereof. A fishing line made of nylon (Fighter No. 0.2 hav-
ing a width of about 70 Pm, a product of Yamatoyo Te-
gusu Co.) was cut to be about 9 cm in length, and the
nylon line pieces were placed on the adhesive layer so
as to be arranged in a monolayer. After a sufficient
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amount of the nylon line pieces were placed on the ad-
hesive layer of the medium, the nylon line pieces were
compressed onto the adhesive layer so that the half of
each piece was embedded in the adhesive layer, by using
a silicone rubber roller via a sheet made of polytetrafluor-
oethylene having a width of about 50 Pm. After this, the
nylon line pieces which were raised from the surface were
removed by hand to arrange the monolayer of the nylon
line pieces on the medium. The thickness of the adhesive
layer was preset to be about 35 Pm so that almost the
half of the nylon line pieces may be embedded in the
adhesive layer.
[0052] Then, the surface of the medium into which the
nylon line pieces were embedded was painted black by
using a push-refresh type white board marker (a product
of Pentel Co.) The hemisphere portions of the nylon line
pieces which were painted black had a state of surface
charge distribution different from that of the other hemi-
sphere portion which was not painted.
[0053] After this, the medium was immersed in ethanol
from the surface opposite the surface in which the nylon
line pieces were embedded, and the nylon line pieces
were separated from the adhesive layer while the adhe-
sive layer was dissolved in ethanol. The hemisphere por-
tions of the nylon line pieces which had been embedded
in the adhesive layer were not painted whereas the other
hemisphere portions exposed were colored black. The
nylon line pieces were further cut by using a cutter so
that the length of the cut pieces became about 1 mm. In
this manner, a number of display elements of cylindrical
shape was obtained.
[0054] Finally, a display device was prepared in the
same manner as described in Embodiment 1 and the
contrast ratio was measured by using the same condition
as in Embodiment 1.
[0055] The results showed that the contrast ratio of the
display devices prepared in Embodiments 1 and 2 were
in the range between about 4 : 1 and 6 : 1, which was
the same level as the printing quality of a newspaper.
[0056] As explained above, according to the present
invention, a display device of a light receiving type device
may be easily produced which is capable of forming an
image that is kind to the eye in a manner like that of
printed matter, and does not cause eyestrain due to flick-
ering of emitted light. Also, according to the present in-
vention, since a display medium which is capable of ac-
curately reproducing an image information is obtained,
a significant contribution may be made to industry.
[0057] Having thus described example embodiments
of the invention, it will be apparent that various altera-
tions, modifications, and improvements will readily occur
to those skilled in the art. Such alterations, modifications,
and improvements, though not expressly described
above, are nonetheless intended and implied to be within
the spirit and scope of the invention. Accordingly, the
foregoing discussion is intended to be illustrative only;
the invention is limited and defined only by the following
claims and equivalents thereto.

Claims

1. A display unit which includes a transparent hollow
tube member, at least one display element sealed
in said transparent hollow tube member, and a liquid
present between said transparent hollow tube mem-
ber and said display element, said display element
being capable of rotating independently, said display
element having a surface divided into a plurality of
areas having different colors, and said display ele-
ment being polarized to have at least two poles hav-
ing different electrification states, characterized in
that said liquid is sealed in said transparent hollow
tube member, and has a specific gravity close to that
of said display element.

2. A display unit as set forth in claim 1, characterized
in that the shape of said display element is selected
from the group consisting of a sphere, oval, and cyl-
inder.

3. A display device comprising a display unit as claimed
in claim 1, characterized in that a plurality of said
display units is arranged over the entire display re-
gion of said display device.

4. A display device as set forth in claim 3, character-
ized in that all of said plurality of display units are
arranged so as to be parallel to each other.

5. A display device as set forth in claim 3, character-
ized by further comprising an electrical field appli-
cation device which applies an electric field to said
display unit.

6. A display unit as set forth in claim 3, characterized
in that all of said plurality of display units are ar-
ranged so as to be in a lattice form.

7. A display unit set forth in claim 1, characterized in
that said transparent hollow tube member has a cy-
lindrical shape so that at least a part of a circumfer-
ential surface of said transparent hollow tube mem-
ber has an effect as of a convex lens and enlarges
a display portion in said transparent hollow tube
member.

8. A display unit as set forth in claim 7, characterized
in that said at least one display element is positioned
co-axially with said transparent hollow tube member.

Patentansprüche

1. Eine Anzeigeneinheit, umfassend ein transparentes
hohles Röhrenelement, wenigstens ein Anzeigen-
element, das in dem hohlen Röhrenelement abge-
dichtet ist, und eine Flüssigkeit, die sich zwischen
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dem transparenten hohlen Röhrenelement und dem
Anzeigenelement befindet, wobei das Anzeigenele-
ment imstande ist, unabhängig zu rotieren, wobei
das Anzeigenelement eine Oberfläche hat, die in ei-
ne Vielzahl von Bereichen mit verschiedenen Far-
ben unterteilt ist, und das Anzeigenelement polari-
siert ist, um wenigstens zwei Pole mit verschiedenen
Ladungszuständen zu haben, dadurch gekenn-
zeichnet, dass die Flüssigkeit in dem transparenten
hohlen Röhrenelement abgedichtet ist und ein spe-
zifisches Gewicht hat, das in der Nähe desjenigen
des Anzeigenelements liegt.

2. Anzeigeneinheit nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Form des Anzeigenele-
ments aus einer Gruppe ausgewählt ist, die einen
Kreis, ein Oval und einen Zylinder umfasst.

3. Anzeigenvorrichtung umfassend eine Anzeigenein-
heit nach Anspruch 1, dadurch gekennzeichnet,
dass eine Vielzahl der Anzeigeneinheiten über dem
gesamten Anzeigenbereich der Anzeigenvorrich-
tung angeordnet ist.

4. Anzeigenvorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dass sämtliche der Vielzahl von An-
zeigeneinheiten angeordnet sind, um parallel zuein-
ander zu sein.

5. Anzeigenvorrichtung nach Anspruch 3, dadurch ge-
kennzeichnet, dass sie desweiteren eine Anle-
gungsvorrichtung für ein elektrisches Feld umfasst,
die ein elektrisches Feld an der Anzeigeneinheit an-
legt.

6. Anzeigeneinheit nach Anspruch 3, dadurch ge-
kennzeichnet, dass sämtliche der Vielzahl der An-
zeigeneinheiten in einer Gitterform angeordnet sind.

7. Anzeigeneinheit nach Anspruch 1, dadurch ge-
kennzeichnet, dass das transparente hohle Röh-
renelement eine zylinderförmige Form hat, so dass
wenigstens ein Teil einer Umfangsfläche des trans-
parenten hohlen Röhrenelements einen Effekt einer
konvexen Linse hat und einen Anzeigenabschnitt in
dem transparenten hohlen Röhrenelement vergrö-
ßert.

8. Anzeigeneinheit nach Anspruch 7, dadurch ge-
kennzeichnet, dass wenigstens ein Anzeigenele-
ment koaxial zu dem transparenten hohlen Röhren-
element positioniert ist.

Revendications

1. Unité d’affichage, comprenant un organe tubulaire
creux transparent, au moins un élément d’affichage,

isolé hermétiquement dans ledit organe tubulaire
creux transparent, et un liquide, présent entre ledit
organe tubulaire creux transparent et ledit élément
d’affichage, ledit élément d’affichage étant capable
de tourner indépendamment, ledit élément d’afficha-
ge ayant une surface, divisée en une pluralité de
zones ayant des couleurs différentes, et ledit élé-
ment d’affichage étant polarisé pour avoir au moins
deux pôles ayant des états d’électrification diffé-
rents, caractérisée en ce que ledit liquide est con-
finé hermétiquement dans ledit organe tubulaire
creux transparent et présente une masse volumique
proche de celle dudit élément d’affichage.

2. Unité d’affichage selon la revendication 1, caracté-
risée en ce que la forme dudit élément d’affichage
est sélectionnée dans le groupe composé d’une
sphère, d’un ovale, et d’un cylindre.

3. Dispositif d’affichage comprenant une unité d’affi-
chage tel que revendiquée à la revendication 1, ca-
ractérisé en ce qu’une pluralité desdites unités d’af-
fichage est agencée sur la totalité de la zone d’affi-
chage dudit dispositif d’affichage.

4. Dispositif d’affichage tel qu’indiqué à la revendica-
tion 3, caractérisé en ce que la totalité de ladite
pluralité des unités d’affichage est agencée de ma-
nière à être parallèle entre elles.

5. Dispositif d’affichage tel qu’indiqué à la revendica-
tion 3, caractérisé par le fait de comprendre en
outre un dispositif d’application d’un champ électri-
que appliquant un champ électrique à ladite unité
d’affichage.

6. Unité d’affichage telle qu’indiquée à la revendication
3, caractérisée en ce que la totalité de ladite plu-
ralité d’unités d’affichage est agencée pour être for-
mée en réseau.

7. Unité d’affichage telle qu’indiquée à la revendication
1, caractérisée en ce que ledit organe tubulaire
creux transparent présente une forme cylindrique
faisant qu’au moins une partie d’une surface cylin-
drique dudit tubulaire creux transparent présente un
effet de lentille convexe et agrandit une partie d’af-
fichage dans ledit organe tubulaire creux transpa-
rent.

8. Unité d’affichage telle qu’indiquée à la revendication
7, caractérisée en ce que ledit au moins un élément
d’affichage est positionné coaxialement audit orga-
ne tubulaire creux transparent.
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