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(54) Display unit, display device, and method for manufacturing the display device

(57) A display unit includes a transparent hollow
tube member and at least one display element sealed
in the transparent hollow tube member. The display el-
ement is capable of rotating independently in the hollow
tube member. Also, the display element has a surface

which is divided into a plurality of areas having different
colors and is polarized to have at least two poles having
a different electrification state. An image formed by a
display device including the display units is kind to the
eye in the same way as printed matter, and does not
cause eyestrain due to flickering of emitted light.
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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 informa-
tion 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
Publication, No. Hei 1-282589. In the display device
shown in FIGS. 9A and 9B, particles are used as the
display medium, each of which has a hemisphere por-
tion having a color different from the color of the other
hemisphere portion. That is, a dispersed particle rota-
tion type panel display 5 includes a capsule structure
formed in a transparent substrate 2 of a plate shape in
which a rotary particle 1 for display having hemispheres
la and 1b of different colors is encapsulated and held in
a space 3 of spherical shape which is filled with a die-
lectric liquid 4. A transparent 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 elec-
tric 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 dielec-
tric liquid, such as an organic solvent or an oil. The liquid
acts as a plasticizer and causes a swelling of the elas-
tomer. Since the elastomer swells nearly uniformly, a
space is generated 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 transparent electrodes are disposed so
as to sandwich the elastomer sheet. The transparent
electrodes may be formed by using a transparent con-
ductive 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 de-
gree of the swelling of the elastomer depends on the
temperature, 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 dis-
torted, the rotation of the particle in the space 3 is inhib-
ited, 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 influ-
ence 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 be-
comes relatively too large, and it is difficult to obtain an
image having an excellent contrast.

SUMMARY OF THE INVENTION

[0008] Accordingly, an object of the invention is to pro-
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vide a display unit, a display device, and a display meth-
od in which the above-mentioned problems in the pro-
duction 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 eye-
strain due to flicking of emitted light.
[0009] The above object may be achieved by a dis-
play unit, including a transparent hollow tube member;
and at least one display element sealed in the transpar-
ent hollow tube member, the display element being ca-
pable of rotating independently, wherein the display el-
ement has a surface which is divided into a plurality of
areas having different colors, and the display element
is polarized to have at least two poles having a different
electrification state.
[0010] In accordance with another aspect of the in-
vention, the shape of the display element is selected
from the group consisting of a sphere, oval, and cylinder.
[0011] 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.
[0012] In yet another aspect of the invention, a plural-
ity of the display units is arranged over substantially the
entire display region of the display device.
[0013] 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.
[0014] 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.
[0015] The present invention also provides a method
for displaying colors on a display by using the above-
mentioned display device, including the step of: apply-
ing an electric field corresponding to an image signal to
the display element.
[0016] 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.
[0017] In accordance with another aspect of the in-
vention, the specific gravity of the liquid is close to the
specific gravity of the display element.
[0018] In yet another aspect of the invention, the liquid
is of a two-liquid system formed by combining a first liq-
uid having higher specific gravity than that of the display
element and a second liquid having lower specific grav-
ity than that of the display element.
[0019] In yet another aspect of the invention, the hol-
low tube member is formed by a method comprising the
steps of: forming a fiber having a two-layer structure;
and removing an inner layer of the fiber to produce the
hollow tube member.

[0020] 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.
[0021] 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 inner-
most 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 inner-
most layer of the fiber functions as a display element
and the outermost layer of the fiber functions as a hollow
tube member.
[0022] In yet another aspect of the invention, the in-
termediate layer is dissolved by a solvent or by an irra-
diation of light.
[0023] 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.
[0024] 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.
[0025] 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 manufac-
turing 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
supporting 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 ar-
bitrary selected. Moreover, if a method such as a melt
spinning method is adapted for producing a hollow tube
member of the display unit, it becomes possible to pro-
duce 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 pos-
sible to form an excellent image. Further, as shown in
FIG. 2, the display element in the display unit may be
shown larger than its actual size due to a so-called "con-
vex lens effect" of the side surface (i.e., the circumfer-
ential surface) of the hollow tube member containing a
transparent liquid. Therefore, 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 re-
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sult, an excellent contrast may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 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 de-
vice 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 mouth-
piece of an extruder which may be used for a pro-
duction of hollow tube member according to an em-
bodiment 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

[0027] 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
drawings. This detailed description of particular pre-
ferred embodiments, set out below to enable one to
build and use particular implementations of the inven-
tion, is not intended to limit the enumerated claims, but
to serve as particular examples thereof.

Display element

[0028] According to an embodiment of the present in-
vention, display elements placed in hollow tube mem-
bers are independently rotated by an external driving
force to form an image. As a source of the external force,
an electric field is most typical but other sources, such
as magnetic field, light, heat, and so forth may also be
utilized.
[0029] As shown in FIGS. 1A and 1B, the display el-
ement according to an embodiment of the present in-
vention 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 vis-
ible from the surface of the display device, which con-
tains a plurality of the arranged display elements, forms
a color dot, and a letter or an image is formed by a plu-
rality of the dots so arranged.
[0030] Examples of a method for partitioning the elec-
trification state of the display element include a forma-
tion 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 elec-
trification state of the display element includes not only
the combination 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 elec-
trification 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 differen-
tiated by using the color of the material used, by mixing,
coating, or vapor depositing a coloring element, or paint-
ing the surface of the display element.
[0031] 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
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. Fur-
thermore, even for the case in which the display element
is in a spherical shape or in an oval shape, the display
element has at least two areas of different colors.
[0032] 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
electric field is externally applied to the display device
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based on an image signal, in accordance with the direc-
tion of the electric field due to the force of the electric
field on the surface charge of the display element.
Among a plurality of colors on the circumferential sur-
face of the display 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 element and the inner surface of the tube
member, or between the outer surface of the display el-
ement and a liquid contained in the space.

Hollow tube member and display unit

[0033] 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 µm. 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 in-
stead of the soluble resin forming the inner layer, it
becomes unnecessary to remove the resin after-
wards, and hence, the hollow fiber may be pro-
duced in an easier and simpler manner. It is prefer-
able to use a gas, such as nitrogen gas or air, as
the fluid introduced. Then, a liquid in which display
elements have been dispersed is introduced into
the above-mentioned 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 el-
ements are dispersed is introduced into the cham-
ber 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 ap-
propriate 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 el-
ement. 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 el-

ement. If the specific gravity of the liquid is too low,
the display element also strongly contacts the hol-
low tube member due to gravity acting on the dis-
play member. In both cases, since the display ele-
ment strongly contacts the hollow tube member,
there is a danger that the rotary motion of the dis-
play element will be inhibited when an electric field
is impressed on the display element. If an appropri-
ate liquid is not available, it is possible to employ a
two-liquid system formed by combining a liquid hav-
ing 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 us-
ing, for instance, a melt spinning method, and the
polymeric fiber is stretched to obtain a fiber having
an external diameter of about 20-200 µm. The in-
nermost 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 material 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 are sealed to form a dis-
play unit having a space between a display element
and a tube member so that the display element of
cylindrical shape may freely rotate in the tube mem-
ber. 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 men-
tioned above, it is preferable that the specific gravity
of the solvent, after the intermediate layer has been
dissolved in it, be substantially the same as the spe-
cific gravity of the display 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 µm. The inner
layer is formed by a fiber which forms a display el-
ement, and the outer layer forms a hollow tube
member. During the melt spinning process, a re-
leasing material, such as silicone oil, is placed be-
tween the inner layer and the outer layer. It is pref-
erable that the specific gravity of the silicone oil be
also similar to the specific gravity of the display el-
ement.
(4) A polymeric fiber having a three-layer structure
of substantially concentric circles is formed by us-
ing, for instance, a melt spinning method, and the
polymeric fiber is stretched to obtain a fiber having
an external diameter of about 20-200 µm. The in-
nermost layer is formed by a fiber which forms a
display element, and the outermost layer forms a
hollow tube member. The intermediate layer is
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formed by a material which may be dissolved by
light. The fiber obtained is cut from the outermost
layer to the innermost layer, and then both ends of
the fiber are sealed. After that, when light is irradi-
ated onto the fiber, the intermediate layer is dis-
solved by light which passes through the transpar-
ent tube member, to form a display unit in which the
display element of cylindrical shape may freely ro-
tate in the tube member. It is possible to cut only the
innermost layer to produce a plurality of display el-
ements in the hollow tube member. Also, for the
same reasons mentioned above, it is preferable that
the specific gravity of a liquid which is produced by
dissolving the intermediate layer by light be sub-
stantially the same as the specific gravity of the dis-
play element.

[0034] 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 µm for the display element, and
between about 5 µm 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

[0035] According to an embodiment of the present in-
vention, a display device may be produced by, for ex-
ample, applying a liquid in which the above-mentioned
display unit is dispersed onto a thin supporting medium,
and forming the medium into a sheet shape. Alternative-
ly, 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.
[0036] 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
polymethy 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.
[0037] 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.
[0038] 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 dis-
play units may be arranged in different form such as in
a tangled state.
[0039] FIGS. 1A and 1B are diagrams showing anoth-
er 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 dis-
play unit outer tubes are not shown accurately in FIG.
1A, the relationship between the display unit and display
elements is shown in FIG. 1B 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.
[0040] 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

[0041] First, spherical display elements were pre-
pared by using a method disclosed in Japanese Unex-
amined Patent Application, First Publication, No. Sho
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56-123577. That is, as shown in FIG. 7, a heat resistant
acrylic adhesive layer having a thickness of about 35
µm 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 µm were arranged on the above-mentioned
adhesive layer to form a monolayer thereof. That is, after
a sufficient number of the white glass sphere bodies
were applied onto the adhesive layer of the medium, the
sphere bodies were compressed onto the adhesive lay-
er so that the half of each of the sphere bodies is em-
bedded 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 lay-
er to remove the sphere bodies which were raised from
the surface to arrange a monolayer of the sphere bodies
on the medium. During the process, the thickness of the
adhesive layer was set to be about 25 µm so that almost
the half of the sphere bodies may be embedded in the
adhesive layer.
[0042] 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.
[0043] After this, the medium was immersed in etha-
nol 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.
[0044] A hollow tube member was prepared as fol-
lows. While a nitrogen gas was discharged from a cen-
tral hole of a mouthpiece, which is schematically shown
in FIG. 8, of an extruder, ethylene-vinyl acetate copoly-
mer having 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
substantially 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 extrud-
er was stretched to obtain a hollow fiber having an outer
diameter of 160 µm and an inner diameter of 80 µm.
[0045] After this, a bundle of the hollow fibers ob-
tained were placed in a chamber and the chamber was
evacuated. Then, a liquid, in which the spherical display
elements 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.
[0046] Then, the hollow fibers containing the display
elements and the liquid were cut so that the length there-
of 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 por-
tions of the hollow fibers. In this manner, display units
including hollow tube members containing the display
elements inside thereof were obtained.
[0047] 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 dis-
play unit having a width of about 500 µm was prepared.
[0048] After this, the above-mentioned sheet of the
display unit was sandwiched by transparent electrodes
in the up-and-down direction to produce a display de-
vice. The electrode plates were made of glass, and one
surface thereof was vapor deposited with ITO. When a
positive charge was given to the upper electrode and a
negative charge was given to the lower electrode by us-
ing a direct current power source and the voltage differ-
ence between the electrodes was set to be 200 V, the
display elements showed their white surfaces to the up-
per electrode (i.e., towards the display surface). When
the positions of the electrodes were reversed, the dis-
play elements showed their black surfaces to the display
surface. The optical image concentration of the display
surface was measured by using a Macbeth densitome-
ter, and the ratio of image concentration when the black
face was displayed with respect to when the white face
was displayed was measured as a contrast ratio.

Embodiment 2

[0049] Display elements of cylindrical shape were
prepared 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
µm thereof. A fishing line made of nylon (Fighter No. 0.2
having a width of about 70 µm, a product of Yamatoyo
Tegusu 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
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 us-
ing a silicone rubber roller via a sheet made of poly-
tetrafluoroethylene having a width of about 50 µm. After
this, the nylon line pieces which were raised from the
surface were removed by hand to arrange the monolay-
er of the nylon line pieces on the medium. The thickness
of the adhesive layer was preset to be about 35 µm so
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that almost the half of the nylon line pieces may be em-
bedded in the adhesive layer.
[0050] 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 hem-
isphere portion which was not painted.
[0051] After this, the medium was immersed in etha-
nol 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
adhesive layer was dissolved in ethanol. The hemi-
sphere portions 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 ele-
ments of cylindrical shape was obtained.
[0052] 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 condi-
tion as in Embodiment 1.
[0053] 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 newspa-
per.
[0054] As explained above, according to the present
invention, a display device of a light receiving type de-
vice 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.
[0055] Having thus described example embodiments
of the invention, it will be apparent that various altera-
tions, modifications, and improvements will readily oc-
cur to those skilled in the art. Such alterations, modifi-
cations, and improvements, though not expressly de-
scribed above, are nonetheless intended and implied to
be within the spirit and scope of the invention. Accord-
ingly, the foregoing discussion is intended to be illustra-
tive only; the invention is limited and defined only by the
following claims and equivalents thereto.

Claims

1. A display unit, comprising:

a transparent hollow tube member; and
at least one display element sealed in said
transparent hollow tube member, said display

element being capable of rotating independent-
ly, wherein
said display element has a surface which is di-
vided into a plurality of areas having different
colors, and
said display element is polarized to have at
least two poles having a different electrification
state.

2. A display unit as set forth in claim 1, wherein
the shape of said display element is selected

from the group consisting of a sphere, oval, and cyl-
inder.

3. A display unit as set forth in claim 1, further com-
prising:

a liquid which is sealed in said hollow tube
member, said liquid being present between
said display element and said hollow tube
member.

4. A display device comprising a display unit as
claimed in claim 1, wherein

a plurality of said display units is arranged
over substantially the entire display region of said
display device.

5. A display device as set forth in claim 4, wherein
substantially all of said plurality of display

units are arranged so as to be substantially parallel
to each other.

6. A display device as set forth in claim 4, further com-
prising:

an electric field application device which ap-
plies an electric field to said display unit.

7. A method for displaying colors on a display by using
a display device as claimed in claim 6, comprising
the step of:

applying an electric field corresponding to an
image signal to said display element.

8. A method for producing a display device including
at least one display unit, comprising the steps of:

forming a hollow tube member;
introducing a liquid in which display elements
have been dispersed into said hollow tube
member;
sealing an end portion of said hollow tube mem-
ber to form a display unit comprising said hollow
tube member in which said display element is
contained; and
arranging said display unit over a display region
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of said display device.

9. A method for producing a display device as set forth
in claim 8, wherein

the specific gravity of said liquid is close to the
specific gravity of said display element.

10. A method for producing a display device as set forth
in claim 8, wherein

said liquid is of a two-liquid system formed by
combining a first liquid having higher specific gravity
than that of said display element and a second liquid
having lower specific gravity than that of said dis-
play element.

11. A method for producing a display device as set forth
in claim 8, wherein

said hollow tube member is formed by a meth-
od comprising the steps of:

forming a fiber having a two-layer structure;
and
removing an inner layer of said fiber to produce
said hollow tube member.

12. A method for producing a display device as set forth
in claim 11 wherein said inner layer of said fiber is
made of a material which may be dissolved in a sol-
vent.

13. A method for producing a display device including
at least one display unit, comprising the steps of:

forming a fiber having a three-layer structure,
an intermediate layer of said fiber being formed
by a material to be dissolved;
dissolving said intermediate layer of said fiber;
sealing an end portion of said fiber to form a
display unit comprising the innermost layer of
said fiber freely rotatable in the outermost layer
of said fiber; and
arranging said display unit over a display region
of said display device, wherein said innermost
layer of said fiber functions as a display ele-
ment and said outermost layer of said fiber
functions as a hollow tube member.

14. A method for producing a display device as set forth
in claim 13 wherein said intermediate layer is dis-
solved by a solvent or by an irradiation of light.

15. A method for producing a display device as set forth
in claim 13 wherein

the specific gravity of said intermediate layer,
after being dissolved, is substantially the same as
the specific gravity of said display element.

16. A method for producing a display device as set forth

in claim 13 wherein
said display element of said display unit is cut

by using a laser beam, a rotary knife, or a straight
knife.
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