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(57) ABSTRACT 

A display includes a ?rst substrate, a ?rst electrode, a second 
substrate, a second electrode and a display material layer. The 
?rst electrode is disposed on the ?rst substrate and the second 
electrode is disposed on the second substrate. The display 
material layer is disposed between the ?rst electrode and the 
second electrode. The display material layer of the invented 
display includes a solution and a plurality of ?rst micro beads, 
Wherein each of the ?rst micro beads further has a plurality of 
different axis lengths in different axis directions, and the axis 
length in at least an axis direction is different from the axis 
lengths in the rest axis directions so that the ?rst micro beads 
present different arrangement densities in different driving 
frequencies under the in?uence of polarized self-arrangement 
effect. 
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DISPLAY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 97148264, ?led on Dec. 11, 2008. 
The entirety of the above-mentioned patent application is 
hereby incorporated by reference herein and made a part of 
speci?cation. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to a display, 
and more particularly, to a display taking advantage of polar 
iZing phenomena of micro beads. 
[0004] 2. Description of RelatedArt 
[0005] The E-paper display technique Was initiated in 
1970’s Which is featured With employing micro-spheres With 
charges, Wherein a micro-sphere has White color on a side and 
black color on the other side. The micro-spheres rotate up 
and-doWn to present different colors along With changing an 
applied electric ?eld. The second generation of the E-paper 
display technique Was developed in l990’s, Which is featured 
With employing micelles instead of the traditional micro 
spheres, Wherein each of the micelles is ?lled With liquid and 
particles With charges, and the particles With charges move up 
or doWn controlled by an external electric ?eld. When a 
particle moves upwards (in the direction approaching the 
reader), the particle presents the color of its oWn, and the 
conventional technique takes is based on the mechanism of 
the electrophoresis the particles With charges demonstrate to 
achieve displaying function. In addition, the common E-pa 
per display technique further includes other modes Which are 
based on, such as electronic poWder technique, charged mac 
romolecule particle technique, cholesterol liquid crystal tech 
nique, electronic humidi?cation technique. 
[0006] The gradually evolved E-paper display technique 
has attracted the relevant manufactures including many giant 
companies for research and development. HoWever, the E-pa 
per display technique With simple driving mode and fast 
response still remains unsolved today and becomes an impor 
tant development project. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention is directed to a 
display advantageous in simple driving and fast response plus 
better displaying quality. 
[0008] The present invention provides a display, Which 
includes a ?rst substrate, a ?rst electrode, a second substrate, 
a second electrode and a display material layer. The ?rst 
electrode is disposed on the ?rst substrate; the second elec 
trode is disposed on the second substrate. The display mate 
rial layer is disposed betWeen the ?rst electrode and the sec 
ond electrode, Wherein the display material layer includes a 
solution and a plurality of ?rst micro beads disposed in the 
solution, Wherein each of the ?rst micro beads has a plurality 
of different axis lengths in different axis directions, and the 
axis length in at least an axis direction is different from the 
axis lengths in the rest axis directions so that the ?rst micro 
beads present different arrangement densities in different ?rst 
driving frequencies under the in?uence of polarized self 
arrangement effect. 
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[0009] In an embodiment of the present invention, each of 
the above-mentioned ?rst micro beads is ellipsoid, cubic, 
cuboid, tetrahedron or other nonspheric beads. 
[0010] In an embodiment of the present invention, the 
above-mentioned display further includes a plurality of sec 
ond micro beads disposed in the solution, Wherein each of the 
second micro beads has a plurality of different axis lengths in 
different axis directions, and the axis length in at least an axis 
direction is different from the axis lengths in the rest axis 
directions so that the second micro beads present different 
arrangement densities in different second driving frequencies 
under the in?uence of polariZed self-arrangement effect. 
[0011] In an embodiment of the present invention, the 
above-mentioned display further includes a plurality of third 
micro beads disposed in the solution, Wherein each of the 
third micro beads has a plurality of different axis lengths in 
different axis directions, and the axis length in at least an axis 
direction is different from the axis lengths in the rest axis 
directions so that the third micro beads present different 
arrangement densities in different third driving frequencies 
under the in?uence of polariZed self-arrangement effect. 
[0012] In an embodiment of the present invention, the con 
ductivity of the above-mentioned display takes a negative 
correlation to the conductivity of the solution. 
[0013] In an embodiment of the present invention, the 
dielectric coef?cient of the above-mentioned display takes a 
negative correlation to the dielectric coef?cient of the solu 
tion. 
[0014] In an embodiment of the present invention, the 
above-mentioned ?rst micro beads include metal beads. 
[0015] In an embodiment of the present invention, the 
above-mentioned ?rst micro beads include macromolecule 
beads. 
[0016] In an embodiment of the present invention, the 
material of the above-mentioned ?rst micro beads includes 
polystyrene beads. 
[0017] In an embodiment of the present invention, the 
material of the above-mentioned ?rst micro beads includes 
polyethylene beads. 
[0018] In an embodiment of the present invention, the 
above-mentioned solution is a nonconductive solution. 

[0019] In an embodiment of the present invention, the 
above-mentioned display further includes a ?rst dielectric 
layer, a ?rst hydrophobic ?lm layer and a second hydrophobic 
?lm layer, Wherein the ?rst dielectric layer is disposed on the 
?rst electrode, the ?rst hydrophobic ?lm layer is disposed on 
the ?rst dielectric layer and the second hydrophobic ?lm layer 
is disposed on the second electrode. 
[0020] In an embodiment of the present invention, the 
above-mentioned solution is a conductive solution. 

[0021] In an embodiment of the present invention, the 
above-mentioned ?rst electrode is a re?ecting electrode. 
[0022] In an embodiment of the present invention, the 
above-mentioned second electrode is transparent electrode. 
[0023] In an embodiment of the present invention, the 
above-mentioned ?rst substrate and second substrate include 
a ?exible substrate. 

[0024] Based on the described above, the ?rst micro beads 
in the invented display are polarized due to the electric ?eld 
betWeen the ?rst electrode and the second electrode so as to 
cause polariZed self-arrangement effect. The ?rst micro beads 
With the self-arrangement further take chain structures so that 
the distribution density of the ?rst micro beads in the display 
gets changed, Which further cange the transparence of the 
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display material layer. It should be noted that since the ?rst 
micro beads are nonspheric like, so that the ?rst micro beads 
With different axis lengths in different axis directions for each 
microbead Would have different polarized extents under the 
driving electric ?eld in different driving frequencies and 
accordingly form chain structures With different distribution 
densities. In this Way, When light from outside is incident 
upon the display and then re?ected outWards by the ?rst 
electrode, the desired variation of luminance or greylevel of 
the display can be achieved by controlling the driving fre 
quency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this speci?cation. The 
draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. 
[0026] FIG. 1A is a sectional-vieW diagram of a display 
according to the ?rst embodiment of the present invention. 
[0027] FIG. 1B is a 3-dimentions diagram of a ?rst micro 
bead in FIG. 1A. 
[0028] FIGS. 1C and ID are diagrams shoWing different 
polarized self-arrangements of the ?rst micro beads under 
different ?rst driving frequencies. 
[0029] FIG. 2 is a sectional-vieW diagram of another dis 
play according to the ?rst embodiment of the present inven 
tion. 
[0030] FIG. 3 is a sectional-vieW diagram of a display 
according to the second embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0031] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever pos 
sible, the same reference numbers are used in the draWings 
and the description to refer to the same or like parts. 

The First Embodiment 

[0032] FIG. 1A is a sectional-vieW diagram of a display 
according to the ?rst embodiment of the present invention and 
FIG. 1B is a 3-dimentions diagram of a ?rst microbead in 
FIG. 1A. Referring to FIGS. 1A and 1B, a display 100 ofthe 
present invention includes a ?rst substrate 110, a ?rst elec 
trode 120, a second substrate 130, a second electrode 140 and 
a display material layer 150. The ?rst electrode 120 is dis 
posed on the ?rst substrate 110 and the second electrode 140 
is disposed on the second substrate 130. In the embodiment, 
the ?rst substrate 110 and the second substrate 130 can be a 
?exible substrate With ?exibility; hoWever in other embodi 
ments, the ?rst substrate 110 and the second substrate 130 can 
be, for example, a glass substrate or other substrates made of 
organic compound or inorganic compound. 
[0033] In the embodiment, the ?rst electrode 120 is, for 
example, a re?ecting electrode and the second electrode 140 
is, for example, a transparent electrode. In more details, the 
?rst electrode 120 can be made of metal material With high 
re?ectance, and the second electrode 140 can be made of 
indium tin oxide (ITO), indium Zinc oxide (IZO), indium tin 
Zinc oxide (ITZO), hafnium oxide, Zinc oxide, aluminium 
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oxide, aluminium tin oxide, aluminium Zinc oxide, cadmium 
tin oxide, cadmium Zinc oxide or other appropriate transpar 
ent conductive materials. 
[0034] The display material layer 150 in the invented dis 
play 100 is disposed betWeen the ?rst electrode 120 and the 
second electrode 140 and includes a solution 152, Which 
contains a plurality of ?rst micro beads 154 dispersedly dis 
tributed therein, as shoWn in FIG. 1A. Specially, each of the 
?rst micro beads 154 has a plurality of different axis lengths 
in different axis directions and the axis length in at least an 
axis direction is different from the axis lengths in the rest axis 
directions so that the ?rst micro beads 154 present different 
arrangement densities in different ?rst driving frequencies 
under the in?uence of polariZed self-arrangement effect. 
[0035] Although the embodiment is depicted against the 
?rst micro beads 154 shoWn in FIG. 1B, but the embodiment 
of the present invention is not limited to. In FIG. 1B, each of 
the ?rst micro beads 154 has three different axis directions 
154a, 1541) and 1540 and three axis lengths L1, L2 and L3 
respectively corresponding to 154a, 1541) and 1540, Wherein 
the axis lengths L1, L2 and L3 respectively corresponding to 
154a, 1541) and 1540 are different from each other. In this 
Way, When an AC voltage With different ?rst driving frequen 
cies is applied betWeen the ?rst electrode 120 and the second 
electrode 140, the ?rst micro beads 154 Would have different 
dipole moments corresponding to different axis directions, 
Which further results in forming string-like chain structures 
arranged With different densities. For example, if the axis 
lengths L1, L2 and L3 respectively corresponding to the axis 
directions 154a, 1541) and 1540 are different from each other, 
the ?rst micro beads 154 can form string-like chain structures 
arranged along at least one of the axis directions 154a, 1541) 
and 1540 under anAC voltage of at least the above-mentioned 
three different ?rst driving frequencies. In this Way, the 
arrangement density on a plane and the corresponding polar 
iZed self-arrangement are varied With the ?rst driving fre 
quency, Which results in different transparence. 
[0036] FIGS. 1C and ID are diagrams shoWing different 
polariZed self-arrangements of the ?rst micro beads under 
different ?rst driving frequencies. The polariZed self-arrange 
ment effect With different arrangement densities of the ?rst 
micro beads 154 in the display 100 under different ?rst driv 
ing frequencies can be explained in FIGS. 1C and 1D. 
[0037] Referring to FIG. 1C, if anAC voltage With 48 V and 
500 kHZ is applied betWeen the ?rst electrode 120 and the 
second electrode 140, an electric ?eld is produced therebe 
tWeen. In the in?uence of the external electric ?eld With the 
frequency of 500 kHZ, the ?rst micro beads 154 get polariZed. 
Specially, the polariZed ?rst micro beads 154 Would attract 
each other to cause the polariZed self-arrangement effect. As 
shoWn in FIG. 1C, the ?rst micro beads 154 form chain 
structures 160, so that the distribution density of the ?rst 
micro beads 154 is changed, and thereby the transparence of 
the display material layer 150 is changed. In this Way, external 
light L can be easily incident upon the second electrode 140 
and then re?ected by the ?rst electrode 120 outWards to 
realiZe displaying effect. 
[0038] Along With changing the frequency of the above 
mentioned appliedAC voltage, the polariZed ?rst micro beads 
154 keep attracting each other to form self-arrangement, but 
due to different axis lengths for different axis directions as 
shoWn by FIG. 1B, the polariZed ?rst micro beads 154 are 
self-arranged in different Way as shoWn in FIG. 1D, Which 
makes the arrangement density on a plane of the chain struc 
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tures 160 increased or decreased and the desired luminance 
and greylevel are accordingly obtained by the frequency 
adjustment. It should be noted that, the chain structures 160 
under an AC signal of different driving frequencies can have 
other arrangements; for example, the ?rst micro beads 154 
can be arranged along the axis direction 15411, the axis direc 
tion 154!) or the axis direction 1540. In short, the display 100 
of the embodiment only requires appropriate driving frequen 
cies to produce different luminance and greylevels, therefore, 
the invented display has better displaying quality. 
[0039] In the embodiment, When the operation frequency 
for producing the electric ?eld betWeen the ?rst electrode 120 
and the second electrode 140 is a loW-frequency (for example, 
DC-MHZ), the conductivity of the ?rst micro beads 154 takes 
a negative correlation to the conductivity of the solution 152. 
The ?rst micro beads 154 With high conductivity correspond 
ing to the solution 152 With loW conductivity or the ?rst micro 
beads 154 With loW conductivity corresponding to the solu 
tion 152 With high conductivity are soWn in Table l. 

[0040] On the other hand, When the operation frequency for 
producing the electric ?eld betWeen the ?rst electrode 120 
and the second electrode 140 is a high-frequency (for 
example, MHZ-GHZ), the dielectric coe?icient of the ?rst 
micro beads 154 takes a negative correlation to the dielectric 
coe?icient of the solution 152. The ?rst micro beads 154 With 
high dielectric coe?icient corresponding to the solution 152 
With loW dielectric coe?icient or the ?rst micro beads 154 
With loW dielectric coef?cient corresponding to the solution 
152 With high dielectric coe?icient are also soWn in Table 1. 

TABLE 1 

operation frequency ?rst micro beads solution 

low-frequency 
low-frequency 
high-frequency 
high-frequency 

high conductivity loW conductivity 
loW conductivity high conductivity 
high dielectric coef?cient loW dielectric coef?cient 
loW dielectric coef?cient high dielectric coef?cient 

[0041] It should be noted that the solution 152 can be non 
conductive solution matching the ?rst micro beads 154 With 
high conductivity. The solution 152 can be also conductive 
solution, Which is depicted in the second embodiment. In 
more details, the ?rst micro beads 154 include macromol 
ecule beads or metal beads. In terms of macromolecule beads, 
they are, for example, polystyrene beads (PS beads) or poly 
ethylene beads (PE beads), Wherein the diameter of the ?rst 
microbead 154 is, for example, 3 m. 

[0042] When the ?rst micro beads 154 are not polariZed by 
electric ?eld, the ?rst micro beads 154 are distributed as 
shoWn in FIG. 1A, so that light can not be effectively incident 
upon the second electrode 140 from outside and re?ected by 
the ?rst electrode 120 outWards. In other Words, since the 
display 100 of the embodiment employs nonspheric beads as 
the ?rst micro beads 154, the distribution of the ?rst micro 
beads 154 can be controlled by applying different electric 
?elds, Which further controls the display 100 to produce 
desired frames With different luminance and greylevels. The 
display 100 of the embodiment is advantageous in not only 
simple driving structure, loW driving voltage and fast 
response, but also better displaying quality With appropriate 
greylevels. 
[0043] The shape of the above-mentioned ?rst micro beads 
154 in FIG. 1B is an example only; in other unshoWn embodi 
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ments, the ?rst micro beads 154 can be is cubic, cuboid, 
tetrahedron or other nonspheric beads. 
[0044] To meet the requirement of full color displaying, 
another display 10011 of the present invention, as shoWn in 
FIG. 2, can further include a plurality of second micro beads 
156 and a plurality of third micro beads 158. The second 
micro beads 156 and the third micro beads 158 herein are 
distributed in the solution 152, Wherein the second micro 
beads 156 and the third micro beads 158 Work, for example, 
the same as the ?rst micro beads 154, and they are omitted for 
simplicity. 
[0045] In an embodiment, the ?rst micro beads 154 can be 
red micro beads, the second micro beads 156 green ones and 
the third micro beads 158 blue ones. HoWever, the ?rst micro 
beads 154, the second micro beads 156 and the third micro 
beads 158 respectively require different driving frequencies, 
i.e., a ?rst driving frequency, a second driving frequency and 
a third driving frequency, so that the luminance and the grey 
level of the display 100a can be controlled. In this Way, the 
?rst micro beads 154, the second micro beads 156 and the 
third micro beads 158 present different polariZations under 
driving voltages With different frequencies and form chain 
structures 160 With different densities on a plane, Where dif 
ferent colors and greylevels of frames can be effectively con 
trolled by varying the frequency of the AC driving voltage. 

The Second Embodiment 

[0046] The second embodiment is similar to the ?rst 
embodiment except that the solution employed by the second 
embodiment is conductive solution. Besides, the display fur 
ther employs a dielectric layer and tWo hydrophobic ?lm 
layers disposed on the ?rst electrode and the second elec 
trode. FIG. 3 is a sectional-vieW diagram of a display accord 
ing to the second embodiment of the present invention. Refer 
ring to FIG. 3, a display 200 is similar to the display 100 ofthe 
?rst embodiment. The unique of the display 200 of the 
embodiment rests in that the solution 152 is conductive solu 
tion and the display 200 further includes a ?rst dielectric layer 
122, a ?rst hydrophobic ?lm layer 124 and a second hydro 
phobic ?lm layer 142. The ?rst dielectric layer 122 and the 
?rst hydrophobic ?lm layer 124 herein are sequentially dis 
posed on the ?rst electrode 120, and the second hydrophobic 
?lm layer 142 is disposed on the second electrode 140. The 
display 200 of the embodiment has the same advantages as 
the display 100 of the ?rst embodiment, i.e., simple driving 
structure, fast response, loW driving voltage and better dis 
playing quality With appropriate greylevels. 
[0047] In summary, the ?rst micro beads of the invented 
display are polariZe in the in?uence of the electric ?eld 
betWeen the ?rst electrode and the second electrode, so that 
the ?rst micro beads are self-arranged and form chain struc 
tures due to the self-arrangement, Which makes the distribu 
tion density of the ?rst micro beads in the display and the 
transparence of the display material layer changed to produce 
different displaying frames. Therefore, the display of the 
present invention has the advantages of simple driving struc 
ture and fast response. In addition, by employing various 
kinds of micro beads, the display of the present invention can 
achieve the goal of full color displaying. 
[0048] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the struc 
ture of the present invention Without departing from the scope 
or spirit of the invention. In vieW of the foregoing, it is 
intended that the present invention covers modi?cations and 
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variations of this invention provided they fall Within the scope 
of the following claims and their equivalents. 

1. A display, comprising: 
a ?rst substrate; 
a ?rst electrode, disposed on the ?rst substrate; 
a second substrate; 
a second electrode, disposed on the second substrate; and 
a display material layer, disposed betWeen the ?rst elec 

trode and the second electrode, Wherein the display 
material layer comprises: 

a solution; and 
a plurality of ?rst micro beads disposed in the solution, 

Wherein each of the ?rst micro beads has a plurality of 
different axis lengths in different axis directions, and the 
axis length in at least an axis direction is different from 
the axis lengths in the rest of the axis directions so that 
the ?rst micro beads present different arrangement den 
sities in different ?rst driving frequencies under the 
in?uence of polariZed self-arrangement effect. 

2. The display as claimed in claim 1, Wherein each of the 
?rst micro beads is ellipsoid, cubic, cuboid, tetrahedron or 
other nonspheric bead. 

3. The display as claimed in claim 1, further comprising a 
plurality of second micro beads disposed in the solution, 
Wherein each of the second micro beads has a plurality of 
different axis lengths in different axis directions, and the axis 
length in at least an axis direction is different from the axis 
lengths in the rest of the axis directions so that the second 
micro beads present different arrangement densities in differ 
ent second driving frequencies under the in?uence of polar 
iZed self-arrangement effect. 

4. The display as claimed in claim 3, further comprising a 
plurality of third micro beads disposed in the solution, 
Wherein each of the third micro beads has a plurality of 
different axis lengths in different axis directions, and the axis 
length in at least an axis direction is different from the axis 
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lengths in the rest of the axis directions so that the third micro 
beads present different arrangement densities in different 
third driving frequencies under the in?uence of polariZed 
self-arrangement effect. 

5. The display as claimed in claim 1, Wherein the conduc 
tivity of the ?rst micro beads takes a negative correlation to 
the conductivity of the solution. 

6. The display as claimed in claim 1, Wherein the dielectric 
coe?icient of the ?rst micro beads takes a negative correlation 
to the dielectric coe?icient of the solution. 

7. The display as claimed in claim 1, Wherein the ?rst micro 
beads comprise metal beads. 

8. The display as claimed in claim 1, Wherein the ?rst micro 
beads comprise macromolecule beads. 

9. The display as claimed in claim 8, Wherein the material 
of the ?rst micro beads comprises polystyrene beads. 

10. The display as claimed in claim 1, Wherein the material 
of the ?rst micro beads comprises polyethylene beads. 

11. The display as claimed in claim 1, Wherein the solution 
is a nonconductive solution. 

12. The display as claimed in claim 1, further comprising: 
a ?rst dielectric layer, disposed on the ?rst electrode; 
a ?rst hydrophobic ?lm layer, disposed on the ?rst dielec 

tric layer; and 
a second hydrophobic ?lm layer, disposed on the second 

electrode. 
13. The display as claimed in claim 12, Wherein the solu 

tion is a conductive solution. 
14. The display as claimed in claim 1, Wherein the ?rst 

electrode is a re?ecting electrode. 
15. The display as claimed in claim 1, Wherein the second 

electrode is a transparent electrode. 
16. The display as claimed in claim 1, Wherein the ?rst 

substrate and the second substrate each comprise ?exible 
substrate. 


